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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 resources industry makes an enormous contribution 
to Western Australia and Australia.  This is the case not 
just in terms of economic growth, but also employment 
opportunities, research and development, community 
support and regional development.

Australia’s economic growth has largely been driven by 
the resource sector, particularly the Western Australian 
resource sector.  Last financial year, the industry was worth 
$106 billion. This was only $1 billion shy of the all-time 
record set in the 2011 calendar year. Iron ore and gold 
were the dominant commodities. These two minerals 
combined were worth $70.4 billion, or 86 per cent of all 
mineral sales in Western Australia.

The petroleum sector, which includes crude oil, 
condensate, Liquified Natural Gas (LNG), natural gas and 
Liquified Petroleum Gas (LPG) (butane and propane) was 
valued at $23.8 billion in total. 

Western Australia remained the nation’s leading mining 
investment destination, attracting 55 per cent of total 
national capital spending valued at $82 billion. Fuelled by 
strong demand for resource commodities from Asia, new 
capital expenditure by the State’s mining industry has 
grown at an annual rate of 26 per cent during the five 
years to 2011–12.  

Mineral and petroleum exports comprised 91 per cent of 
the State’s total merchandise exports, representing by far 
the major contributor to Western Australia’s 46 per cent 
share of the nation’s total merchandise exports.   

This dominance is expected to continue given the large 
number of resource projects, particularly in relation to the 
iron ore and LNG industries currently under development

This year’s ARRC Industry and Research Report highlights 
an impressive number of projects and achievements for 
the Centre. 

One such achievement was the development of a world-
class facility to advance carbon capture and storage 
(CCS) technologies. Launched in September 2012, the 
National Geosequestration Laboratory (NGL) will provide 
critical research and support Australia’s first CCS Flagship, 
the South West Hub project, and other national and 
international CCS projects. the hon norman Moore MLC

WA Minister for Mines and Petroleum

This will be an important facility for the South West Hub 
CCS project and gives Western Australia unequalled 
research capability and capacity by offering direct and 
immediate access to world-class state-of-the-art research 
facilities within Western Australia.

The development of the world’s largest satellite-derived 
geosciences map capturing the entire state of Western 
Australia was another attention-grabbing, world-first for 
the Centre.  Following a 20-year research commitment, 
the ASTER (Advanced Spaceborne Thermal Emission and 
Reflection) map provides a new generation of satellite 
information, which changes the way explorers look for 
mineral deposits.

The suite of satellite-derived ASTER products that make 
up the map will supply basic information about the 
dominant rock and soil-forming mineral components of 
WA. The resources sector will benefit greatly from access 
to the map, which provides better characterisation and 
understanding of the State’s geology.

These are only a small fraction of the research projects 
taking place at ARRC. As the following report details, 
there are an incredible number of projects the Centre is 
working on. It is these projects that will help ensure the 
sustainability of the resources industry.

I look forward to the future research coming out of the 
Centre and the limitless possibilities it will bring for the 
State’s, the nation’s and the world’s resources industry.

I congratulate all of the Centre’s staff for their ongoing 
commitment to being leaders in international mineral and 
petroleum research.
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Chairman’s Report

Resource developments in Western Australia continue 
to be the driving force behind the State’s strongly 
growing economy. Technological leadership has been the 
underpinning competitive advantage enjoyed by Western 
Australia in this field and future success depends on 
maintaining this leadership. The scientists at ARRC have 
been a major contributor to this technical leadership for 
over a decade and their work will continue to provide this 
competitive edge.

A major initiative currently under development at ARRC 
is the Pawsey Centre. This petascale supercomputing 
facility will provide powerful computational capability 
for a number of science projects, including some in the 
geosciences. The early stages of the Centre will start to 
come online in 2013 and will provide ARRC scientists 
with significantly increased capability and the potential to 
achieve further important leading edge breakthroughs.

Linked to the Pawsey Centre, and currently under 
development, is the CSIRO Geothermal Project. While the 
traditional resource base of Western Australia has been a 
major science focus at ARRC, the potential of renewable 
energy applications has also received attention. The 
geothermal energy potential of the Perth region is not well 
understood. This project will provide the cooling for the  
supercomputer at the Pawsey Centre while also adding 
to the knowledge base of the potential for larger scale 
geothermal developments in the metropolitan region. 

The challenge of restricting the growth of greenhouse 
gas output in an economy which is growing as fast as has 
been occurring in Western Australia can only be met by 
implementing innovative solutions. The heavy reliance of 
industry in this State on fossil fuels has focused attention 
on the potential to capture and permanently store 
carbon dioxide (CO2).  Collaboration between CSIRO, 
The University of Western Australia and Curtin University 
was successful in attracting Commonwealth Government 
funding to establish a National Geosequestration 
Laboratory, the major portion of which will be located at 
ARRC. This facility, and the scientists at ARRC together 
with their colleagues at the two universities, will establish 
the feasibility of a national plan for long term geological 
storage of CO2 and the suitability of south west Western 
Australia for an industrial scale storage project.

As we move into 2013, continued research remains 
essential to push the boundaries of knowledge which 
will underpin Australia’s technological lead in mining 
and the resource industries. The recent de-risking of oil 
exploration in the northern Perth Basin is a good example 
of how innovative work on resource exploration activities 
continues to support our competitive edge. The dedicated 
staff at ARRC are at the forefront of providing this 
important advantage to the resource industry in this State 
and their efforts and ingenuity will continue to underpin 
our growth.



4 ARRC Industry and Research Report 2012

Major Projects
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national Geosequestration Laboratory
The National Geosequestration Laboratory (NGL) was 
officially launched by the Federal Minister for Science 
and Research, Senator Chris Evans, 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 

CO2 geological storage.

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 CO2 Geosequestration Hub project in the 
shires of Waroona and Harvey. 

The NGL is supported by $48.4 million in funding from the 
Australian Government through the Education Investment 
Fund (EIF) as part of the Federal Government’s Carbon 
Capture and Storage Flagships program.

The NGL is a collaboration between CSIRO, The 
University of Western Australia (UWA) and Curtin 
University. The NGL collaboration complements and 
builds on the successes of the Western Australian Energy 
Research Alliance, a joint venture between CSIRO, Curtin 
University and UWA, as well as the partnership with the 
Western Australian Department of Mines and Petroleum 
who lead the pre-competitive phase of the South West 
Hub project.

The funding will allow 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 of these building projects are 
currently in the detailed design phase, with construction 
intended to begin before June 2013. The NGL is also 
building capability through investing in specialist scientific 
laboratory and field equipment, to a total of $48.4 
million, excluding any in-kind to be provided by the three 
institutions over the course of the project.

Specific equipment includes true triaxial geomechanical 
stress cells in Curtin’s Department of Petroleum Engineering. 
This equipment will enable NGL to investigate the flooding 
of rock pores with supercritical CO2 under true stress 
conditions, to identify the effects of high horizontal stress 
changes during CO2 injection. The Curtin Department 
has also commissioned a world-leading micro-computed 
tomography laboratory, to allow measurement of multi-
phase flow through storage rock at sub-micron resolution in 
three dimensions at high temperature and pressure.

Large acquisitions planned for 2013 include geophysical 
logging trucks to enable consistent 4D seismic surveys to 
monitor CO2 movement underground, custom-built reactors, 
and a range of 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 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 or stability 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 publicly 
perceived as a relatively new and untested technology for 
CO2 storage.

Given the significant ramp-up in activity since its launch in 
September, the NGL aims to be a leader in active carbon 
storage research, thanks to the new facilities, by the end of 
2014.

CsIRo Geothermal project
Geothermal resources have huge potential to contribute to 
the supply of reliable, low-emission, environmentally friendly 
energy in Australia and around the world.

The CSIRO Geothermal Project aims to develop the 
technologies and knowledge needed to demonstrate 
the viability of geothermal energy in Australia. As part of 
the Sustainable Energy for the Square Kilometre Array 
(SESKA) project supported by the Department of Industry, 
Innovation, Science, Research and Tertiary Education 
(DIISRTE) through the Federal Government’s Education 
Investment Fund (EIF) initiative, the project aims to deliver 
a geothermal solution for  cooling the new Pawsey Centre 
supercomputer, as well as laying the foundations for 
potentially air-conditioning both the ARRC facility and the 
Pawsey Centre.
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The scope of the project changed during the 2011–2012 
financial year, with a redesign of the Pawsey Centre 
supercomputer to use a water-cooled rather than an air-
cooled system. This prompted an initiative to develop a 
geothermal cooling system known as groundwater cooling. 
This system works by pumping cool water from a shallow 
aquifer through an above-ground heat exchanger to cool 
the supercomputer, and then reinjecting the now heated 
water back into the same aquifer, slightly downstream, 
resulting in no net loss of groundwater.  

A feasibility study was conducted in 2011 when one well 
was drilled approximately 150 m down into the Mullaloo 
aquifer beneath the ARRC precinct. This confirmed that 
groundwater at a constant temperature of around 20°C 
was present in a large and permeable reservoir, and 
could be pumped at a flow of more than 20 litres per 
second. Drilling for the  groundwater cooling production 
system commenced in early 2013, with a system of 
two production wells feeding 20°C groundwater to the 
supercomputer heat exchanger, and two injection wells 
returning 30°C water to the aquifer to be completed in 
time for the opening of the Pawsey Centre in July 2013. 
Well separation distance, flow rate and temperature 

difference are the key design parameters for a successful 
groundwater cooling system.

This will be the first time groundwater cooling has been 
used on this scale in metropolitan Australia.  CSIRO 
estimates that using groundwater cooling instead of 
conventional cooling towers will save approximately 38.5 
million litres of drinking water every year. The technology 
concept has the potential to replace cooling towers in 
commercial and residential buildings all over Perth, which 
would be a significant milestone in establishing Perth as 
one of the world’s first geothermally cooled cities.

It is estimated that using  
groundwater cooling instead of 

conventional cooling towers  
will save approximately  

38.5 million litres of  
drinking water every year. 

The second stage of the CSIRO Geothermal Project still 
plans to drill a 3 km deep exploration well to assess the 
geothermal resource contained in the deeper, hotter 
sedimentary aquifers beneath the ARRC facility. Through 
gathering data on the permeability and porosity of the 
rocks, the volume of water, and the temperature and 
chemistry of the water at depth, CSIRO will be able 
to determine whether the aquifer can support a direct 
heat geothermal production system. Water at more than 
70°C must be produced at an adequate flow rate for 
a successful system. Drilling for the exploration well is 
scheduled to commence in the third or fourth quarter of 
2013, and if the results obtained are favourable, the well 
will be completed as one half of a geothermal production 
system.  Geothermal energy can be used to provide 
direct heating and cooling (using innovative but proven 
sorption chiller technologies) without the need to convert Confining beds

Superficial Aquifer

Mullaloo Aquifer

Surface

30°20°

Injection
depth 100 m
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the heat into electricity. This would be a significant step 
towards realising the goal of cooling the ARRC facility using 
geothermal energy.  

Currently there are no geothermal production systems in 
place in Perth at depths of greater than 1 km. As one of 
Australia’s largest geothermal exploration sites, the project 
promises to make an enormous contribution towards 
geothermal research, and if successful, will also showcase 
the huge potential of the Perth Basin’s geothermal 
resources.

national Resource sciences precinct
The notion of Perth becoming a recognised resources 
“hub” crystallised in CSIRO’s national strategy for 
2011–2015, which identified Perth as one of only five 
research precincts of global standing and scale in Australia 
for CSIRO to promote and support. This concept builds 
on a strong foundation dating back 10 years with the 
establishment of ARRC, the strengthening of resource 
sciences capability at The University of Western Australia 
(UWA) and Curtin University,  and several other initiatives.  

2012 has seen the conceptual establishment of the 
National Resource Sciences Precinct (NRSP), centred 
on existing sites within a 6 km radius at ARRC, 
Curtin University’s Resources and Chemistry Precinct 
(incorporating the Western Australian Government’s 
Chemistry Centre), CSIRO’s Australian Minerals Research 
Centre (AMRC) and UWA.  As it currently stands, the 
NRSP hosts over 900 research staff addressing the future 
needs of the global resources industries, supported by 
over $700 million of research infrastructure. It is already 
a highly collaborative local research and development 
community, with enduring and succesful collaborative 
ventures such as the Western Australian Energy Research 
Alliance (WA:ERA) and iVEC providing successful models 
that could be emulated at a larger scale within the Precinct. 
The NRSP is also the current focus of over $200 million of 
new national infrastructure investment in supercomputing 
(the Pawsey Centre), oceans research (Indian Ocean 
Marine Research Centre), CO2 sequestration (the National 
Geosequestration Laboratory) and geothermal energy 
(the CSIRO Geothermal Project).

A steering committee for the NRSP convened for the 
first time in May 2012, with representation from the 
Vice Chancellors of UWA and Curtin University, the 
Western Australian Government, and chaired by Dr Tom 
Hatton, Group Executive, Energy, CSIRO. The committee 
has agreed to terms of reference, and has been working 
on a value proposition for the Precinct to gain support 
from industry, governments and the research community. 
A shared science vision is also being developed, to help 
drive joint capability planning and investment within and 
between Precinct partners.

The NRSP aims to build world class capability, as a vibrant 
research hub providing industry and government with 
a one-stop-shop for technology, education and training. 
A priority area is to develop the very best (genuinely 
world-class) human capability, primarily through joint 
appointments betwen the Foundation Research Partners, 
while retaining and growing existing world class capability. 
State-of-the-art facilities will also be targeted through the 
Science and Industry Endowment Fund (SIEF) Research 
Infrastructure Program, to support the human capability.

2013 will be the year when this concept becomes 
a reality; with plans in place to include industry and 
additional government representation on the Steering 
Committee, appoint an Independent Chair, and implement 
a governance structure that recognises and supports 
institutional independence and existing collaborative 
ventures. Tangible outputs will include submitting a 
SIEF infrastructure proposal and commencing formal 
recruitment activities for two high-level joint appointments 
in areas informed by the Precinct science vision.  

These are all early steps along the path to realise the 
current vision for the NRSP, to become the “focus of 
Australian resource sciences involving researchers and 
students from CSIRO, Curtin University, The University of 
Western Australia, the Western Australian Government, 
industry and others.” 

“The Precinct will be  
internationally recognised  
as a leading minerals and  

energy research and  
development centre and  
a key influencer globally.” 
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pawsey Centre progress
As part of its Super Science Initiative, the Australian 
Government allocated $80 million to the development 
of a petascale supercomputing facility in Perth in May 
2009. The Pawsey Centre is now becoming a reality, with 
the building contract signed in December 2011 and 
construction beginning in January 2012. The building is 
located on CSIRO-owned land adjacent to the ARRC 
facility, with the infrastructure owned and maintained by 
CSIRO, and iVEC charged with design, development and 
ongoing management of the facilities.

The supercomputing facilities will be used by researchers 
in fields such as radio astronomy, geosciences, and 
data-intensive computational communities such as 
nanotechnology, biotechnology and geoinformatics; 
it will also be available for merit-selected projects by 
researchers across Australia. In particular it will support 
the computational and data processing requirements of 
the Australian Square Kilometre Array Pathfinder (ASKAP) 
and Murchison Widefield Array (MWA) radio telescopes, 
Australia’s two Square Kilometre Array (SKA) pathfinder 
projects.

The building itself has successfully progressed from design 
through to construction. The 1,030 m2 computer hall has 
reached lock up, and the building, mechanical and electrical 
fitout is progressing.  Practical completion of the Pawsey 
building is scheduled for April 2013, and is currently both 
on time and on budget.

Plans for the supercomputer itself began with the 
construction of two pathfinder systems: the 100 teraflop 
‘Epic’ system at iVEC@Murdoch, deployed in July 2011, and 
the 50 teraflop graphic processing unit-accelerated cluster 
‘Fornax’ at iVEC@UWA a year later in July 2012. These 

systems have been used to establish proof of concept and 
utility, establish awareness and capability in the research 
community, as well as to provide ongoing computational 
services, and are both now operating at close to full 
utilisation. Equally, both pathfinders have helped determine 
the needs of the research community, feeding into the 
design of the petascale computer at the Pawsey Centre.

Detailed design of the supercomputer and its subsystems 
was completed in December 2012, and vendors have 
been contracted. The installation of the supercomputer 
will occur in two phases, with phase one scheduled for 
completion in July 2013. Phase one comprises a 300 
teraflop Cray system, the XC30, which has two parts: a 
200 teraflop real time computer for processing ASKAP 
data  in particular, and a general-purpose 100 teraflop 
system, available to the national scientific community for 
various research goals, as well as to work on the data 
products that come from the ASKAP analysis. This phase 
also includes  access to international petascale systems so 
that researchers can gain experience in scaling their codes 
to that level, prior to the arrival of the phase two system at 
the Pawsey Centre in 2014.

The other significant component is data storage. 
The Pawsey Centre distinguishes itself from other 
supercomputing  systems in Australia in being extremely 
data intensive, in addition to being computationally 
intensive. A hierarchical storage management system will 
be supplied by SGI, sized to manage 100 petabytes of 
storage. The tape library (40 petabytes in capacity initially, 
with a good old-fashioned tape robot) will be supplied by 
Spectralogic, and will be fronted with about six petabytes 
of disc cache. This combination provides instant access to 
frequently-used data on disc, and near-real time access (20 
seconds until data streaming from tape starts) to less-used 
data, while minimising the overall energy requirements for 
the storage system. 80–90 per cent of the storage capacity 
is earmarked for data generated by radio astronomy.

There will also be a host of data analysis engines and 
visualisation servers installed, allowing users to work with 
the data, and most importantly, a network to move data 
between all of these various components. The low-latency 
Infiniband protocol has been chosen for data movement 
amongst storage and computer systems within the Pawsey 
Centre, and data will move into and out of the Centre 
over a multi-10 gigabit Ethernet infrastructure supplied by 
Cisco Systems, accommodating a 50 gigabit per second 
feed coming down from the Murchison Radio-astronomy 
Observatory.
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Phase one is expected to be functional by July 2013, and 
early adopters of the facilities such as ASKAP and the 
MWA will commence real time data processing by late 
July or early August 2013. The goal is to render the phase 
one system operational and available to the research 
community in Q3 2013.

Phase two will see the supercomputer expanded to a total 
performance of 1.2 petaflops, and 80 petabytes of storage 
by June 2014.

The ridiculously large numbers associated with 
‘superscience’ projects often detract from the enormous 
efforts being made at a personal scale. It is something 
of a reality check to consider that the iVEC  team who 
have been planning,  designing and developing this 
world-class supercomputer have at the same time been 
maintaining the Epic and Fornax pathfinder computers and 
iVEC’s petascale data store, and helping to develop the 
research community who will ultimately benefit from this 
infrastructure. It has been (and in 2013 will continue to be) 
a multitasking effort worthy of a supercomputer. 

Above. The space underneath the supercomputer will 
house the networking, mechanical and electrical services to 
the supercomputer, which will be housed in the 1030 m2 
computer hall. 
Top right. Observation windows in the foyer. 
Centre right. View of the “whitespace’ from the Control room. 
Bottom right. Control room.
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Research Highlights - Mineral Exploration

Dr Megan Clark speaks at the ASTER launch, with Dr Rob 
Green, NASA JPL and head of the US satellite Hyspiri mission.  
Photo by Kaylene Biggs. 
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Geoscience Australia). The ASTER maps are already 
changing the way geoscientists look for mineral deposits, 
providing an unprecedented level of characterisation and 
undersanding of the Nation’s  geology from the continent 
(1:2,500,000) down to the mineral prospect (1:50,000) 
scale. Explorers can conduct a Google-like ‘zoom’ from 
a space view down to checking the mineralogy exposed 
in open pit mines. Geoscientists  have never before had 
access to this scale and type of mineral information, which 
can be used to better characterise the complex regolith 
that blankets much of Australia, as well as reveal mineral 
alteration footprints to economic mineral and energy 
systems.    

The maps have already led to a new gold discovery by 
Kentor Gold in a greenfields area northeast of Alice 
Springs. Their subsequent ground sampling identified “a lot 
of good copper, a couple of good gold assays and possibly 
lead and silver”. This early success with the ASTER maps 
led to C3DMM being awarded the Australian Mining 
Journal’s “Explorer of the Year” in November 2012.

Given continuing support, these ‘Version 1’ ASTER 
products can be further improved to reduce vegetation 
and instrument noise effects. There is also international 
interest to extend this mapping globally, especially as 
this mineral information also has signifcant potential for 
environmental  applications, such as tracking the process 
of “desertification” where the exposed agriculturally-
productive clay component of soils is lost to erosion.

AsteR map
A 20 year research committment has come to spectacular 
fruition with the release in August 2012 of the world’s 
largest satellite-generated geosciences map of Western 
Australia. The public release  of the ASTER (Advanced 
Spaceborne Thermal Emission and Reflection Radiometer) 
satellite geoscience maps of Australia represents a 
successful collaboration.  The project led by CSIRO, 
involved scientists from the National Aeronautics and 
Space Administration (NASA), the US Geological 
Survey, Japan Space Systems (JSS) and Australia. From an 
involvement in its inception to the launch of the world’s 
first geosciences/geomineral mapping Earth observation 
satellite system ten years ago (an effort spearheaded by 
the JSS with their ASTER imaging instrument, and NASA 
with their TERRA satellite), ARRC scientists have been a 
pivotal part of the international science team.

In 2009 the CSIRO-led Western Australian Centre of 
Excellence for 3D Mineral Mapping (C3DMM), part of 
the Minerals Down Under Flagship at ARRC,  secured the 
complete ASTER data archive of Australia and developed 
the methods and software required to process the 
thousands of raw satellite scenes. It also harnessed the 
critical support of Geoscience Australia, the State and 
Territory Geological Surveys, AuScope, iVEC and National 
Computational Infrastructure (NCI).  

C3DMM scientists have taken the raw ASTER data (14 
spectral bands spanning wavelengths sensitive to major 
rock-forming minerals), each image covering a 60 × 60 
km area with individual pixel elements ranging from 15 
to 90 m, and transformed it into a suite of 17 national 
mineral group mosaics. These mosaics are sourced from 
approximately 35,000 individual ASTER scenes, with 
around 3,500 used in each final geoscience product. These 
maps are digitally available to the public from the  AuScope 
Discovery Portal (http://portal.auscope.org/portal/gmap.
html), the C3DMM webpage (http://c3dmm.csiro.au/) and 
Geoscience Australia (http://www.ga.gov.au/aster-viewer).  

The ASTER Geosciences Map of 
Australia represents the world’s  
first continent-scale maps of the 

Earth’s surface mineralogy, 

and was officially launched at the 34th International 
Geological Congress in Brisbane in August 2012 by Dr 
Megan Clark (CEO CSIRO) and Dr Chris Pigram (CEO 

The ASTER launch. From left to right, Dr Rob Hough, CSIRO 
Discovery Theme Leader, Dr Chris Pigram, CEO, Geoscience 
Australia, Dr Megan Clark, Chief Executive, CSIRO, Dr Tom Cudahy, 
CSIRO, Director, Centre for 3D Mineral mapping, Mr Jonathan Law, 
Director, CSIRO Minerals Down Under Flagship, Dr Rob Green, 
NASA JPL and head of the US satellite Hyspiri mission.  
Photo by Kaylene Biggs.
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year research effort, each research strand will substantially 
inform and direct subsequent activities in the others.

By working closely with CSIRO’s Minerals Down 
Under National Research Flagship and harnessing the 
multidisciplinary expertise of a large network of leading 
geochemists, researchers in the Cluster are effectively 
hoping to develop a new scientific sub-discipline, the 
organic geochemistry of mineral systems, and begin to 
address the gaps in our traditional knowledge of mineral 
deposition.

spatial Information services stack

From little things, big things grow...

The AuScope Grid project, begun in 2008, aimed to 
make numerous nationally-distributed datasets and high 
performance computing resources more easily accessible. 
This was achieved by developing open source software 
solutions conformant with open standards that significantly 
simplify data exchange when accessing similar data from 
multiple organisations.  

The Spatial Information Services Stack (SISS) was 
developed as a complete information services architecture 
to enable interoperable data exchange within and between 
organisations. The architecture included services to enable 
data interoperability, information standards and governance. 
Consistency between data formats was achieved by 
translating information into standardised formats for 
exchange, without altering any of the underlying databases.   

SISS, in its initial form, was completed in June 2011 and 
deployed to support State geological surveys in managing, 
integrating and utilising their borehole data, hyperspectral 
data, geothermal data, geodesy/global positioning system 
(GPS) data, geophysical data and more. It soon became 
integral to supplying information to the AuScope Portal, 
the Minerals Down Under Flagship Portal, the Desktop 
Modelling Toolkit and the Virtual Rock Laboratory, assisting 
the progression of numerous research projects.

As SISS was based on international geoinformatics 
standards, the architecture and technology is not specific 
to the geological sciences. During the course of its 
development and deployment, opportunities arose 

CsIRo minerals systems cluster launched 
Ore deposits are of value because of the minerals in 
them, which is why they have traditionally been identified, 
studied, and ultimately extracted and processed by 
scientists with a background in inorganic chemistry or 
inorganic geochemistry. But knowledge of the minerals 
isn’t the whole picture. There are often organic materials 
associated with mineral systems, which may well have 
played a part in the original fluid transportation and 
deposition of mineralisation, and which may also affect a 
deposit’s subsequent processing characteristics. Ignoring 
this organic material (the rest of the picture) may be 
squandering a valuable opportunity to learn more about 
metal movement in the environment and ore deposition, 
which in turn may provide new opportunities to identify 
and develop ore deposits.

In a deliberate attempt to start looking at the entire 
picture, the CSIRO Organic Geochemistry of Mineral 
Systems Cluster was officially launched in March 2012 at 
Curtin University’s Resources and Chemistry Precinct. 
The Cluster combines $3 million in funding from the 
CSIRO National Research Flagships Collaboration Fund 
with a matching in-kind contribution from lead institution 
Curtin University, The University of Western Australia, 
The University of Melbourne and The Australian National 
University. Led by Professor Kliti Grice, Director of the 
Western Australian Organic and Isotope Geochemistry 
Centre at Curtin, it brings together scientists with local 
mineral system knowledge and those with organic and 
stable isotope geochemical expertise. It aims to improve 
our understanding of the crucial role played by organic 
compounds and processes in the formation of Australia’s 
major mineral deposits, eventually providing additional 
tools and technologies to assist Australia’s mineral 
explorers.

There are three inter-related research strands within the 
Cluster. A predominantly experimental effort is developing 
analytical techniques for analysing the organic materials 
associated with ore deposits, both developing new 
technologies and adapting others from the oil and gas 
sector. A second effort is focused on collecting reference 
samples and characterising a number of Australian mineral 
deposits with respect to their organic content. The third 
focus is on extending the theoretical understanding of 
mixed organic/inorganic systems, by developing databases 
of thermodynamic data for organic chemical reactions 
associated with ore deposition, addressing the fundamental 
gaps in historical databases. Over the course of the three-
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to apply SISS to other realms of science. Additional 
investment from the Australian National Data Service, 
through the Australian Spatial Research Data Commons 
project, allowed deployment of the SISS to additional 
domains, starting with meteorological data, water and 
groundwater data, satellite data, sociodemographic data 
and landslide information. The SISS is now being used 
by four flagships within CSIRO (Minerals Down Under 
(MDU), Water for a Healthy Country (WfHC), Wealth 
from Oceans (WfO), and Digital Productivity and Services 
(DPS)), State government departments, the Bureau of 
Meteorology, Geoscience Australia and numerious National 
Collaborative Research Infrastructure Strategy (NCRIS) 
groups, all exposing their data via SISS and open standards.

With the announcement of the National eResearch 
Collaboration Tools and Resources (NeCTAR) initiative in 
October 2011, CSIRO’s SISS team were funded to develop 
the Virtual Geophysics Laboratory (VGL) (vgl.auscope.
org and www.seegrid.csiro.au/wiki/NeCTARProjects/
WebHome). The VGL is a scientific workflow portal that 
provides geophysicists with an environment to access data 

delivered by SISS and workflow tools exploiting Cloud 
computing technology to process it.

Since then, the applicability and adoption of SISS has 
continued to grow, with it now extending into multiple 
different science domains, and deployed with over 
24 organisations across Australia, and increasingly 
internationally. It has recently also moved into the social 
protection and disaster management domains, becoming 
the foundation platform for the Spatial Identifier Reference 
Framework (SIRF) part of a global UN initiative (UNSDI). 
SIRF will be used by the Indonesian and Australian 
governments  to manage and deliver spatial identifiers 
for places that will in turn enable rapid integration and 
use of spatial and statistical information to support social 
protection and disaster interventions. The delivery of social 
assistance and disaster response services will be greatly 
improved if appropriate information infrastructure is 
available, to arm decision-makers with the information they 
need to provide assistance when and where it is needed 
most.
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This CSIRO project, based on 
ten years of research and four 
years of specific development 
and engineering, has now 
well and truly emerged as 
THE platform for spatial data 
interoperability across sectors, 
across Australia and beyond.

And to top 18 months of exponential expansion and uptake, Helen Owens, the General Manager of the Office of Spatial 
Policy, announced in November 2012 that SISS principles, practice and reference architecture will now form a key part of 
the Australian Government National Spatial Information Infrastructure and Australian spatial policy, across all jurisdictions of 
government.
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postdoc boom
CSIRO is an institution with an enviably low staff turnover. 
While in many senses this makes for higher stability and 
productivity, it also leads to an ageing staff demographic, 
and only sporadic renewal and replenishment. For 
an organisation focused on new ideas, research and 
innovation, this can sometimes be a problem.  

The Mineral System Science Program within CSIRO Earth 
Science and Resource Engineering (CESRE) is bucking 
the trend by focusing deliberately on postdoctoral fellow 
recruitment, and has had a bumper year with seven new 
appointments in 2012, and two more currently in progress.

Three have been funded by CESRE’s Divisional Capability 
Development Fund, across two different projects. Dr 
Patrick Nadoll and Dr Alistair White are both working 
on a project investigating the distal footprints of giant 
ore deposits, as part of the Uncover initiative with the 
Minerals Down Under Flagship. Dr Manolis Veveakis is 
a geomechanicist who specialises in coupling thermal/
hydro/mechanical/chemical processes, and is applying 
these modelling techniques to several problems, including 
sand production in reservoirs, and geothermal power 
applications.

Two further positions were funded from the Office 
of the Chief Executive (OCE) Postdoctoral Fellowship 
scheme, which is a competitive funding source within 
CSIRO. Dr Mark Pearce is investigating how deformation 
and chemical reactions interact to control the location 
of gold deposits, and Dr Jesse Robertson is modelling 
magma flows in ultramafic and mafic systems, in an effort 
to better understand magmatic ore forming processes. 
Funding has also been secured for a further OCE position, 
with a new appointment likely to start in January 2013 
looking at the links between ore deposits and ancient life, 
by characterising organisms in ancient and modern mineral 
systems.

Two appointments were also made within the Minerals 
Down Under Flagship with a deliberate industry bias. 
Dr Walid Salama joined the established team working 
on AMIRA P778, Predictive geochemistry in areas 
of transported overburden: mechanisms of anomaly 
formation, as a records expert. Dr Steven Hollis is working 
on a joint project with the Geological Survey of Western 
Australia, looking at the prospectivity for copper/zinc 
mineralisation in the Yilgarn Craton.

The final postdoctoral appointment underway for 2012 
(with the appointment likely to start in June 2013) is a 
John Stocker Postdoctoral Fellowship, which is a very 
competitive scheme funded by the Science and Industry 
Endowment Fund (SIEF). The project will be investigating 
the organic and inorganic chemistry of a large, very unusual 
black shale-hosted nickel deposit in China.

These new postdoctoral fellows join a cohort of six other 
postdocs in the program, already partway through their 
appointment or completing it during 2012 (four funded 
by the OCE scheme). The skill set, outlook, energy and 
enthusiasm in the Mineral System Science program is set 
for  continued expansion into 2013. 

From left to right, Steven Hollis, Walid Salama, Alistair White, 
Mark Pearce, Patrick Nadoll, Jesse Robertson, Manolis Veveakis.
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Research Highlights -  
Petroleum Exploration and Production
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Reducing exploration risk in the offshore 
northern perth Basin
CSIRO researchers have collaborated with Geoscience 
Australia to shed new light on the prospectivity of the 
offshore northern Perth Basin, leading to a competitive bid 
for a new acreage release and an industry investment of at 
least $70 million for exploration in the area.

A large section of the northern offshore Perth Basin was 
put back “into circulation” in the Australian government’s 
acreage release at APPEA 2011 (the conference of 
the Australian Petroleum Production and Exploration 
Association). Much of it had been relinquished by Roc 
Oil in 2009 and 2010, after a drilling campaign that failed 
to build on their Cliff Head oilfield discovery. CSIRO had 
previously been working with Roc Oil on oil migration 
and accumulation in the area, and were approached by 
Geoscience Australia to provide some pre-competitive 
data to support the new release of this acreage.

The research project applied several CSIRO-developed 
technologies, including the Grains with Oil Inclusions 
(GOITM), Quantitative Grain Fluorescence (QGF) 
and Molecular Composition of Oil Inclusions (MCI) to 
investigate the charge system of the basin more thoroughly, 
combining over ten years worth of investigations and 
results from both Roc Oil and Geoscience Australia. This 
study showed that (perhaps contrary to expectation), the 
offshore northern Perth Basin has a laterally extensive 
and world-class source rock, with very high total organic 
content ideally suited to oil generation. It also showed that 
oil accumulations had subsequently been lost in about 
80 per cent of the wells analysed. A report of this study 
was released into the public domain at the APPEA 2011 
conference, at the time of the acreage release.

Informed by the results of the charge history study, 
Geoscience Australia and CSIRO then embarked on a 
second pre-competitive study to investigate trap seal 
integrity, to evaluate the risk of compromised traps 
and understand why failed traps were so commonly 
found in the basin. Trap breach is a major exploration 
risk as it causes trapped oil or gas to be lost due to 
fault movements.  Trap integrity modelling provides the 
opportunity to investigate likely causes, and develop a 
framework to assess the risk of leakage for individual 
structural trap styles.  

Through 3D geomechanical modelling it was found that 
fault reactivation was a major cause of trap failure, but also 
explained how some traps – including Roc Oil’s Cliff Head 
oil field – are protected against critical damage caused by 

fault movements, and “preserve” their oil accumulation. By 
identifying the key risk factors that control the preservation 
potential of traps, future explorers could target specific 
trap styles that are not as susceptible to fault reactivation 
and breach.

The results of the study were published in the CSIRO 
report Geomechanical Modelling of Trap Integrity in 
the Northern Offshore Perth Basin, which was made 
publically available online in January 2012. Both CSIRO and 
Geoscience Australia made extensive efforts to publicise 
the results, as competitive bidding for the released acreage 
closed on the 12th April, 2012.

The result of these  
pre-competitive studies  

resulted in a dramatic re-rating of 
the prospectivity of the region.

The combined result of these pre-competitive studies 
provided critical information for potential bidders for 
the acreage, and resulted in a dramatic re-rating of the 
prospectivity of the region. Four companies bid for the 
permit, and it was awarded to a consortium made up 
of Murphy Oil Australia, Kufpec, and Samsung Oil and 
Gas Australia. They have committed to spending at least 
$70 million in the first three years, including three new 
exploration wells.

These types ofintegrated studies can significantly reduce 
the risk for new explorers, allowing them to identify and 
target traps with better styles that are not as susceptible to 
breach. These pre-competitive studies are improving future 
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exploration targets for oil and gas in the basin, and would 
be equally useful in most other basins in Australia.

CSIRO and Geoscience Australia are continuing their 
collaboration, and are currently applying these techniques 
to CO2 containment studies in the south Perth Basin. This 
collaboration intends to continue adding value to the pre-
competitive bidding process, helping to generate private 
exploration investment.

petrobras relationship
The long-standing relationship between CSIRO and 
Brazilian petroleum company Petrobras has been 
further strengthened with the visit of Flávia Falcão, a 
geomechanical reservoir engineer and Petrobras employee, 
spending one year at ARRC. As part of her PhD research, 
she has been working on the Integrated Geomechanics 
and Multiphysics 4D seismic project (IGEM-4D) aligned to 
CSIRO’s Petroleum and Geothermal Research portfolio. 
The multiphysics research team is lead by scientists from 
CSIRO’s rock properties group, and includes physical 
scientists from Curtin University and TheUniversity of 
Western Australia (UWA).

The two year and almost $2 million IGEM-4D project 
is focused on the movement of petroleum in carbonate 
reservoirs, and will be completed in June 2013. Rock 
samples provided by Petrobras from two carbonate 
reservoirs have been thoroughly characterised, in terms of 
their petrophysical and mineralogical properties, through 
high resolution x-ray tomography and by measurement 
of their geophysical responses in the specialist facilities at 
ARRC. Using this data, the team are attempting to upscale 
the hydraulic properties and geomechanical parameters 
for these samples from the small scale accessible in the 
laboratory to a reservoir-sized model. 

Geomechanical upscaling has not been attempted in this 
way before, so the upscaling schemes developed by the 
CSIRO team and an embedded UWA researcher are 
being tested both for accuracy and predictive ability by 
comparison with 4D seismic studies of the real reservoir. 
3D seismic images of the reservoir are taken in a time 
series to give a 4D picture of how the fluids have moved 
through the reservoir over time, and used to compare 
against the theoretical model.

A complementary part of the project, led by Curtin 
University Department of Exploration Geophysics, is 
examining how pressure and fluid changes can affect the 
seismic signal of an area of the reservoir over time. The 
sensitivity of the geophysical response of carbonate to the 

stress field, the saturation of the fluids and the frequency 
of the seismic wave are specific factors under study.

Having Petrobras staff working alongside CSIRO staff 
and colleagues from Curtin and UWA has allowed for 
immediate feedback on day-to-day issues about the 
project’s objectives, and faster discussion and dissemination 
of results, allowing Petrobras much closer involvement in 
the project.  Discussions are also underway to collaborate 
on a range of other projects in the future, including an 
immediate follow up applying the same multiphysics 
technologies to improve exploration success.

shARC, shARC2 and shARpp

The CSIRO Shale Research Centre has been leading 
the highly acclaimed $4.5 million Shale Research Centre 
consortium (SHARC)  investigating links between 
geomechanics, rock physics and petrophysics in shales. 
The project was sponsored by Sinopec, Chevron, 
ConocoPhillips, Statoil, Total, ExxonMobil and BG-Group. 
The project aimed to provide a comprehensive set of 
experimental measurements and develop new models 
for shale behaviour as these rocks cause billions of dollars 
worth of losses to the petroleum industry annually but 
little is known about them.  This study has developed an 
extensive database of shale properties, some of which 
are shown to correlate well and has also successfully 
developed a new unique rock physics model for prediction 
of shale elastic properties. 

Following on from this success, the CSIRO Shale Research 
Centre is developing two new proposals: SHARC2 to 
investigate gas shale physical and mechanical properties in 
relation to composition, microstructure and gas saturation, 
and SHARPP (Shale Rock Physics and Petrophysics) to 
build on the successful development of rock physics 
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models for shales in SHARC to make them more robust 
and take them through to the application stage. The 
$4.5 million SHARC2 project is currently in contract 
negotiations with six industry sponsors and reflects the 
increased interest both in Australia and worldwide in 
gas shale potential. The $4.5 million SHARPP proposal 
is currently being promoted with potential industry 
sponsors. 

Acoustic emission sensors for gas hydrates 
research 
In July 2012 CSIRO created a new Technology Capability 
Platform in Intelligent Processing. One of (now) six 
platforms, it aims to invest in capability development in 
an area that crosses CSIRO, spanning multiple Divisions. 
After a pre-launch conference in May 2012 in Melbourne, 
a request was made for project proposals across CSIRO. 
From a field of 32 strong proposals, five were selected 
and given funding for one-year proof-of-concept projects.

One of the five projects is centred around gas hydrates 
research and the Hytra flow loop at ARRC.  Bringing 
together scientists from CESRE, CSIRO Process Science 
and Engineering (CPSE) and CSIRO Mathematical and 
Information Sciences (CMIS), the one-year project will 
test the applicability of a new acoustic emission sensor 
(developed in CPSE) for the detection of gas hydrates (at 
CESRE). The sensor has the potential to monitor a range 
of in-process phenomena inside pipes and reactors, and 
will be mounted on the Hytra flow loop to determine 
whether it can detect the presence (and potentially 
formation and accumulation) of gas hydrates. Expertise 
from CMIS will be required in data analysis of the sensor 
output, to extract useful information from a noisy 
background.  

A relevant literature search and theoretical assessments 
of the technology application have been completed, 
and a week of experimental data generation with the 
Hytra flow loop iwas completed in March 2013. If the 
initial proof-of-concept results are promising, another 
experimental campaign will be undertaken in mid-2013 
to translate sensor response into meaningful data about 
hydrate formation, concentration or accumulation.

It is a multi-divisional, multi-disciplinary project, bringing 
together scientists who have never worked together 
before to progress an idea with a direct path to 
application and impact. Exactly what the Intelligent 
Processing Transformational Capability Platform is all 
about.

Lab scale high speed drilling rig
Researchers in Curtin’s 
Department of Petroleum 
Engineering have taken 
their True Triaxial Stress 
Cell (TTSC) to another 
level of capability with the 
development of a new 
drilling lid. With the TTSC, 
cubic rock samples to a 
size up to 300 mm can be 
subjected to independent 
stresses in all three planes, 
to the order of 15 MPa 
and a pore pressure of 21 
MPa, to simulate in situ 
field stress conditions. Fluid 
or gas can also be injected 
into a drilled borehole in 
the centre of the sample 
to accurately model 
hydraulic fracturing.

The new drilling lid was 
designed and developed 
to allow study of high 
speed drilling under field 
stress conditions, and 
drilling fluid of any type 
can be circulated in the 
simulated borehole to 
study its effect on drilling 
performance. A significant 
feature of the rig is its 
ultra-high rotation speed: up to 10,000 rpm, allowing the 
simulation of hard rock drilling in tight sandstones. The lid is 
also equipped with torque and drag measurement systems.

The TTSC has already been sucessfully used to perform 
hydraulic fracturing experiments to understand the 
response of tight sandstones and shale gas formations, 
and will provide opportunities to help improve drilling 
efficiency in tight gas formations. In 2013 the drilling lid 
will be used to assist the research program of the Deep 
Exploration Technology CRC (DET CRC) in the Next 
Generation Drilling Technologies program.
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The successful three-year 
partnership gathered  

comprehensive knowledge  
applicable to hydrocarbon 
exploration, CO2 geological  

storage and resource  
management throughout  

Australia.

Completion of CsIRo-VicdpI project
CSIRO and the Victorian Department of Primary 
Industries (DPI), through GeoScience Victoria, have 
recently concluded a successful three-year partnership 
(2009–2012) characterising Victoria’s Gippsland 
Basin through regional geological carbon storage 
evaluations and petroleum systems analysis. CSIRO’s 
research expertise and unique laboratory facilities 
complemented Geoscience Victoria’s comprehensive 
knowledge of the geological framework and extensive 
dataset of the State’s sedimentary basins on the 
multidisciplinary project.  

Together they used a wide range of evaluation 
techniques to better characterise the petroleum 
systems and basin-scale geological carbon storage 
potential of the Gippsland Basin, with the development 
of fully integrated analyses and models. This 
comprehensive resource reduces exploration risk 
and provides extensive data and analysis to stimulate 
exploration for petroleum resources and for CO2 
geological storage sites. The numerical models 
developed can also be used to assess and manage 
multi-use zones within the Gippsland Basin. 

The advanced research technologies and 
methodologies applied to the Gippsland Basin in 
this project (including innovative CSIRO-developed 
technologies such as fluid history analysis, the Grains 
with Oil Inclusions (GOITM) method and 3D 
stratigraphic forward modelling using Sedsim software) 
not only increase our knowledge of this Basin, but 
are equally applicable to hydrocarbon exploration, 
CO2 geological storage and resource management 
throughout Australia.

Discussions for new projects are currently underway, 
which may lead to a new collaborative research 
agreement between the two organisations.

3D model showing oil and gas flow pathways and 
accumulations in the Gippsland Basin.
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Three-dimensional view of the simulated distribution of formation water salinity along four selected cross-sections in the Gippsland 
Basin, Victoria (10x vertical exaggeration). The white line depicts the coastline. 

Geocellular model illustrating the distribution of Vsh in the Gippsland Basin. The model is based on the stockhastic simulation on 
well-derived Vsh from gamma ray logs.  Well data are also illustrated as up-scaled block wells on the model
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Research Highlights -  
Environment and Health
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tracers for Co2 geosequestration
When studying CO2 geosequestration, it is important to 
know exactly how the CO2 plume is moving underground 
as it gets injected, and also when it gets produced (if 
you need to measure the residual saturation in the rock 
formation). In addition to measuring the CO2 directly, 
scientists add tracer chemicals, compounds that are not 
naturally occurring in that environment, as another means 
of tracking the movement of the fluids underground. In the 
assessment of residual saturation of CO2 (CO2 imobilised 
in the rock formation) single-well tests represent a cost-
effective option to test the residual trapping potential of 
the formation. However tracer compounds with different 
affinities for water and CO2, when injected together into 
the formation through a single well and then subsequently 
produced through the same well, typically show minimal 
differences in their proportions on recovery. In contrast, 
in a two-well tracer test, the different tracer compounds 
are injected at one well together but arrive at a second 
well at measurably different times. This difference in arrival 
time and concentration can be used to determine residual 
CO2 saturation. For a single-well residual CO2 test a 
tracer compound is required that mimics the behaviour of 
tracers in a  two-well system: if it can change composition 
and affinities after it has been injected into the geological 
formation, it would enable different arrival times to be 
established on production.   

CSIRO scientists have  
modified a technique originally 
suggested for studying oil fields,  

and adapted it to studying  
CO2 geosequestration, 

using food-grade esters as the chemical tracers. These 
esters hydrolyse under the temperatures and pressures 
found in geological formations, forming their component 
acids and alcohols. On production these compounds have 
different affinities between water and residually trapped 
CO2, and so migrate a different speeds back towards the 
well bore. As these newly formed compounds did not exist 
during injection this effectively mimics a two-well residual 
CO2 saturation test.

To make sense of these tracer measurements, knowledge 
of how the individual tracers partition between the 
various phases present in the geological formation at in 
situ temperature and pressure conditions (water, CO2, 

supercritical CO2) is also required. Unfortunately this data 
is not well documented in the literature, and common 
extrapolations using Henry’s coefficients for compounds 
in water are known to be inadequate for supercritical CO2 
systems.

The research team has been characterising the partition 
coefficients of a range of ester tracers in CO2/water 
systems under geological reservoir conditions, allowing the 
multidisciplinary research team working on the CO2CRC 
Otway geosequestration project to populate their CO2 
migration models with more accurate parameters. This 
has permitted the use of tracers and models to explain 
and more accurately predict the residual saturation of the 
formation. 

This research has created a completely new research 
capability within CSIRO, to the extent that the research 
team filed a provisional patent in November 2009 for 
the concept of using hydrolysing esters as CO2 tracers in 
geosequestration applications. A subsequent decision was 
made to publish rather than protect the technology, and 
two publications have been made in the last 12 months, 
with two more in progress. The tracer technology and 
detailed understandings have now raised interest from 
the Australian National Low Emissions Coal Research 
and Development (ANLEC R&D) program who are 
funding a research project, and with a number of major oil 
companies, with additional projects currently in negotiation.

Finding natural hydrocarbon seeps
Following up on their efforts to help BP monitor the 
leading edge of the Deepwater Horizon oil spill in the Gulf 
of Mexico in 2010, CSIRO’s hydrocarbon sensor team has 
been active in identifying naturally-occuring hydrocarbon 
seeps in the same area during 2011.

As part of a collaborative team working on the Natural 
Resource Damage Assessment (NRDA) process, the 
sensor team was part of a three-vessel multidisciplinary 
survey attempting to map the hydrocarbon “baseline” 
profile in the Gulf of Mexico, given that many areas of the 
seafloor contain naturally-occurring hydrocarbon seeps.

The CSIRO team helped BP prepare the survey plan 
based on existing satellite, geophysical and survey data, 
and between September and November 2011 the CSIRO 
team was part of a three-vessel survey to map the location 
of naturally-occurring hydrocarbon seeps. These seeps 
are only sporadically active, so picking up their episodic 
hydrocarbon emissions requires the combination of a 
range of survey techniques. The CSIRO team on the 
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lead vessel used a range of techniques and technologies 
including acoustic, satellite, radar, information on ocean 
currents and measurements from their hydrocarbon 
sensor array to target locations for further investigation 
by the other two survey vessels. Using target locations 
established by the CSIRO team, the second vessel followed 
behind, performing conventional water column profiling in 
an attempt to detect active plumes in the water column 
in areas of interest. The third vessel deployed a remotely 
operated vehicle (ROV) fitted with video cameras, a 
sensor payload and core sampling capabilities. Once a 
location was targeted, the ROV was deployed to the 
ocean floor to try and find active seeps, and take sensor 
measurements in the water and core samples from the 
ocean floor for later analysis.

Over the two survey periods the team documented 
and studied 79 seep locations, most previously unknown, 
associated with many of the salt domes of the Mississippi 
Canyon. This data will significantly inform the NRDA 
process and considerably expands the knowledge of this 
less-studied part of the Gulf of Mexico.

CSIRO’s hydrocarbon sensor team have used the same 
approach and technology in collaboration with Geoscience 
Australia as an exploratory tool, trying to identify and 
locate natural hydrocarbon seeps in under-developed 
basins. A combined team of scientists and technicians from 
both organisations completed a survey in September 
and October 2011 of the offshore northern Perth Basin, 
covering the continental margin off Western Australia from 
80 km south of Geraldton to 60 km north of Kalbarri, and 
extending up to 110 km from the coast.  

Multibeam swath bathymetry and sub-bottom profiler data 
was combined with sidescan sonar to map the morphology 
of the seabed and the structure of shallow sediments. 
This map was then overlaid with measurements from the 
hydrocarbon sensor array and water column hydroacoustic 
data to identify potential point sources of hydrocarbons in 
the seawater.

The marine survey highlighted  
the seepage potential of the  
offshore northern Perth basin 
and may eventually lead to a 

reassessment of the petroleum 
prospectivity for this area. 

This survey provided nine targets for study with a ROV, 
which aquired many hours of underwater video footage, 
71 sediment grabs and 28 gravity cores, which will be 
analysed for head-space gas and high molecular weight 
biomarkers.

The combined efforts of this multidisciplinary CSIRO and 
Geoscience Australia team have highlighted the seepage 
potential of the northernmost part of the study area, 
with evidence of recent faulting, amplitude anomalies in 
the shallow strata and raised, high-backscatter regions 
on the seabed. A series of hydroacoustic flares were also 
identified, which may represent bubbles rising through the 
water column. Video footage of what appears to be oil that 
may have naturally seeped from the seabed was recorded 
at a depth of 500 m in the vicinity by the Geoscience 
Australia team. Sediment and biological samples from 
this area are currently being analysed, and may provide 
supporting evidence for this interpretation.

This preliminary assessment of natural oil seepage may 
eventually lead to a reassessment of the petroleum 
prospectivity for this area.

Co2CRC otway project
Stage One of the CO2CRC Otway project saw the 
injection of 65,445 t of naturally occuring CO2/methane 
(CH4) into a depleted gas field in Victoria’s Otway Basin 
between March 2008 and August 2009. The project’s 
objective was to be a pathfinder for Carbon Capture 
and Storage (CCS) in Australia, developing a range 
of techniques for monitoring storage, and setting an 
international example of transparency and accountability.

Key findings from Stage One, to which CSIRO researchers 
made a major contribution, were published by Jenkins 
et al. (2012) as “Safe storage and effective monitoring 
of CO2 in depleted gas fields” in the high impact journal 
Proceedings of the National Academy of Sciences USA, 
and demonstrated for the first time that depleted gas fields 
can be used to store significant amounts of CO2. The study 
also included the world’s first measurement of storage 
efficiency for CO2 storage, which adds weight to the 
conclusion that depleted gas fields have enough storage 
capacity to make a significant contribution to reducing 
global emissions.

Importantly, Stage One explored a comprehensive suite of 
monitoring techniques to show that the necessary degree 
confidence in potential leak detection is possible. Although 
it is not logically possible to demonstrate no leakage, 
the team showed how to quantify the non-detection of 
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anomalies and the detection limits of the technologies 
available, demonstrating that undesirable levels of CO2 
leakage could be detected in large-scale storage projects. 
It is particularly important for acceptance of these projects 
to demonstrate that monitoring techniques are practical 
and quantitatively adequate to ensure safety, and protect 
financial and physical assets.

Stage Two of the Otway Project is now underway, 
researching geological carbon storage in saline aquifers. This 
included drilling a new well and defining key factors for 
estimating storage capacity through residual gas saturation 
and dissolution tests. The new well was instrumented with 
state-of-the-art technologies and sensors, and in July and 
August 2011 a 90-day test sequence was undertaken 
involving more than 30 scientists from Australia’s leading 
research institutions and partners overseas. The test 
sequence included hydraulic pressure tests, organic and 
noble gas tracer tests, thermal tests, reservoir saturation 
tests, and a CO2 dissolution test.  

The test sequence was successfully completed in 
September 2011, with final interpretation of the data 
expected for 2012–2013. The impact of this experiment 
is not only to provide a new understanding of residual gas 
saturation of CO2 in saline aquifers, but also to provide 
a novel experimental design for characterising CO2 
reservoirs using a single well. This concept can easily be 
adopted by other CCS projects worldwide.

The next major experiment in Stage Two aims to test 
the seismic detection limits of CO2 in saline aquifers 
by modelling, injection of 10,000–30,000 t of CO2 into 
the formation and by seismic monitoring of the plume 
evolution until it has stabilised. Intensive modelling to test 
the feasibility of the experiment was undertaken during 
2012, along with a field trial in June 2012 to determine 
the optimal equipment and its configuration for the full 
experiment.

Over the last 18 months the CO2CRC Otway project 
has attracted a great deal of international attention, and 
has firmly positioned itself as one of the most significant 
carbon storage research projects in the world.
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safeguarding Western Australian drinking water quality
Oxyanions such as perchlorate, chlorate, chlorite and bromate may be 
produced in certain water disinfection processes and are considered 
to be of possible concern in terms of their impact on human and 
environmental health, with many now listed in the draft Australian 
Drinking Water Guidelines. Oxyanion concentrations have traditionally 
been measured using single dimension ion chromatography. Unfortunately 
the sensitivity of this technique in certain water matrices is around the 
same level as the guideline values for some oxyanions, making detecting 
risk- or near-risk concentrations difficult to impossible.

The National Measurement Institute (NMI) laboratory at ARRC 
submitted a successful Summer Student Scholarship project proposal 
to Water Quality Research Australia (WQRA), and engaged Curtin 
University student Mr Matthew Townsend in partnership with the Water 
Corporation (WA) to investigate the measurement of oxyanions in 
drinking water using two-dimensional ion chromatography (2D-IC).  2D-
IC offers the opportunity to obtain much lower detection limits, but the 
extent of potential improvements for drinking and recycled water analysis 
is best tested using real samples with complex matrices.

Between November 2011 and February 2012, Matthew investigated the 
measurement and detection of oxyanions using a new 2D-IC at the NMI, 
and developed a method that is capable of detection limits around one 
fortieth of current methodologies. This new world-class methodology 
for detecting toxic oxyanions in drinking and recycled waters has now 
been validated, and is offered as a commercial service by the NMI. The 
improved method will allow researchers and water managers to have 
a better understanding of the concentration and environmental fate of 
oxyanions during water treatment, processing and distribution.

Matthew and his supervisor, Mr Geoff Firns, senior scientist at NMI, 
presented the findings at the WQRA Student Conference held in 
Melbourne in February 2012, with Matthew’s paper winning the Summer 
Student Presentation Award for the best research project in Australia. 
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plant will test the desalination plant in the southern part of 
the Perth Basin in collaboration with UWA.

Although ending with the cessation of Australia’s Centres 
of Excellence program, WAGCoE was instrumental in 
building the national Geothermal Research Initiative 
(GRI), and has been the catalyst to stimulate, accelerate 
and position research capability in Western Australia and 
nationally in geothermal energy, with the development 
of a number of demonstration projects. WAGCoE’s core 
partners have agreed to continue to collaborate in this 
field of research and build on these demonstrators, with an 
ongoing commitment to the GRI.

Perth has been identified as  
one of the top ten “geothermal 

cities” of the world.

Authors:

T. Poulet and S. Corbel

February 2012

Perth Basin Assessment Program

Project 1:  

WAGCoE dAtA CAtAloGuE

Authors:
N. E. Timms, S. Corbel, H. Olierook, P. G. Wilkes,  

C. Delle Piane, H. A. Sheldon, R. Alix,  
F. G. Horowitz, M. E. J. Wilson, K. A. Evans,  

C. Griffiths, L. Stütenbecker, S. Israni, P. J. Hamilton,  

L. Esteban, P. Cope, C. Evans, L. Pimienta, C. Dyt,  

X. Huang, J. Hopkins, and D. ChampionOctober 2012

Project 2:  geomodel

Perth Basin Assessment Program

Authors:

L. B. Reid, S. Corbel, T. Poulet,  

L. P. Ricard, O. Schilling,  

H. A. Sheldon and J. F. Wellmann 

March 2012

Project 3:  
HydrotHermal modelling in 

tHe PertH Basin,  

Western australia 

Perth Basin Assessment Program

Authors:L. P. Ricard, M. G. Trefry, L. B. Reid,  

S. Corbel, L. Esteban, J.-B. Chanu,  

P. G. Wilkes, G. B. Douglas, A. H. Kaksonen,  

D. R. Lester, G. P. Metcalfe, L. Pimienta,  

S. Gutbrodt, S. Tressler, G. Bloomfield,  

C. Evans and K. Regenauer-LiebMay 2012

Project 4:  Productivity and 
SuStainability of low-

temPerature Geothermal 

resources 

Perth Basin Assessment Program

Author:

M. G. Trefry 

October 2012

Final Report:  

InvestIgatIng sedImentaRy 

geotheRmal ResouRces In 

WesteRn austRalIa

Perth Basin Assessment Program

WAGCoe achievements
The Western Australian Geothermal Centre of Excellence 
(WAGCoE) (2009–2012) was the first Australian Centre 
of Excellence established to lead the exploration and 
exploitation of geothermal energy in contemporary society. 
An unincorporated joint venture between The University 
of Western Australia (UWA), CSIRO and Curtin University, 
it targeted the hot sedimentary aquifers underlying Perth 
as a low-emission energy source.

During its three-year life, WAGCoE had a significant 
impact. The sustainable CSIRO Geothermal Project aims 
to develop Australia’s largest direct-use geothermal 
demonstration site at ARRC, using geothermal energy 
not only to heat, but also to cool.  The project will 
deliver a geothermal solution to cool the Pawsey Centre 
supercomputer with groundwater extracted from a low-
temperature geothermal source, the Mullaloo aquifer. 
The warmed groundwater is then re-injected back into 
the aquifer. The system will become operational in August 
2013.

Phase two of the project will 
drill an exploration well to a 
depth of around 3 km into the 
hot sedimentary aquifer in 2013, 
to determine whether it has 
the necessary permeability and 
water temperatures to sustain a 
geothermal production system. If the 
results from the exploration well are 
positive, CSIRO hopes to develop 
a direct-use production system to 
meet the heating and cooling needs 
of the ARRC facility. This will be the 
first commercial demonstration 
combining a sorption chiller system 
with a geothermal energy source.

As a result of WAGCoE’s intention 
to demonstrate geothermal 
cooling at a commercial scale, the 
Geothermal Energy Association 
(GEA) subsequently identified Perth 
as one of the top ten “geothermal cities” of the world.  

Another WAGCoE patented technology has already been 
demonstrated, using low grade geothermal energy to 
desalinate water. A demonstration plant was constructed 
at the National Centre of Excellence for Desalination in 
Rockingham, and as the first industrial application a refinery 
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ARenA funding for geothermal research
In September 2012 the Government’s Australian 
Renewable Energy Agency (ARENA) announced funding of 
a $1.25 million grant for a project to help realise Australia’s 
geothermal potential. The grant from ARENA’s Emerging 
Renewables Program will contribute to a $3.54 million 
project to better understand and predict the permeability 
of geothermal reservoirs in sedimentary rocks. The study is 
led by the South Australian Centre for Geothermal Energy 
Research at the University of Adelaide, in collaboration 
with CSIRO, Geodynamics Ltd, Panax Geothermal Ltd 
and the South Australian Department of Manufacturing, 
Industry, Trade, Resources and Energy.

Two wells have already been drilled into hot sedimentary 
aquifers in Australia. Although both wells tapped water at 
an appropriate temperature for electricity generation, both 
achieved fluid flow rates significantly lower than expected, 
and insufficient for electricity generation.

This new study aims to understand reservoir quality – 
how easily fluids can be produced from a reservoir –  in 
sedimentary geothermal systems. The study will analyse the 
two existing geothermal wells, and look at the reasons the 
wells performed below expectations, considering drilling 
practices and the underlying properties of the target 
formations.

Potential formation damage as a result of the drilling 
process itself will be assessed. Formation damage can 
occur when drilling muds penetrate into the formation and 
block rock pores, clay materials become mobilised as fluid 
moves into and out of the well, or when chemical reactions 
occur that cause precipitates to block pores. This avenue 
of research will be led by the University of Adelaide and 
aims to develop remediation strategies for the wells if 
appropriate, and recommendations for drilling practices 
to help avoid damage to target formations in future 
geothermal wells.

CSIRO scientists, with their colleagues at the University 
of Adelaide, will be evaluating whether the permeability, 
and therefore reservoir quality, in the two wells is naturally 
low as a result of diagenetic processes. These processes 
are the physical and chemical changes that occur in 
sedimentary rocks as they are buried. The scientists will be 
investigating the cement between the grains and any fluid 
inclusions, particularly with respect to the temperatures 
and pressures the rock has experienced over geological 
time. This will then be correlated with the petrophysical 
properties of the rocks (pore size and pore space, and 
permeability). CSIRO’s component of the project is valued 
at $600,000, with $390,000 over two years from the 
ARENA grant, and is CSIRO’s second biggest geothermal 
project ever.  

ARRC Annual Report 2010-11

Hot water from a sedimentary aquifer at Birdsville, the site of Australia’s only operating geothermal power plant. 
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Through understanding 
whether the low permeability 
is a result of particular 
diagenetic processes, 
and identifying particular 
temperature or pressure 
regimes that may lead to low 
porosity and permeability, the 
team are hoping to develop a 
predictive capability to avoid 
formations with that type of 
diagenetic history, improving 
the chances of finding 
formations in hot sedimentary 
aquifers of higher reservoir 
quality.  

If well permeability and 
hence fluid flow rates can be 
predicted more accurately, 
companies can better 
determine exploration and 
production sites, leading to 
lower costs and risk in the 
geothermal industry. The study 
is expected to be completed 
in September 2014.

CSIRO scientist carrying out research on diagenetic properties of sedimentary rock. 
Photo by Darryl Peroni.
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national eResearch Collaboration tools and 
Resources Research compute Cloud and 
the Research data structure Infrastructure 
storage projects 
The National eResearch Collaboration Tools and Resources 
(NeCTAR) Project and the Research Data Structure 
Infrastructure (RDSI) Project are research infrastructure 
initiatives to develop collaboration infrastructure including 
computation and data storage to support the Australian 
research community. NeCTAR and RDSI are both funded 
by the Australian Government conducted as part of the 
Super Science initiative and financed by the Education 
Investment Fund. The Universities of Melbourne and 
Queensland have been appointed the lead agents for 
NeCTAR and RDSI respectively by the Commonwealth 
of Australia, Department of Industry, Innovation, Science, 
Research and Tertiary Education.

NeCTAR is funding the development of virtual 
laboratories, eResearch tools and research computational 
Cloud infrastructure. These facilities will allow researchers 
to develop collaboration tools, streamline workflows and 
access facilities, irrespective of location. By connecting 
researchers to existing and new research facilities 
and computational tools, NeCTAR will enable more 
collaborative research and new research efficiencies on a 
national scale. Specifically, 

the NeCTAR Research Cloud will 
allow researchers to rapidly  
deploy and host applications  

and tools facilitating  
eResearch across Australia.  

In September 2012, following a nationally competitive 
process, iVEC@Murdoch led the development of a 
Research Cloud proposal that was recommended for 
funding. iVEC is presently engaged in negotiations to 
agree funding arrangements to create an iVEC NeCTAR 
Research Cloud which will be part of the national 
NeCTAR Research Cloud initiative. The NeCTAR Research 
Cloud at iVEC will have approximately 4,000 cores 
which will be able to host multiple easily-accessed virtual 
machines. The iVEC Research Cloud will be available from 
October 2013 as part of the new Pawsey Centre. Until 
then, researchers in Western Australia will be supported 
by iVEC to access Research Cloud facilities in alternative 
locations.

During 2012, following another competitive process, RDSI 
confirmed that iVEC would build a national data storage 
facility in Western Australia. The iVEC RDSI data storage 
node will assist institutions and researchers to effectively 
manage, share and curate research data including data of 
national significance which can be made available for re-use 
by other researchers.

The iVEC RDSI node will provide approximately two 
petabytes of usable disc storage and will be available from 
January 2013, before being expanded when it is moved to 
the Pawsey Centre (expected in August 2013).

At a time when data generation is ever accelerating, these 
investments in data storage capacity and Cloud computing 
will enable researchers in Western Australia and their 
national colleagues to use the eResearch tools available to 
improve collaboration and increase research opportunities.

For further information about eResearch initiatives please 
contact te iVEC eResearch Program Leader, Dr Jenni 
Harrison (jenni@ivec.org).

uptake program development
Creating a supercomputing research facility is only part of 
the solution. To make the most of any new infrastructure, 
users must be aware of the possibilities it provides, and be 
capable of making the most of it. With the development of 
the Pawsey Centre and the extension of iVEC’s capabilities 
(including through eResearch investments made by the 
National eResearch Collaboration Tools and Resources 
(NeCTAR) Project and the Research Data Structure 
Infrastructure (RDSI) Project), iVEC is also concentrating 
on its uptake programs to ensure new and existing users 
are best-placed to make use of these new capabilities.  

The initiative is composed of four programs. The 
Supercomputing Technology and Applications Program 
(STAP), which is based on the expertise of six 
supercomputing specialists, assists intermediate-level users 
to move their workstation-level computational science 
to a supercomputing platform, developing workflows 
to allow them to solve larger problems or reduce the 
computational time required. Staff also work with expert 
users on projects that encapsulate more advanced 
computer challenges, from moving simulation codes to 
bigger machines, to developing the science support for 
new code development. iVEC is hoping to grow the STAP 
team in 2013, with the potential for “themed” STAP staff 
to support the growing radioastronomy and geosciences 
supercomputing communities.
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interfaces and training materials. eResearch activities also 
include support for researchers to use Cloud computing 
and make the most of the NeCTAR Research (compute) 
Cloud initiative. The eResearch program also assists 
researchers with data curation and management, and has 
been instrumental in the development and deployment of 
the RDSI-funded Data Storage Node.

As supercomputing facilities in WA expand into 2013, 
iVEC’s uptake programs are working overtime to make 
sure these investments are used to their fullest potential by 
as wide a range of users as possible.

The STAP program also works closely with the Education 
program to introduce new users to supercomputing. One 
way in which it does this is by running regular training 
courses, ranging from an introduction to supercomputing 
and iVEC, through to basic programming, and instruction 
on the use of specific software packages. There is an 
intent to offer more advanced courses on topics such as 
debugging, optimisation and performance improvement as 
the user base grows.  

Research internships are used to support university 
students to engage in research projects with supervisors 
from the iVEC partner institutions, helping students to 
develop computational skills to enhance their research 
outcomes throughout their careers. Industry internships 
are also available.

The Industry and Government Uptake Program (IGUP) 
is a small but growing activity, designed to help develop a 
very different user community. Many government agencies 
have problems that could benefit from the expertise and 
facilities at iVEC. For example, the WA Department of 
Mines and Petroleum holds a vast collection of drilling 
and survey data from every mining operation in the State, 
but making it available is a challenge. Similarly Landgate 
manage huge amounts of spatial data about town planning 
and land and marine environments which should also 
be made available to a wider user base. IGUP works 
with these departments, and is holding discussions with 
the Department of Commerce, enabling government 
to address their problems with the supercomputing and 
eResearch facilities available.

IGUP also works with small to medium-sized enterprises 
(SMEs) that may benefit from supercomputing, but do 
not have the skills or resources to invest in this area. 
The typical approach is to invest in a short project to 
develop a computing application or showcase a particular 
computation (and output), to determine the benefit 
supercomputing may provide their operation.  Longer-term 
collaborations then require the SME to co-invest in project 
development. Larger companies have also benefited from 
IGUP, using short collaborative projects to determine the 
benefits supercomputing may bring their operations, and 
to determine what expertise and equipment they need to 
invest in, before developing their own customised facilities.

A fourth overarching uptake program is eResearch, 
which aims to develop eResearch tools and technologies 
to support researchers in iVEC partner organisations: 
from determining best practice for data management, 
to developing software for research collaboration, web 
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Visitors
A number of interstate visitors were hosted at ARRC 
over the previous 18 months, with a number of larger 
delegations adding to the continual stream of individual 
visitors.

A senior delegation from the Queensland state 
Government visited in February 2012. Darren Crombie, 
the Deputy Director General, Business Innovation, and 
Mark Lacobs, the General Manager, Science Strategy 
and Capability, Science Policy and Funding, within the 
Queensland Department of Employment, Economic 
Development and Innovation met with Kym Bills, the 
CEO of the Western Australian Energy Research Alliance 
(WA:ERA), Dr Tom Hatton, Director, Wealth from Oceans 
Flagship, and Dr Edson Nakagawa, Director, CSIRO 
Petroleum and Geothermal Research.  

The visitors were particularly interested in ARRC 
experiences in shared research facilities, co-location of 
institutions, collaborative science, strategic initiatives and 
industry engagement, particularly in relation to WA:ERA, 
the National Geosequestration Laboratory (NGL), the 
Western Australian Marine Science Institution (WAMSI) 
and the National Resource Sciences Precinct (NRSP). State, 
university and CSIRO researchers are co-located in several 
locations in Queensland, and opportunities continue to 
arise for large-scale strategic investments into the science 
underpininning management of the Barrier Reef, and 
industry development of the Coal Seam Gas (CSG) and 
Liquified Natural Gas (LNG) industries in Queensland. 
Linkages between recognised strengths in minerals and 
petroleum research in Queensland and the emerging 
NRSP in Perth were also discussed.

Young diplomats from the department of Foreign Affairs 
and trade visited in September 2012. The party of seven 
included a junior diplomat from the Mongolian Ministry of 
Foreign Affairs, a junior diplomat from the Gabon Ministry 
of Forign Affairs, and five graduate trainees from the 
Department of Foreign Affairs and Trade. Dr Chris Yeats, 
Research Program Leader within CSIRO Earth Science and 
Resource Engineering (CESRE), and Dr Rob Hough, Theme 
Leader within the Minerals Down Under (MDU) Flagship, 
gave them an overview of ARRC and the MDU Flagship, 
concentrating on CSIRO’s work supporting Western 
Australia’s mining boom. Discussions concluded with a tour 
of the Rock Mechanics Laboratory, the Gold Collection, 
and iVEC’s 3D mineral map visualisations.

A group of eight visitors from the Australian Coal 
Association  and the department of Resources, energy 

and tourism were in Perth in May to review the South 
West Hub Carbon Capture and Storage (CCS) Flagship 
project. They also visited Dr Linda Stalker at ARRC to 
discuss the relevant supporting research and development 
undertaken at CSIRO, and particularly the plans for 
research expansion through the new NGL. A tour of the 
Rock Mechanics Laboratory and an overview of sensor 
capability rounded out the morning of discussions.

International visitors
A delegation from the Finnish Geological survey visited 
ARRC in February 2012 at the invitation of the Minerals 
Down Under Flagship. As part of their green mining 
initiative they were keen to understand research projects 
and technologies across CSIRO in exploration, mining 
and mineral processing that would be relevant to their 
activities. In addition to discussing potential collaborative 
opportunities and developments with ARRC scientists, staff 
from the Geological Survey of WA and The University of 
Western Australia, delegates were also given an overview 
of the Advanced Spaceborne Thermal Emission and 
Reflection (ASTER) map, iVEC activities and exploration 
geochemistry activities and a brief tour of the ARRC 
facilities. The meeting was productive enough that a follow-
up visit is intended for 2013.

Also in February 2012, about 35 Korean delegates from 
the Korea–Australia offshore technology Workshop, 
after exchanging current technology trends and issues 
in the offshore oil and gas industry with their Australian 
counterparts, finished their meeting by visiting ARRC 
and discussing the Western Australian Energy Research 
Alliance (WA:ERA) as a model of future collaboration.  
Equivalent Korean models of collaborative ventures were 
also shared and cooperative efforts were discussed, before 
the delegates toured CSIRO’s gas-to-liquids laboratory and 
the Hytra hydrate flow loop, and Curtin University’s gas 
processing, core flooding, geomechanics and drilling fluids 
laboratories.

After hosting Dr Megan Clark and Dr Edson Nakagawa 
at Petrobras in Brazil in March 2012, four petrobras staff 
conducted an extended visit to CSIRO in May, including 
visits to the Queensland Centre for Advanced Technologies 
(QCAT) in Brisbane, North Ryde and ARRC. While visiting 
the facilities, projects discussed included sedimentology 
and forward stratigraphic modelling, thermochronology, 
diagenesis and fault zone dating, hydrodynamics of 
petroleum basins, fluid history and timing of charge, CO2 
sequestration, fault reactivation, marine geohazards, and 
seeps and surveys. There were ample opportunities over 
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government research and Indian research agencies. 
Austrade’s Indian appointment in Perth toured the field 
emission scanning electron microscope, the rock mechanics 
laboratory and a 3D demonstration in iVEC of the Rock 
Lea Dome combined ASTER/Hylogging study in search of 
technologies that may be useful to current Indian research 
directions, as well as discussing collaborative research 
opportunities.

events
The CsIRo earth science and Resource engineering 
(CesRe) Geoscience symposium, held in December 2011 
at ARRC, was composed of two parts. It began with the 
CESRE Geophysics forum, an internal CSIRO symposium 
allowing scientists to meet in Perth to integrate their 
geophysics research activities across both the mining and 
petroleum areas. Researchers from across the country 
presented their work to their colleagues, discovering 
opportunities for further project linkages. This lively and 
informal day was followed by a ‘geophysics open day’, 
where the CESRE Geophysics Group, colleagues from 
the Geological Survey of Western Australia, mining and 
consultancy companies and universities shared their 
research and endeavours with the local geophysics 
community. Attended by over 50 leading geophysicists, 
the open day proved successful in forging links with the 
exploration industry, and raised suggestions and priorities 
for research to address present and future challenges.  

CSIRO scientists from the Minerals Down Under 
Flagship attended the petascale Computational 
Geoscience symposium in Mandurah in May 2012. The 
symposium brought together researchers from around 

Korean delegates from 
the Korea–Australia 
Offshore Technology 
Workshop.

the four-day visit to follow up on topics of mutual interest 
and potential new collaborative research opportunities.

In May 2012 Sheik Humam Baqir Hamoudi, Chairman 
of the Foreign Affairs Committee of the Council of 
Representatives of Iraq and his team visited ARRC to hear 
about the success of the ASTER mineral map of Australia. 
With the intention of working with CSIRO and the 
Australian government to produce an equivalent ASTER 
map of Iraq, the Sheik was briefed on the Minerals Down 
Under Flagship, ARRC, the Centre of Excellence for 3D 
Mineral Mapping and iVEC’s facilities, as well as specifics 
of the ASTER project. Discussions are still underway 
with several Australian and Iraqi government agencies to 
progress this project to boost the mineral exploration 
potential of Iraq.

Following on from the Africa Down Under conference 
held in Perth in August 2012, a delegation from the 
south African department of science and technology 
also toured ARRC in October.  Organised through the 
Department of Industry, Innovation, Science, Research and 
Tertiary Education (DIISRTE), the seven visitors included 
Dr Phil Mjwara, the Director General of the South African 
Department of Science and Technology, several directors of 
overseas relations and cooperation, and Dr Bernie Fanaroff, 
the Director of the South African Square Kilometre Array 
(SKA) Project Office. With a focus on learning about 
ARRC models of collaboration and research partnerships, 
activities discussed and visited ranged from the NGL and 
WA:ERA, to iVEC and the Pawsey Centre, Auscope and 
the Spatial Information Services Stack (SISS).

ARRC hosted a new Austrade initiative to search 
for potential research synergies between Australian 
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the world to exchange ideas about maximising the 
potential of Australia’s new high performance petascale 
supercomputing facilities for the earth sciences. These 
supercomputers can operate on massive datasets, 
heralding new opportunities for earth science research 
that were previously impossible. However, advancements 
must also be made in modelling and data analysis 
algorithms to access their power. Delegates identified new 
geoscience topics that may now be addressed, discussed 
the key challenges and opportunities presented by scaling 
up to petaflop computing, and helped create a network of 
earth and computational scientists and systems managers 
who are active users of these facilities.

In July 2012 ARRC hosted a CSIRO alumni event (also 
open to the general public), on how CSIRO is involved 
with the Square Kilometre Array (SKA) project. Following 
on from the announcement that both South Africa 
and Australia are to jointly host the telescope, the 
iVeC/sKA joint seminar gave Mr Paul Nicholls, iVEC’s 
Acting Executive Director, the opportunity to discuss 
the development of the $80 million Pawsey Centre 
in this context. This infrastructure will allow scientists 
across a broad spectrum of disciplines, and particularly 
radio astronomy, to take their research to new levels 
of investigation through the power of a world-class 
supercomputing system, with discussion covering the 
implications this has for Australian researchers working 
in data-intensive sectors. Visiting speaker Dr Minh 
Huynh, Deputy International SKA Project Scientist, 
then summarised the key science drivers of the SKA, 
provided an update on the project’s status as it moves 
into pre-construction, and discussed the information 
and communications technology implications from this 
megaproject. Through interfacing with radio astronomers 
around the world, her aim is to ensure that the goals of 
the scientific community are met by the technical design of 
the SKA.

For national science Week in 2012, the focus at 
ARRC was on the CSIRO geothermal project, using the 
opportunity to take the idea of geothermal energy to 
the wider community. On the 18th of August about 50 
members of the local community, wider community, and 
school teachers attended the geothermal seminar ‘the 
heat under our Feet’, where Professor Klaus Regenauer-
Lieb delved into the details behind geothermal energy 
technology and its possible application as a renewable 
energy source for the future, developing the possibility 
of Perth as a geothermal city. Ms Jacqui Cook then spoke 
about specific geothermal projects, particularly Australia’s 

largest geothermal demonstration project, which aims to 
show how heat from the Perth Basin aquifer can be used 
to provide sustainable, low emission energy. The event was 
opened by the MC for the evening, Chief of CSIRO Earth 
Science and Resource Engineering Dr Mike McWilliams, 
with distinguished guests including Professor Lyn Beazley, 
the Chief Scientist for WA. Guests took the opportunity 
to stay and mingle afterwards over refreshments, 
talking further with the speakers and other geothermal 
researchers attending.

Some of the brightest minds in the world of Carbon 
Capture and Storage (CCS) descended on Perth  for  
national CCs Week, held from the 21st to the 26th 
October 2012. This biennial Australian-based event 
provides a focus for CCS as an essential part of our global 
greenhouse gas mitigation strategies. The week culminated 
in the 2012 National CCS Conference held at the Crown 
Perth, between the 21st and 23rd October.
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With so many policy-makers, researchers, engineers and 
economists in Perth to discuss advancing CCS technology, 
CSIRO staff made the most of the opportunity to catch 
up with their international counterparts in the European 
Carbon Capture and Storage Laboratory Infrastructure 
(ECCSEL) with a CsIRo/eCCseL meeting and workshop 
held at ARRC on the 24th October. The 15 attendees 
discussed areas of exchange in expertise, capability and 
facilities, surveyed current research efforts, established 
areas where cooperation could be useful and practical, and 
discussed a collaborative framework to move forward. The 
productive session also included a tour of CSIRO facilities 
at ARRC, including a visit to the Pawsey Centre site.

On the same day, ARRC also hosted the Australian 
national Low emissions Coal Research and development 
(AnLeC R&d) science day. With a focus on research 
supporting Australian CCS demonstration projects, the 
assemblage included 16 technical presentations on recent 
science advancements in a range of activities spanning 
oxyfuel technology, Post-Combustion Capture technology 
(PCC), and storage research supporting the South West 
Hub CCS Flagship project, CarbonNet and the CTSCo–
Wandoan Power project. The ANLEC R&D Science Day 
had more than 70 registrants from government, academia 
and industry, including many of the international delegates 
from the Carbon Storage Leadership Forum, also being 
held at Crown Perth as part of CCS Week.

During the week, more than 160 students participating in 
CSIRO’s CarbonKids initiative (a climate science program 
funded jointly by the CSIRO, Bayer and the Global Carbon 
Capture and Storage Institute (GCCSI)) undertook 
the CarbonKids CCs Challenge. This activity provided 
teachers with the support needed to explain the science 
of carbon capture and storage, and then challenged the 
students to demonstrate their understanding of the science 
through enquiry-based learning.  National CCS Week 
attendees saw a short film showcasing the activities of 
eight schools involved in the challenge, and students from 
St Anne’s School in Harvey came to Perth as National 
CCS Conference delegates and demonstrated how to 
make and capture CO2 using an empty soft drink bottle, 
vinegar, bicarbonate of soda and a balloon, before touring 
ARRC and hearing about developments at the NGL.
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Awards and Recognition
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prime Minister’s science Award - eric May
Winthrop Professor Eric 
May, Chevron Chair in Gas 
Processing Engineering at 
The University of Western 
Australia, was presented 
with the $50,000 Malcolm 
McIntosh Prize for Physical 
Scientist of the Year by 
Prime Minister Julia Gillard 
and Science Minister Chris 
Evans at Parliament House in 
October 2012.

Eric’s work uses the techniques of experimental physics 
to measure the thermodynamic properties of natural gas 
fluids, providing critical data for liquified natural gas (LNG) 
extraction and production facilities, and enabling Australia’s 
offshore gas reserves to be produced more efficiently, 
safely, and cleanly.

Eric and his team have accurately measured the 
combinations of temperature and pressure at which 
natural gas begins to condense into a liquid, as well as 
other fundamental fluid properties across the range 
of conditions and gas compositions found in industrial 
practice. By better understanding how these fluids behave, 
production, transport and processing systems do not 
have to be massively over-engineered, greatly improving 
production efficiency and lowering costs.

He has also contributed substantially to the understanding 
of separating contaminants such as CO2 and nitrogen 
(N2) from natural gas, improving the efficiency of 
Liquified Natural Gas (LNG) processing operations. More 
recently his team has been cited for their research on 
geosequestration, where CO2 extracted from the raw 
natural gas is re-injected back into the gas formation, 
minimising greenhouse emissions and accelerating natural 
gas recovery. Their fundamental measurements are allowing 
reservoir engineers to model the injection process with 
more accuracy, to determine how CO2 injected into a 
reservoir may mix with the remaining raw gas.

These and other gas capture technologies Eric is working 
on will continue to reduce the environmental impact and 
increase the efficiency of Australia’s multi-billion-dollar 
LNG export industry.

John stocker Fellowship - Robert thorne
The Science and Industry 
Endowment Fund (SIEF) held 
its first awards ceremony 
in August 2011, celebrating 
its role in supporting 
Australia’s scientific talent 
through promotion of 
science education and 
visionary research. Senator 
the Honourable Jim Carr, 
Minister for Innovation, 
Industry, Science and 

Research, together with Dr John Stocker, former Chair 
of CSIRO, announced the recipients of the inaugural SIEF 
John Stocker Postdoctoral Fellowships, encouraging the 
cream of young research talent to undertake postdoctoral 
training in Australia.  

Robert Thorne was one of the six recipients, and has 
taken up his fellowship within CSIRO Earth Science and 
Resource Engineering (CESRE). He is studying thebiological 
origins of iron oxide pisoliths, pea-sized weathered rocks 
(‘buck shot gravel’) found scattered on the surface in many 
parts of Australia, and also on Mars.

By investigating the pisoliths in terrestrial environments 
Robert hopes to better understand how they were 
formed, and identify conditions that may have been active 
in ancient pisolith systems on both Earth and Mars.
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newton–turner Career Award - Ravi Anand
Dr Ravi Anand from 
CSIRO Earth Science and 
Resource Engineering’s 
Mineral System Science 
Research Program 
has been awarded the 
Newton–Turner Career 
Award for 2012–13.

Newton–Turner Career 
Awards are designed 
to further the scientific 
careers of exceptional senior scientists at CSIRO through 
a $35,000 grant as a contribution towards professional 
development with a view to enhancing science quality 
and reinforcing a culture of scientific excellence. These 
prestigious awards are given to scientists who have 
demonstrated outstanding scientific achievement and hold 
an indefinite senior appointment.

Ravi’s award recognises his world-leading research in 
weathering, regolith geology and geochemistry, which has 
changed the way both Australian and international mineral 
explorers approach the challenge of exploring for mineral 
deposits in deeply weathered terrains. By fundamentally 
transforming our understanding of near-surface weathering 
processes, Ravi’s work has directly contributed to the 
discovery of major new mineral deposits worth billions of 
dollars.

Ravi used the award to attend the 34th International 
Geological Congress in Brisbane in August 2012, where 
he was also presented with the A.B. Edwards Award for 
best paper in economic geology published in the Australian 
Journal of Earth Sciences. He will also attend the 2013 V.M. 
Goldschmidt Conference in Florence.  

In addition, Ravi plans to use the award to travel to the 
University of Chile, Acadia University (Canada) and Cornell 
University (USA) to visit labs and field sites to compare 
and contrast mechanisms of geochemical anomaly 
formation in Canadian, Chilean and Australian regolith 
environments. This research will further understanding 
of how mineral deposits may be discovered using plants, 
surface soils and sediments.

nMI attains third party R&d accreditation
In 2012 the National Measurement Institute (NMI) 
laboratory at ARRC was awarded third party accreditation 
for its research and development (R&D) activities. It is 
the first laboratory in the Commonwealth Department 
of Industry, Innovation, Science, Research and Tertiary 
Education  to attain such accreditation. The laboratory now 
has independent verification that its management system 
complies with the requirements of the EURACHEM/
CITAC Guide CG2 1998, “Quality Assurance for Research 
and Development and Non-Routine Analysis”. 

Through R&D accreditation, excellence in research is 
demonstrated not only by formally recognising a facility’s 
scientific expertise and capability, but also by recognising 
the laboratory has a robust, world class management 
system. In Australia, the National Association of Testing 
Authorities (NATA) provides accreditation that recognises 
a laboratory’s management system complies with 
international benchmarks. NATA’s R&D program is 
currently the only research and development accreditation 
available globally. It provides a means for ensuring 
technically robust and traceable practices are in place 
to give greater confidence in the outcomes of research 
without hindering its freedom or direction. It provides the 
opportunity to evaluate and manage the risks inherent 
in research, giving a level of certainty in the process, even 
though results and outcomes may be unknown. 

The pathway to R&D accreditation focuses a laboratory 
onto changes for more efficient processes and service 
delivery. Specifically, the NMI ARRC laboratory is now 
accredited for the “management and conduct of research 
into the concentrations and fate of chemicals and their 
metabolites in liquid and solid samples from and affecting 
the natural environment”. It makes the laboratory a 
perfect analytical partner for collaborative R&D, and is now 
enabling the laboratory to extend its range of stakeholders 
to include universities, State and Federal Government 
organisations, and large corporations in the water and 
resources industries undertaking R&D projects. 



ARRC Industry and Research Report 2012 45

ESWA - WA Science Award finalist
In December 2011 
Earth Science WA 
(ESWA) was named 
as a finalist in the 
2011 WA Science 
Awards, in the 
category of Science 
Communication 
Initiative of the 
Year. ESWA is a 
consortium founded 
by Curtin University, 
The University of 
Western Australia, 
CSIRO and the Western Australian Museum, working 
closely with the Chamber of Minerals and Energy, the 
School Curriculum and Standards Authority (WA), the 
Geological Survey of WA, the Science Teacher’s Association 
of WA and Scitech.  It is proudly supported by over 
40 mineral and petroleum companies and professional 
organisations.

ESWA aimed to address the (then) declining state of 
secondary and tertiary geoscience education in Western 
Australia. ESWA supports Earth and Environmental 
Science education in primary and secondary schools 
through presenting at schools, providing physical 
resources to schools, helping to fund and run field trips, 
providing teacher professional development, and in 2011 
launched a 520 page, full-colour text catering specifically 
to the Western Australian Earth and Environmental 
Science curriculum, thanks to the generous support 
from Woodside Energy Limited. Through its efforts, 
between 2006 and 2012, the number of 
secondary schools in WA teaching Earth and 
Environmental Science jumped from four to 
28, with the number of students studying the 
subject increasing from 38 to 817. ESWA 
visited over 400 schools in 2012, reaching 
over 6,000 students.
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Education and Training
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A field guide to Perth and surrounds
Earth Science Western Australia (ESWA) released its 
first field guide late in 2011, authored by John Bunting, 
previously a geologist with the WA Geological Survey 
and a range of resource companies, and support from 
the Public Education Endowment Trust (PEET) and the 
Geological Society of Australia.

This comprehensive guide to Perth and surrounds is 
designed to enable teachers to run informative field days 
with their Earth and Environmental Science students and 
to provide rich examples of course content. The guide 
contains an overview of the geology of the Perth area, 
highlighting and explaining six geologically-rich locations for 
excursions complete with photographs, diagrams, step-by-
step directions and an extensive glossary. Each location was 
chosen for easy access, safety, adequate parking, and the 
fact that it can be used to explain many parts of the Earth 
and Environmental Science syllabus.

The guide is widely available (see locations on www.
earthsciencewa.com.au), and student workbooks and 
further support material are also freely available on the 
website. Support is also available from ESWA for assistance 
in running an excursion using the guide.

The success of this guide, for earth science teachers, 
students and enthusiasts alike, has seen it enter its second 
print run during 2012. A second  
guide, covering the south west  
of Western Australia is  
already in progress, and  
a third is planned for  
Kalgoorlie and surrounds.

esWA - earth science outreach - on the road
ESWA travelled the State extensively in 2012 but one of the 
highlight trips was in June into the Pilbara region, visiting 11 
schools and presenting to nearly 800 students and over 30 
educators.  Primary and secondary students in the Hedland 
and Newman areas were treated to fossil fun, hands-on 
experiments to demonstrate volcanism, and tested their 
powers of investigation with UV beads. A highlight of the trip 
was visiting the Jigalong Remote Aboriginal Community and 
having the opportunity to present to all of the students in 
the school. 

Teachers attending the hands-on workshops with their 
students have free access to the slides and worksheets used 
by the ESWA presenters, and become well-prepared to 
replicate the workshops independently.

Along the way, kits of fossils and minerals were left at 
regional hubs in each area (see below), full of hands-on 
materials and books of activities. Each primary school was 
also given a kit of resources and lesson plans to assist with 
the new Year 7 Australian Science Curriculum.

Over the course of 2012, over 6,000 students and 900 
educators from 400 schools engaged with ESWA’s outreach 
and professional development programs (including requested 
repeat visits).

Bells Rapids - Teacher PD day for ‘A Field Guide to Perth and 
Surrounds’, December 2011.

Year 5/6 class at Jigalong Remote Aboriginal Community 
School - fossil lesson (making cast fossils).
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hands-on kits - a big hit
ESWA has developed two hands-on kits aimed at 
supporting earth science teachers and their classes 
in upper primary and lower secondary schools, and 
over the course of 2012 these were distributed into 
loan pools across the State.

These kits come with everything needed to run 
engaging hands-on lessons with a class, including a 
teacher handbook full of lesson plans and supporting 
information, and photocopiable worksheets for 
students. The fossil kit contains enough fossils for a 
whole class (both genuine and cast fossils), with the 
supporting information suggesting lessons based on 
the materials available. The crystals and minerals kit 
contains a full class set of different crystals, with hand 
lenses and equipment to study them, along with 
appropriate supporting information. The teacher and 
student handbooks are also included on CD-ROM, 
and will soon be available on the ESWA website 
(www.earthsciencewa.com.au).

Thanks to the generous support of BHP Billiton, 
Woodside, PESA and Scitech, these kits are now in 
regional loan pools in Albany, Bunbury, Geraldton, 
Karratha, Newman, and South Hedland, as well as 
several in Perth. Due to popular demand, these kits 
will be placed in more regional areas across WA 
in 2013 thanks to funding from BHP Billiton, and 
different kits are also in the planning stages.

petroleum science and engineering special 
edition on unconventional gas
In 2010 CSIRO scientist Dr Reem Freij-Ayoub was invited 
by Elsevier to compile a special edition of the Journal of 
Petroleum Science and Engineering focused on Coal Seam 
Gas (CSG) production.  With Australia being the second-
largest CSG producing country in the world after the USA, 
the abundance of the resource, and the reducing cost of 
producing this methane, this area is attracting worldwide 
attention as a potential source of unconventional natural 
gas supply.

After inviting contributions to the edition, 15 papers were 
selected for publication (five of which had contributors 
at ARRC), along with Reem’s overview of the field, 
“Opportunities and challenges to coal bed methane 
production in Australia”.

The special edition of the Journal of Petroleum Science 
and Engineering, vol 88–89, was published in May 2012, 
containing two papers in the area of CSG, four papers in 
the area of gas hydrates, seven papers in the area of tight 
gas and two papers in the area of hydraulic fracturing.  

early Career Researchers’ Forum
In October 2011, CSIRO Earth Science and Resource 
Engineering  (CESRE) held an interactive workshop 
aimed at supporting and encouraging the Division’s 
young researchers to optimise their careers at CSIRO. 
The two-day Early Career Researchers’ Forum, held at 
Joondalup Resort in Western Australia, was attended by 
36 young researchers from around the country, including 
PhD students, postdoctoral fellows and new research 
staff who had recently joined the Division. The group had 
very diverse  backgrounds ranging from mathematics and 
physics, through engineering and earth sciences, to social 
science and philosophy.

The forum gave CESRE’s newer research staff the 
opportunity to network, learn about the wide range of 
research undertaken across the Division and gain a better 
understanding of CSIRO’s  culture, organisational structure 
and processes. CESRE Chief Scientist Dr Graham Carr 
convened the forum and together with CESRE 
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Deputy Chief Dr David Whitford facilitated key sessions 
on both days of the event,  with presentations also given 
by Dr Bev Ronalds (Group Executive, Energy) and Dr 
Mike McWilliams (CESRE Chief).  \Western Australian 
Premier’s Fellow Professor Malcolm McCulloch, FAA, 
FRS, a distinguished isotope geochemist from UWA, also 
spoke about his  impressive and  diverse research career 
that began in cosmochemistry and is now focused on 
environmental geochemistry. 

Each participant presented on their own background, 
research, aims and inspirations, using the opportunity to 
share their experiences and network. Interactive sessions 
were also held on mentoring programs and career 
planning, with plenty of opportunities for the early career 
researchers to share ideas and impressions with both their 
peers and senior managers from across the country, learn 
about different career paths and possibilities, and get advice 
on building their careers within CSIRO.
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Industry Clients

Adelaide Resources

AGL

Alkane Resources

Apollo Gas

APLNG

ANLEC R&D

Australian Scientific Instruments

Baker Hughes

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

Eastern Star Gas

Falconbridge

Fugro Robertson (United Kingdom)

Geolnformatics

Geological Survey of Western Australia

Geoscience Australia
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Goldfields

GNS Science (New Zealand)

Halcyon Resources

Helix Resources

Heron Resources

Independence Group

Icon Technologies

Institut Francaise du Petrole (IFP)

Inco Technical Services

INPEX Corporation

InterMet Resources

InterOil

Jabiru Metals

Japan Oil, Gas and Metals National Corporation 
(JOGMEC)

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

Northparkes

Oil Search

Oolithica (United Kingdom)

Origin

Patterson Instruments

Pilbara Iron

Placer Dome

Petrobras

PETRONAS

PT Caltex

Queensland Gas Company

Regis Resources

Rio Tinto

ROC Oil

Santos

Saudi Aramco

Schlumberger

Senergy

SGS Minerals

SINOPEC

Shell

Southern Gold

Stellar Resources

Sumitomo Metal Mining

Teck Cominco

Tethyan Copper

TOTAL

Weatherfords

WMC Resources

Woodside Energy

Xstrata

Zinifex
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ARRC Advisory Committee

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.
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OrganisationPositionMember

Adj. Professor
David Agostini

ARRC Chair Independent

Dr Thomas Hatton
(from April 2012)

ARRC AC Secretariat
Group Executive Energy

CSIRO

Dr Beverley Ronalds
(to March 2012)

ARRC AC Secretariat
Group Executive Energy

CSIRO

Professor Lyn Beazley Chief Scientist of
Western Australia

Independent

Mr Jeff Gresham Industry Representative Gresham Mineral Consulting Services

Dr Steve Harvey Deputy Chief,
CESRE

CSIRO

Dr Peter Moore Industry Representative Woodside Energy Limited

Dr Mike McWilliams Chief,
CESRE

CSIRO

Dr Rick Rogerson Executive Director Geological Survey of Western Australia,
Western Australian Department of Mines
and Petroleum

Mr Tim Shanahan Director,
Energy and Minerals Initiative

The University of Western Australia

Mr Tony Tate
(to November 2011)

Director,
Research and Development

Curtin University

Mr Tim Walton
(from November 2011)

Director,
Resources and Sustainability

Curtin University
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Acronym List

2D-IC   two-dimensional ion   
  chromatography

3D  three-dimensional

4D  Four-dimensional

AARNET Australia’s Academic and   
  Research Network

AMRC   Australian Minerals Research  
  Centre 

ANLEC R&D  Australian National Low   
  Emissions Coal Research and  
  Development 

APPEA   Australian Petroleum   
  Production and Exploration  
  Association 

ARENA   Australian Renewable Energy  
  Agency

ARRC  Australian Resources Research  
  Centre

ASKAP  Australian Square Kilometre  
  Array Pathfinder

ASTER   Advanced Spaceborne Thermal  
  Emission and Reflection 

C3DMM  Western Australian Centre of  
  Excellence for 3D Mineral   
  Mapping

CCS  Carbon capture and storage

CH4  methane

CMIS   CSIRO Mathematical and   
  Information Sciences 

CO2  carbon dioxide

CO2CRC  Cooperative Research   
  Centre for Greenhouse Gas  
  Technologies

CPSE   CSIRO Process Science and  
  Engineering

CSG  Coal Seam Gas

CSIRO  Commonwealth Scientific and  
  Industrial Research Organisation

CSIRO CESRE CSIRO Earth Science and   
  Resource Engineering

CSM   Coal Seam Methane 

DET CRC  Deep Exploration Technology  
  CRC 

DPS   Digital Productivity and Services  
  National Research Flagship

DIISRT  Department of Industry,   
  Innovation, Science, Research  
  and Tertiary Education

DPI   Department of Primary   
  Industries 

ECCSEL   European Carbon Capture  
  and Storage Laboratory   
  Infrastructure 

EIF  Education Investment Fund

ESWA  Earth Science Western Australia

GCCSI   Global Carbon Capture and  
  Storage Institute 

GEA   Geothermal Energy Association 

GRI  Geothermal Research Initiative

GOITM   Grains with Oil Inclusions

GPS   Global Positioning System 

IGEM 4D  Integrated Geomechanics and  
  Multiphysics 4D seismic project 

IGUP  Industry and Government   
  Uptake Program

iVEC   The hub of advanced   
  computing in Western Australia

JSS   Japan Space Systems

LNG  Liquified Natural Gas

LPG  Liquified Petroleum Gas

MCI   Molecular Composition of Oil  
  Inclusions 

MDU   Minerals Down Under National  
  Research Flagship

MWA   Murchison Widefield Array 

NASA   National Aeronautics and Space  
  Administration 

NATA   National Association of Testing  
  Authorities 
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N2  nitrogen

NCI  National Computational   
  Infrastructure

NCRIS   National Collaborative   
  Research Infrastructure Strategy

NeCTAR  National eResearch   
  Collaboration Tools and   
  Resources 

NGL   National Geosequestration  
  Laboratory

NMI   National Measurement Institute

NRDA   Natural Resource Damage   
  Assessment

NRSP  National Resource Sciences  
  Precinct

OCE   Office of the Chief Executive

PCC   Post-Combustion Capture   
  technology 

PEET   Public Education Endowment  
  Trust 

QCAT   Queensland Centre for   
  Advanced Technologies

QGF   Quantitative Grain Fluorescence

RDSI   Research Data Structure   
  Infrastructure 

ROV  Remotely Operated Vehicle

SESKA  Sustainable Energy for the   
  Square Kilometre Array

SGI  Silicon Graphics International  
  Corporation

SHARC   Shale Research Centre   
  consortium 

SHARPP  Shale Rock Physics and   
  Petrophysics 

SIEF  Science and Industry   
  Endowment Fund 

SIRF   Spatial Identifier Reference   
  Framework

SISS   Spatial Information Services  
  Stack 

SKA  Square Kilometre Array

SME  Small-Medium sized Enterprise

STAP   Supercomputing Technology  
  and Applications Program 

TTSC  True Triaxial Stress Cell

UNSDI   United Nations Spatial Data  
  Infrastructure

UWA  The University of Western   
  Australia

VGL   Virtual Geophysics Laboratory

WA:ERA  Western Australian Energy   
  Research Alliance

WAGCoE  WA Geothermal Centre of  
  Excellence

WAMSI  Western Australian Marine  
  Science Institution

WfHC   Water for a Healthy Country  
  National Research Flagship

WfO   Wealth from Oceans National  
  Research Flagship

WQRA   Water Quality Research   
  Australia
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