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The resources industry makes an 
immense contribution to the Western 
Australian and Australian economies 
in terms of economic growth, 
employment opportunities and social 
and regional development.

Despite ongoing economic fragility in 
many parts of the world, the State’s 
minerals and petroleum industry 
performed strongly in 2009–10 and 
was worth $70.9 billion.  This included 
record results for the iron ore and 
gold sectors.

The resources industry contributed 
an impressive 89 per cent towards 
the total Western Australian 
merchandise exports, and 42 per cent 
towards Australia’s total merchandise 
exports.

The vast majority of commodity 
prices have now rebounded from the 
lows reached in early 2009, which 
augurs well for the future of the State.

The mining sector is attracting high 
levels of interest in new projects 
and expansions in regions such as 
the Pilbara and Mid West.  Mining 
investment reached a value of $21.7 
billion in 2009–10, which was 71 per 
cent of the State’s total new capital 
expenditure.

In the petroleum sector, huge natural 
gas projects such as Gorgon, Pluto, 
Wheatstone and Browse are on 

the horizon and will greatly expand 
Western Australia’s position in the 
global liquefied natural gas sector.

“The State is well 
positioned to build on its 
strengths as a reliable 
supplier of quality 
resources at cost-
competitive prices, and 
ARRC is poised to play a 
large role in this.”  

This Annual Report highlights a 
number of projects that were 
undertaken at the Centre in 2009–10.

CSIRO received $47.3 million in 
funding from June 2010 for the 
Sustainable Energy for the Square 
Kilometre Array (SKA) project.  
The funding will be used, in part, 
to develop the Pawsey High 
Performance Computing Centre for 
SKA Science (Pawsey Centre) and 
ARRC into Australia’s largest direct-
use geothermal demonstration site.

Western Australia’s supercomputing 
hub iVEC ordered a new-generation 
Performance Optimised Data 
(POD) centre to be installed into 
the facilities at Murdoch University.  
The POD is effectively a “plug and 
play” supercomputer, 20 times more 
powerful than the three current iVEC 
supercomputers combined, and is 
part of the first stage of the Pawsey 
Centre project. 

In November 2009, the Western 
Australian Geothermal Centre of 
Excellence (WAGCOE) was officially 
opened.  The Centre is a joint venture 
between CSIRO and The University 
of Western Australia, in conjunction 
with Curtin University, and is 
supported by the State Government.  
WAGCOE was established to lead 

and develop the exploration and 
exploitation of geothermal energy in 
Western Australia.

CSIRO’s drilling mechanics group 
is improving understanding of what 
happens at the bit-rock interface 
with the aim of improving bit design, 
drilling efficiency and productivity.  
This ongoing research is part of, and 
exemplifies the objectives of the 
new Deep Exploration Technologies 
Cooperative Research Centre 
(DET CRC), tackling the growing 
technical and economic challenges of 
deep exploration.

These are only a small fraction of the 
research that is taking place at ARRC 
to ensure the sustainability of the 
resources industry. 

I look forward to the future research 
coming out of the Centre and 
the possibilities it will bring for 
the Western Australian resources 
industry. 

I congratulate all of the staff on 
their ongoing commitment to being 
leaders in international mineral and 
petroleum research.

The Hon Norman Moore MLC

WA Minister for Mines and Petroleum

Foreword
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loop was commissioned at ARRC 
which provides the opportunity to 
deal with many of the flow assurance 
issues confronting the industry.  In the 
year ahead, the commissioning of a 
laboratory scale gas-to-liquids plant 
will be completed, opening up further 
opportunities for the beneficial use of 
the State’s gas resources.

Many additional initiatives are 
underway which will add to 
the contribution the scientists 
at ARRC make to the strength 
and competitiveness of Western 
Australia’s resources industries. I 
expect that, in the years ahead, the 
technologies developed at ARRC will 
be central to the success of Western 
Australia’s most important industries.

David Agostini

Chairman, ARRC Advisory Committee

After a decade of spectacular 
achievement, ARRC is now in a 
position to build on this as the 
foundation for even greater success.  

The Western Australian economy 
is powering ahead, driven by huge 
international demand for the State’s 
resources.  Much of the minerals 
and energy being developed today 
were discovered and added to the 
bank of reserves in previous decades.  
Those reserves need to be replaced 
to ensure the longer term health of 
our resource industries.  Much of 
the technology required to do this 
is more complex, due to the greater 
challenges associated with identifying 
more deeply buried and less easily 
recognised resources.  In addition, 
improvements in recovery techniques 
are critical as the task of extracting 
these reserves becomes more 
difficult. 

The team of scientists at ARRC will 
be key to the development of those 
technologies.  Western Australia’s 
international competitive advantage 
is critically dependent on technical 
leadership.  Competitors with 
substantial reserves often operate 
in lower cost environments, an 
advantage that can be offset only by 
superior technology. 

Many new initiatives are planned 
at ARRC for the coming years, all 
building on and adding to this State’s 
technical leadership.  Among these 
is the very large improvement in 
computing capacity that will come 
with the establishment of the 
Pawsey Centre.  While this has 
been established primarily for radio 
astronomy, it will provide a huge 
boost to computational capability in 
resources research.  Also planned in 
association with this project is the 
development of geothermal energy 
on the ARRC site.  This opens up a 
new technology in Western Australia 
that could to add to the range of 
options available to the State in 
meeting its 20 per cent renewable 
energy target by 2020.

Also planned in the near future 
is new and promising work 
on exploration technologies. 
The earlier successful work on 
geochemical analysis in overburden 
will be extended, and successful 
hydrogeochemical techniques are 
set to expand into new areas.  In the 
oil and gas sphere there has been a 
substantial commitment to address 
the challenges and opportunities 
associated with the State’s gas 
reserves.  During the last year a flow 

Chairman’s Report

“Many new initiatives 
are planned at ARRC 
for the coming years. 
Among these is the very 
large improvement in 
computing capacity.”
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Federal funding for geothermal 
demonstration of the Pawsey 
Centre

Former Prime Minister, the Hon Kevin 
Rudd visited ARRC in June 2010 to 
announce that CSIRO would receive 
$47.3 million in funding from June 
2010 for the Sustainable Energy for 
the Square Kilometre Array (SKA) 
project, through the Australian 
Government’s Education Investment 
Fund.  This funding will support two 
projects, one of which is to develop 
the ARRC site into Australia’s largest 
direct-use geothermal demonstrator.

The funding announcement is of 
enormous significance for CSIRO’s 
Energy Group, providing the 
opportunity to carry out large scale 
demonstrations of new low emissions 
technologies, as well as contributing 
to the reduction of greenhouse gas 
emissions for Australia. The project is 
also expected to enhance Australia’s 
bid for hosting the SKA.

During his visit, Mr Rudd, 
accompanied by Treasurer Wayne 
Swan, was given a briefing on the 
Sustainable Energy for the SKA 
project, and met a number of 
ARRC scientists during a tour of the 
geothermal laboratories. 

The project infrastructure will 
comprise three wells, drilled to a 
depth of three kilometres on the 
ARRC site: 

•  an exploration well to provide 
critical data (water temperature, 
flow rates and water chemistry) 
to inform the engineering design 
specifications for the production 
system; and

•  a production “doublet” – 
geothermal extraction and re-
injection wells.

The exploration well is critical as 
there is minimal data regarding 
permeability, water temperature and 
chemistry at depths of ~3 kilometres 
in the Perth Basin – the proposed 
depth of the geothermal production 
wells.

After acquiring the necessary design 
data from the exploration well, it 
is proposed that it be maintained 
as a deep research well to provide 
real time data on production well 
performance for R&D education and 
training purposes and as a test bed 
for down-hole monitoring equipment.

The project will showcase Australia’s 
industry capacity to develop and 
deploy sustainable geothermal 
technology, and advance commercial 
scale renewable energy with the site 
acting as a national laboratory for 
geothermal research. 

Temperature, 
particle path 
and fluid flow 
modelling.

Artist’s impression 
of the Pawsey 
High Performance 
Computing Centre 
for SKA Science.

Image courtesy of iVec

Former Prime Minister, the Hon Kevin Rudd visited ARRC.
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WAGCOE opening

More than 70 representatives from 
industry, government and research 
organisations attended the launch of 
the Western Australian Geothermal 
Centre of Excellence (WAGCOE) 
in November 2009, officially 
opened by the Western Australian 
Minister for Mines and Petroleum, 
the Hon Norman Moore.  The 
dignitaries converged at the Horizon 
Planetarium at Scitech, to hear the 
Centre’s Director, Professor Klaus 
Regenauer-Lieb, outline his vision to 
make Perth the first geothermally 
cooled city in the coming decade. 

The Centre is a joint venture 
between CSIRO, UWA and Curtin 
University, with financial support 
from the Western Australian State 
Government.  WAGCOE was 
established to lead and develop 
the exploration and exploitation of 
geothermal heat in Western Australia.  
The shallow groundwater of the 
Perth Basin is an excellent source of 
low-grade heat to demonstrate and 
provide local geothermal energy.  

 WAGCOE links below-ground 
research with above-ground 
development.  Below-ground 

research includes identifying potential 
geothermal targets – easily accessed 
hot groundwater sources, to reduce 
drilling costs associated with accessing 
low-grade heat.  Once accurate 
3D geological and geophysical 
models are assessed, it is possible 
to target and drill only to the top of 
convection cells – upwellings driven 
by heat, salinity and local topography 
(low porosity and permeability) 
that naturally transfer the heat to 

shallower levels.  Modelling is also 
being used to identify deeper and 
hotter geothermal sources including 
hot sedimentary aquifers and ‘hot 
rocks’.  This research will build local 
expertise for future research, and 
other commercial application of 
geothermal energy.

Above-ground development is 
focused on delivering novel low-
emission, direct-heat use technologies.  
Air conditioning constitutes a 
significant portion of the base load 
electricity use in modern Australian 
cities, and WAGCOE is developing 
direct-heat technology for air 
conditioning via sorption chillers.  
Another focus is geothermally 
powered pre-heating technology 
for reverse osmosis desalination 
plants and Multi-Effect Distillation 
technology, to address the high 
energy requirements of fresh water 
generation.

WAGCOE currently employs 20 
researchers on various geothermal 
projects, and is collaborating in a 
number of training and research 
initiatives to promote the future 
potential of geothermal energy in 
Western Australia and beyond.

Prof Klaus Regenauer-Lieb, Director, WAGCOE, Dr Bruce Hobbs, Independent Chair, 
WAGCOE and the Hon Norman Moore, WA Minister for Mines and Petroleum at the 
official opening of the new Centre.
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The sensor array system is 
unique in that it measures 
dissolved hydrocarbons 
in the water just below 
the surface.  Dissolved 
contaminants in the water 
column move differently 
compared to the surface 
oil slick due to factors 
such as tides and currents, 
and are potentially more 
dangerous to marine life 
over the longer term.  
CSIRO’s system can 
also provide data in real 
time over a resolution of 
several metres, and can 
be used to survey large 
areas quickly, useful for 
both exploration and 

environmental monitoring.

The large amount of data generated 
has been collected and reported 
online daily, helping BP understand 
the oil movement and location.  More 
comprehensive interpretation of the 
data and identification of trends in 
the marine environment is ongoing.

CSIRO hydrocarbon sensors 
deployed in the Gulf of 
Mexico oil spill

A CSIRO-developed hydrocarbon 
sensor array, originally designed for 
petroleum exploration, was deployed 
in June 2010 to help monitor the 
leading edge of the Deepwater 
Horizon oil spill in the Gulf of Mexico.  
The sensor array consists of several 
commercially-available hydrocarbon 
sensors that are able to detect 
different classes of hydrocarbons at 
varying sensitivities, in real time.  The 
array is housed in a tank which is 
continuously supplied with marine 
water, sampled from a depth of one 
to two metres.  The sensor data is 
displayed in real time along with GPS 
coordinates, and is then imported 
into a geographical mapping 
program that graphically displays the 
concentrations of hydrocarbons along 
the track surveyed.

Although the technology was still 
in a developmental phase, with 
only four small-scale field trials in 
Australian waters completed to test 
its operational stability, the research 
team was engaged by BP to help 
monitor the spill, and was deployed 
to the Gulf of Mexico.  Two teams 
of four scientists were deployed 
in rotation, spending one month 
at a time at sea, and working on a 
24-hour roster to operate the system 
continuously.  To date the team has 
surveyed over 7,500 nautical miles 
of surface waters in the Gulf, and 
completed approximately 60 vertical 
casts (surveying water quality down 

to 120 metres in one location to map 
a vertical hydrocarbon profile).  

The sensor data was validated against 
periodic samples collected and 
analysed by gas chromatography-mass 
spectrometry, a traditional analytical 
technique.  Over 500 water samples 
were analysed by conventional 
methods, to compare against the real-
time sensor results.

General Highlights

“CSIRO’s system can 
be used to survey large 
areas quickly, useful for 
both exploration and 
environmental monitoring.”

CSIRO scientists taking oil 
mousse samples from water 
hose used on the underway 
hydrocarbon sensor system.
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CPR and CEM merge

In December 2009, CSIRO 
Exploration and Mining and 
CSIRO Petroleum Resources 
merged to become CSIRO 
Earth Science and Resource 
Engineering (CESRE).  The 
merger brings together CSIRO’s 
world-class geoscience and geo-
engineering capabilities into a 
single entity under the leadership 
of Dr Mike McWilliams.

CESRE’s capabilities are 
structured into four discrete 
Research Programs – Mineral 
Systems Science, Petroleum 
Geoscience, Mining Geoscience 
and Petroleum Engineering – 
providing a comprehensive set of 
capabilities to support Australia’s 
resources sector.

Significant synergies exist in 
the newly merged Division, 
with scientific capabilities in 
geophysics, geochemistry, 
computational geoscience and 
geomechanics common to both 
minerals and petroleum.  Bringing 
these capabilities together 
means that outlooks previously 
constrained by a focus on one 
industry sector can find wider 
application.  

CESRE brings together more 
than 450 staff at four sites, 
including ARRC in Perth, 
the Queensland Centre for 
Advanced Technologies (QCAT) 
in Brisbane, and CSIRO sites 
at North Ryde in Sydney and 
Clayton in Melbourne.
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Premier’s visit

On the 30th July 2009, ARRC 
hosted a visit by the Hon Colin 
Barnett, Premier of Western 
Australia, and the Hon Norman 
Moore MLC, Minister for Mines and 
Petroleum.

The visit began with presentations 
by Dr Beverley Ronalds (Group 
Executive Energy, CSIRO), Dr Peter 
Lilly (Director, Minerals Down 
Under Flagship, CSIRO), Dr Kate 
Wilson (Director, Wealth from 
Oceans Flagship, CSIRO), and Dr 
Edson Nakagawa (Petroleum and 
Geothermal Research Portfolio 
Leader, CSIRO).  Discussions 
spanned ARRC’s interactive and 
collaborative working model, its 
national role, and recent research 
successes.  Particularly relevant 
was an exploration of ARRC’s 
ongoing evolution, with a focus 
on globally-relevant initiatives in 
clean energy geosciences including 
geothermal energy cooling for new 
supercomputing developments, 
and a carbon geosequestration 
laboratory.  Future capabilities in 
radioastronomy and information 
and communication technologies 
will support Australia’s SKA bid 
as well as facilitate development 
of computational geosciences.  
The visit concluded with a tour 
and presentations in the rock 
mechanics laboratory, the gas 
hydrates workshop and the iVEC 
visualisation facility.

General Highlights

CSIRO developed 
autonomous triaxial 
cell – sensor set-up for 
the measurement of 
mechanical deformation 
of rocks.

Dr Bev Ronalds, Dr Tim Griffin 
and the Hon Colin Barnett 
are given a presentation by  
Dr Peter Lilly.

The group touring the rock 
mechanics laboratory.
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New Zealand ironsand 
resource definition using 
ground penetrating radar

Low frequency Ground Penetrating 
Radar (GPR) was shown to be 
effective in the delineation of 
ironsand ore zones along the west 
coast of New Zealand’s North 
Island.  The project, carried out 
through the Centre of Excellence 
for High Definition Geophysics in 
Curtin’s Department of Exploration 
Geophysics in 2009, focused on 
optimising the sampling parameters 
to maximise deep penetration 
without sacrificing image resolution.  
Low frequencies were used with 
experimentation to determine the 
best antennae configuration, digital 
sampling parameters, and collection 
method for the hilly terrain.  

Large areas were then surveyed, 
corresponding to areas drilled by 
Sinosteel Australia on a nominal 100 
by 100 metre pattern.  The drilling 
data had already indicated that the 
depositional pattern of the ironsand 
in the dunes was rather complex, 
quite variable over short distances, 
and had no relationship to the 
modern topography of the area.

The GPR data was processed 
using software designed for seismic 
methods used in the oil and gas 
industry, enabling significant data 
filtering, enhancement, and correction 
for topography.  The GPR results 
were then correlated with the drilling 
data, and showed that the geometry 

and grade distribution of the deposits 
are more complex than previously 
thought.  The results enabled 
Sinosteel to better understand the 
complex depositional history of 
the dunes, and the continuity of 
high-grade ironsand zones between 
boreholes.  The improved 3D 
information now available for the 
deposit is providing very detailed 
geological information for future 
mine planning.  Data processing and 
interpretation is continuing, enabling 
Sinosteel to move from an inferred 
category resource to a measured 
JORC classification by increasing 
confidence in the estimations.

Honours student David Stannard 
was awarded best paper at the 
Australian Society of Exploration 
Geophysicists 2009 Student Night for 
his presentation on the project.

Mineral Exploration

GPR transmitter and receiver equipment mounted on a sled device.

3D fence diagram showing ground probing radar sections and drillholes at the Aotea 
ironsand project.
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Completion of AMIRA P778: 
Metal transport by biological, 
gaseous and aqueous methods 
in the regolith

Three years of work developing 
geochemical exploration methods 
useful in areas of cover have been 
completed and reported, and have 
generated enough interest to spawn 
a new three-year study to expand on 
the research.

The AMIRA Project 778: Predictive 
geochemistry in areas of transported 
overburden: Mechanisms of anomaly 
formation, focused on biological, 
gaseous and aqueous mechanisms 
for transporting metals from a 
mineralised source through cover to 
the surface.  Plant samples such as 
acacias, eucalypts and spinifex were 
sampled to assess their potential as 
mineral indicators, and the fieldwork 
was supported by experimental work 
to help understand the transport 
processes – what mechanisms actually 
move metals from a mineralised 
source to a biological matrix.  
Microbes, insects such as termites, 
and surface aqueous sources were 
also studied.

The results of the CSIRO study 
have generated significant interest, 
with mining companies now sending 
plants as well as mineral samples to 
analytical laboratories for analysis.  The 
extension project, P778A, plans to 
make the approach more predictive.  
By gathering more examples of 
specific biological transport processes 
in a range of environments, it should 
be possible to determine, understand, 
and eventually predict which sampling 
techniques (which plant, insect and 
microbial species) will be most 
useful for geochemical exploration in 
different areas of cover. 

Hydrogeochemical mapping 
of the Northeast Yilgarn 
completed

A project using groundwater sampling 
to locate gold and other mineral 
resources has been completed by 
CSIRO scientists and is now leading 
on to new exploration projects.  
M402: Hydrogeochemical mapping 
of the Northeast Yilgarn was a 
proof of concept project, analysing 
groundwater samples from windmills 
and agricultural bores to locate 
mineral deposits. 

The technique lends itself to 
straightforward and cost-effective 
sampling without requiring drilling, 
and the results were correlated 
against existing extensive 
mineralogical knowledge of the 
north eastern Yilgarn Craton to 
assess its usefulness.  The agreement 
between data sets was extremely 
promising, correlating well for gold 
and secondary uranium deposits.  It 
also worked well for other deposit 
types such as sulfides (including 
nickel, copper and zinc) on a smaller 
sampling scale, as many sulfide 
deposits are only of the order of a 
few hundred metres in size and may 
not have a significant ‘halo’.

The MERIWA project boasted 27 
industry sponsors, who hoped that 
this new technique would be useful 
in locating new mineral deposits.  
Industry interest has continued since 
the completed project was reported, 
as the hydrogeochemical data set 
for the north eastern Yilgarn Craton 
can now be used as a background 
baseline, making it very easy for 
companies to sample more closely 
over a smaller area of interest and 
quickly identify anomalies as potential 
mineral deposits.

The project team is looking to extend 
the technique into areas further west 
where there is more surface cover, 
which limits the effectiveness of 

Dr Ravi Anand sampling Acacia aneura as 
a part of AMIRA P778 project.
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other surface mapping and sampling 
techniques.  They are also consulting 
with scientists at the Geological 
Survey of South Australia, who are 
now using the technique to map 
most of South Australia, and are 
developing potential projects in other 
States.  Hydrogeochemical mapping 
may become the newest tool to 
boost mineral exploration outside of 
recognised mineralisation belts.

Delivery of HyLoggers to the 
National Virtual Core Library

The National Virtual Core Library 
(NVCL) aims to progressively build 
a high resolution image of the 
mineralogy and composition of the 
upper one to two kilometres of the 
Australian continent.  A national 
infrastructure development within the 
Auscope Project, the NVCL is based 
on the rich legacy of drill samples 
already held by State agencies and 
industries, and will be continuously 
extended in future as new samples 
are acquired.  

Over the last year, CSIRO’s 
HyLoggers – robotic, automated 
spectrometers – were delivered 
to each of the seven nodes of the 
NVCL, to be housed in each State 

and Territory Geological Survey.  
The Hyloggers were developed by 
CSIRO to improve the efficiency and 
objectivity of core logging by using 
reflectance spectroscopy to log the 
mineralogy of drill cores and chips.

Each instrument contains sensitive 
visible and infrared spectrometers, 
a high resolution camera, robotic 
x/y table, control software and 
data management software.  Semi-
quantitative mineralogy and 
associated mineralogical parameters 
such as intensity of alteration, 
crystallinity and chemistry can be 
extracted from the reflectance data 
generated.  The non-destructive 

measurements are fully automated, 
and a HyLogger can log an average of 
700 metres of core per day.

The HyLoggers are supported by 
interpretation software developed 
by CSIRO (The Spectral Geologist) 
for the processing, analysis, and 
visualisation of the data generated.  
Semi-quantitative descriptions of the 
mineralogical composition of drill 
cores and drill chips can then be 
stored in relational databases, accessed 
through a web delivery portal.

The combination of HyLoggers and 
web-based software developed 
through the Auscope Project will 
add immense value to existing core 
libraries, by creating pre-competitive, 
public access to the substantial drill 
holdings of Australian State, Territory 
and Federal agencies and sponsoring 
private companies.  Donations of 
scanned cores from the private sector 
are also invited, and will augment the 
value of the growing database, giving 
geologists and metallurgists greater 
insight into the composition of the 
Earth.

“The combination of 
HyLoggers and web-based 
software will add immense 
value to existing core 
libraries.”

Research Highlights

Typical geological core trays used in hyperspectral analysis.
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Petroleum Exploration and Production

Mr Philip Hazewinkel operates one of 
the gas-to-liquids test rigs at CSIRO’s 
new SynCat research facility.
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SynCat facility for improving 
gas-to-liquids processes

CSIRO is searching for better ways 
to produce liquid transport fuels 
from natural gas, in order to increase 
the value of remote onshore and 
offshore gas resources, and to 
improve the nation’s fuel security 
and self-sufficiency.  The Modified 
Fischer-Tropsch Processes for Synfuels 
program aims to improve gas-to-
liquids (GTL) technology, in order 
to simplify the process and reduce 
the GTL plant footprint.  This has the 
potential to reduce capital investment 
and operating costs, as well as raising 
the possibility of moving GTL plants 
offshore or to smaller and stranded 
gas reserves.

Development of the CSIRO Synfuels 
and Catalysis (SynCat) research 
facility in the ARRC building began 
in early 2009.  Construction of the 
first research rig was completed 
in late 2009 and commissioning is 
almost complete.  The rig can run 
continuously for months at a time to 

produce industrially significant data, 
making it the only facility of its kind in 
Australia.  The rig has been designed 
to optimise synfuel production 
processes from gas as well as other 
feedstocks, including coal and biomass.  
The rig is also flexible enough to 
trial other catalytic processes in 
continuous operation.

Work will initially be focused on 
optimising the Fischer-Tropsch 
process, by investigating reaction 
conditions, reactor design and catalyst 
design.  A major aim is to improve 
the process to give better selectivity 
towards transport fuels, with less wax 
production.  

In late 2010 a second rig will be 
constructed with ten times the 
capacity of the first, to further 
improve the industrial relevance 
of the data produced, and lead the 
way to a commercial GTL plant in 
Australia.

Research Highlights
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Drill bit design to maximise 
rock cutting efficiency

CSIRO’s drilling mechanics group 
is improving understanding of what 
happens at the bit-rock interface, 
with the aim of improving bit design, 
drilling efficiency, and productivity.  
A phenomenological approach has 
been used, quantitatively investigating 
the drilling response by lumping the 
effects of bit geometry (as well as 
the effect of the rock) into only a few 
parameters.  

The model consists of a set of 
relationships between dynamic 
variables such as weight-on-bit and 
torque-on-bit, and kinematic variables 
such as penetration rate and rotary 
speed.  Drilling efficiency can be 
investigated in terms of only two 
parameters, the specific energy that 
goes into cutting the rock, and a 
friction component, where the rest 
of the energy is dissipated.  Although 

different processes govern the drilling 
action of each bit type, in every case 
the interface laws can be simplified 
to just a pure cutting and a frictional 
component, with the difference in 
drilling actions reflected only in the 
range of the model parameters.

The model has been validated 
through a series of kinematically 
controlled drilling experiments, and 
laboratory tests have been used to 
quantify the influence of parameters 
such as drilling method, cutter 
geometry, depth of cut, cutting speed 
and mud pressure on the cutting/
friction ratio.  This information can 
then be used to improve drilling 
control parameters and bit design.

A drilling model that describes 
the energy dissipation accurately 
can also be inverted: based on the 
force measured and a knowledge 
of the drilling parameters, the 
mechanical properties of the rock 
being drilled can be extracted, along 
with information about the wear 
state of the bit.  In effect, real time 
interpretation of drilling data using 
this model could be used to optimise 
drilling and log rock properties.

This ongoing research is part of and 
exemplifies the objectives of the 
new Deep Exploration Technologies 
CRC, tackling the growing technical 
and economic challenges of deep 
exploration.  As part of the Drilling 
Technologies Program within the 
CRC, bit-rock interface modelling 
will help drilling become faster and 
cheaper, reducing a major barrier to 
exploration.

“This model could be 
used to optimise drilling 
and log rock properties.”

Dr Luiz Franca examines a 
drill bit in the lab.
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Dynamic Fault Seals

Oil and gas exploration companies 
often find that they need to drill 
through a fault, and must determine 
whether the fault will impede 
production, and ideally understand 
under what conditions a seal may 
develop across the fault zone.

The CSIRO Dynamic Fault Seal 
(DFS) project started with the 
development of an experimental 
device enabling scientists to assess 
fault seal development.  A new type 
of direct shear fluid cell, capable of 
allowing deformation to very high 
strains (>100 millimetres) under 
fluid sealed conditions has been 
designed, constructed and successfully 
operated.  The cell is coupled with 
an existing ultra-large shear rig at 

QCAT to shear rock samples and 
quantify fluid flow from one side of 
the fault to the other, under stresses 
equivalent to several kilometres of 
rock overburden.

The DFS project combines 
laboratory experiments with 
numerical modelling, carried out by 
the Nederlandse Organisatie voor 
Toegepast Natuurwetenschappelijk 
Onderzoek or TNO (Netherlands 
Organisation for Applied Scientific 
Research).  The modelling aims to 
reproduce the mechanical response 
of the deforming rock samples, with 
the intention of scaling the limited 
experimental results to a wider range 
of conditions.  The combination of 
experiments and numerical modelling 
is being used to investigate aspects 
of exploration-related fault seal 

development and production-related 
fault reactivation.

The ultimate goal of the project 
is to establish improved fault seal 
algorithms that can be used to assist 
in cost-intensive hydrocarbon field 
assessment and production.  DFS is 
sponsored by Petrobras, Chevron, 
Conoco-Philips and Total, ensuring 
that the results of the research are 
directly relevant to industry.

Research Highlights

Direct shear apparatus (1) with flow capability (2) and monitoring system (3). (1a) Shear rig frame, (1b) fluid-sealed sample cell; (2a) 
pumps and fluid reservoirs, (2b) fluid port access control (including pressure transducers); (3a) analogue-digital controller, and (3b) 
PC with interactive monitoring and control software.
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A True Triaxial Stress Cell

Researchers in Curtin’s Department of Petroleum Engineering have 
developed a True Triaxial Stress Cell (TTSC), to more accurately model the 
physical conditions experienced at depths up to four kilometres underground.  
The TTSC allows a wide range of drilling scenarios to be modelled by 
applying typical stresses to a sample in both the horizontal and vertical planes.  
Conventional cylindrical triaxial stress cells can only apply a static confining 
horizontal pressure, while varying the 
vertical pressure.  The TTSC uses a 
square cell, so varying horizontal and 
vertical stresses can be independently 
simulated, up to a pore pressure of 21 
MPa.

Fluid or gas can be injected into a 
drilled borehole in the centre of the 
rock sample, saturating the sample to 
accurately model hydraulic fracturing. 
This allows analysis of any sand 
production.  The TTSC is also unique in 
its ability to perform fracture shearing 
tests, stressing one half of the sample 
with respect to the other half.

After two years of design and 
development, the TTSC became 
fully operational at the end of 
2009.  The research now being 
conducted with this unique 
piece of equipment will provide 
insights into complex drilling 
problems, stress analysis, fraccing 
design, sand production, tight gas 
development, rock properties 
and carbon dioxide injectivity.

CSIRO and Vic DPI – one year 
of collaboration

In May 2009, CSIRO and the Victorian 
Department of Primary Industries 
(VicDPI) began a collaborative 
partnership to research and explore 
Victoria’s sedimentary basins for oil 
and gas resources.  CSIRO’s research 
expertise in petroleum systems and 
unique laboratory facilities at ARRC 
for the evaluation of rock properties, 
petroleum source rocks and 
contained fluid characteristics were 
teamed with VicDPI’s comprehensive 
knowledge of the geological 
framework and extensive data set of 
Victoria’s sedimentary basins.

The three-year agreement allows 
the integration of a wide range 
of evaluation techniques on 
petroleum systems, improving 
the characterisation of Victoria’s 
sedimentary basins to reduce oil 
and gas exploration risk.   The 
research will also be of great value 
in determining the potential for 
carbon storage in Victoria’s basins, 
and improving the understanding of 
geothermal resource potential.

Modelling scenario of CO2 
injection along the southwest 
margin of the Gippsland Basin.
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The first year of collaboration has 
focused on the Gippsland Basin 
strata for integrated analysis, because 
of the extensive data set already 
available, and because it contains 
multiple resources at various stages 
of extraction (onshore coal, tight 
gas, formation water, offshore oil and 
gas, and potential for geothermal 
energy and carbon storage).  A 
regional geological framework 
of the Gippsland Basin is being 
established.  Rock and fluid properties 
(porosity, permeability, geomechanics, 
formation water chemistry, oil and 
gas geochemistry, and hydrocarbon 
charge history) have been measured 
to populate this 3D model.

Population and analysis of this model 
has led to an initial evaluation of the 
hydrocarbon systems in the Basin.  
The fluid history of key oil and gas 
fields was analysed and matched 
with source rock geochemistry to 
delineate oil-source relationships, 
migration pathways and hydrocarbon 
charge history.

The hydrodynamic systems of the 
Gippsland Basin were also examined 
through collection and examination 
of formation water pressure, 
temperature and chemistry data, 
along with core measurements of 
porosity and permeability.  These 
systems have been significantly 
affected by human activity, with 
onshore water extraction for 
coal mine dewatering, power station 
cooling, agriculture and industry, and 
offshore extraction of hydrocarbons 
and water.   The hydrodynamic flow 
has been characterised both pre- and 
post-stress in a 3D numerical model, 
to piece together the major flow 
systems and facilitate the assessment 
of fluid extraction and potential 
carbon dioxide (CO2) injection 
impacts on the Gippsland Basin 
groundwater.

An evaluation of fault-zone 
architecture was carried out 
for some of the major basin-
forming fault systems, leading to 

3D simulation of oil and gas flow pathways and accumulations in the late Neogene – 
approximately 10 million years. Image: VicDPI.

an evaluation of both top seal and 
fault seal effectiveness in areas for 
potential future carbon storage.  
This information, combined with 
knowledge of the hydrocarbon 
systems and hydrodynamic systems, 
was used to frame some initial 
dynamic models to test the bulk 
injectivity, storage capacity and 
containment security issues for 
carbon storage in various regions 
within the Gippsland Basin.

The combined interdisciplinary 
capacity of CSIRO and the VicDPI 
is leading to an unprecedented 
characterisation of Victoria’s 
sedimentary basins.  The project is 
expected to be completed in 2012 
and information will be publicly 
available during the progress of the 
research program through the VicDPI 
website.

Research Highlights
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Listening to rocks scream

CSIRO is further investing in 
the development of its rock 
mechanics laboratory with the 
recent commissioning of a new 
custom-built, high-pressure, high-
temperature triaxial testing rig with 
full ultrasonic and acoustic emission 
monitoring.

Both high-pressure, high-
temperature triaxial cells and 
acoustic emission systems 
are existing technologies, but 
amalgamating the two into a 
robust and operable research unit 
has taken a significant amount 
of prototype development.  The 
triaxial cell and the computer 
recording system are specialised 
but commercial, whereas the 
required battery of sensors have 
been developed and prototyped 
by CSIRO, and are now being mass 
produced externally.

The rig is unique in the southern 
hemisphere and can subject rock 
specimens to in situ pressure and 
temperature conditions, with its full 
acoustic emission (AE) capabilities 
enabling scientists to hear how 
rocks break.  As a sample is stressed, 
the sound of its failure provides 
information on the mode of failure, 
and how fractures progress under 
particular conditions. In addition, 
the AE transducers can also actively 
propagate sound waves which 
allows calculation of ultrasonic 
velocity and associated properties, 
useful for understanding stress and 
saturation conditions in reservoirs. 

Experimental data sets from the 
new rig can also be used to model 
the progress and evolution of the 
failure of samples.  Researchers will 
be able to use the data obtained 
to verify existing models for more 
accurate and reliable understanding 
of reservoir behaviour.

The rig is fully tested and 
operational with a limited acoustic 
sensor suite, and should be 
complete by the third quarter of 
2010 as fabrication of the final 
set of acoustic sensors is finished.  
Research partners and industry 

CSIRO’s new addition to the rock mechanics laboratory is useful for understanding 
stress and saturation conditions in reservoirs.

“The research unit’s 
battery of sensors, 
developed and prototyped 
by CSIRO, are now being 
mass produced externally.”

groups have expressed considerable 
interest in the data that the rig 
is able to generate and attention 
should increase significantly by the 
end of the year as new data sets 
from the completed rig become 
available.
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The NMI helping to 
protect Australia’s pristine 
environment

When the Deepwater Horizon 
oil spill occurred in the Gulf of 
Mexico in April 2010, it highlighted 
how fragile the environment can 
be to human activities.  The spill, 
the largest marine oil spill in the 
history of the petroleum industry, 
is estimated to have released about 
4.9 million barrels of crude oil until 
the leak was stopped in July 2010 
by capping the gushing wellhead.  
The spill caused extensive damage 
to marine and wildlife habitats, as 
well as to the Gulf ’s fishing and 
tourism industries.

The NMI, as one of Australia’s 
leading environmental laboratories, 

has extensive experience in the 
determination of petroleum 
hydrocarbons in the environment.  
Partnering with a number of 
government environmental agencies, 
the NMI has developed analytical 
techniques able to characterise 
primary oil spills by examining total 
petroleum hydrocarbons in the 
range C6–C36, polycyclic aromatic 
hydrocarbons, and pristane/
phytane ratios.  Techniques have 
also been developed to determine 
the relevant oil spill indicator 
compounds in order to test for 
contamination of fish and biota 
caught in the wake of an oil spill.  
These indicator compounds include 
alkaylnaphthalenes, which are 
examined by gas chromatography/

mass spectrometry using selected 
ion monitoring. 

Should a similar spill occur in 
Australian waters, the NMI is 
ready with a comprehensive range 
of analytical armoury that can 
measure biogenic and contaminant 
petroleum hydrocarbons and 
heavy metal concentrations in 
the environment.  Using these 
techniques and measurements of 
samples collected during and after a 
spill, the NMI can assist its partners 
to determine the impact of a spill 
on the marine environment, and 
whether fish caught in the area 
would be safe to eat.

Environment and Health

Research Highlights
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The NMI trials groundbreaking 
analytical technology

It has always been easier to detect a 
weak emission signal against a dark 
background than a small reduction 
in emission intensity against a bright 
background.  Atomic absorption 
spectroscopy (AAS) was a CSIRO 
invention of the 1950s, and became 
successful because of its use of a 
line source rather than a continuum 
source, enabling small reductions in 
emission intensity to be accurately 
measured.  While this technique 
gave unprecedented precision and 
sensitivity in the quantitative analysis 
of many metals, it was necessarily 
limited by the availability of line 
sources with the sharpest possible 
emission lines at appropriate 
wavelengths.

Improvements in technology over 
the last decade have seen the 
reintroduction of continuum sources 
for AAS, with Analytik Jena recently 
introducing the contrAA series of 
flame and graphite furnace continuum 
source AASs to the market.  The first 
of these instruments in Australia was 
installed at the NMI in May 2010 for 
trialling and validation.  The ContrAA 
300 is a flame AAS that uses just a 
single xenon short arc light source 
for all elements.  The instrument 
provides two picometre resolution 

that is equal or better than Inductively 
Coupled Plasma Optical Emission 
Spectrometry (ICPOES).  It is also 
cheaper to run than ICPOES, and 
produces less complex absorption 
spectra.

NMI staff have been testing the 
ContrAA instrument to see how 
stable, precise and sensitive the 
technique is for the quantitative 
analysis of a range of elements, 
and to determine how much of 
an innovation it is compared to 
conventional line source AAS and 
ICPOES.  Their work culminated in a 
seminar demonstrating the capabilities 
of the instrument in August 2010.

CO2CRC Otway Project: 
Completion of Stage One, on 
to Stage Two

Stage One of the Cooperative 
Research Centre for Greenhouse 
Gas Technologies (CO2CRC) Otway 
Project has been very successful, 
with the safe injection and storage 
of about 60,000 tonnes of CO2 in a 
depleted gas reservoir two kilometres 
underground.  Injection ceased in 
August 2009.

The project, Australia’s first 
demonstration of CO2 
geosequestration, is currently in a 
monitoring phase, with seismic and 
geochemical monitoring producing 
an accurate picture of the stored 
CO2 and improving understanding of 
its behaviour.  Assurance monitoring 
of the surrounding air, soil and 
groundwater is demonstrating secure 
containment of the CO2, and will 
continue for at least the next four 
years.

As a result of the tangible success 
of Stage One, Stage Two is 
now underway to demonstrate 
geosequestration of CO2 in a 
saline aquifer.  Aquifers with saline 
groundwater are a common type 
of geological formation worldwide, 
and have large potential for storing 

significant quantities of CO2.  
However the pore-scale trapping 
mechanisms for CO2 in these 
heterogeneous formations are very 
different from the structural traps of 
depleted gas reservoirs, necessitating 
detailed study and modelling of how 
the CO2 behaves in these formations.

Preparation and modelling for 
Stage Two is well underway, and 
a 1,656 metre injection well was 
drilled into the Paaratte Formation 
in February 2010.  Over 176 metres 
of high quality core samples were 
retrieved during drilling and will be 
used to characterise the reservoir 
properties to better predict CO2 
migration and storage behaviour.  
CO2 injection trials will begin in 
2011 once the analysis and field 
engineering work is complete.

CSIRO’s Tess Dance examines a core 
sample.

The new Otway Project injection well 
was drilled to 1,656 metres.

NMI’s Geoff Firns with the high resolution 
continuum source atomic absorption 
spectrophotometer.
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Science protects ancient  
rock art

Researchers from CSIRO have been 
part of a team studying the impact 
of nearby industrial development 
on galleries of ancient rock art on 
the Burrup Peninsula.  The Burrup 
Peninsula, in the Pilbara region of 
Western Australia, houses the world’s 
largest collection of indigenous rock 
art, with nearly one million engravings 
(petroglyphs) depicting land and 
marine animals, human figures, and 
geometric patterns at many sites 
across the peninsula and the Dampier 
Archipelago.  The petroglyphs 
are carved into the dark brown 
weathered oxide coating of the local 
rocks, exposing the contrasting pale 
fresh rock interior.  The art ranges 
from recent carvings to petroglyphs 
that may be as much as 40,000 years 
old.

The Burrup Peninsula became home 
to an iron ore terminal and port in 
the 1960s, a liquified natural gas plant 
in the late 1980s, more recently an 
ammonia fertiliser plant, and more 
heavy and chemical industries are 
now in development or proposed 
for the area.  Concerns over whether 

industrial emissions were affecting the 
rock art prompted an initial six-year 
environmental study. 

CSIRO scientists used 
spectrophotometry and reflectance 
spectroscopy to study any changes 
in colour, contrast, or mineralogical 
composition of the rock art over 
the six-year monitoring period.  
Individual petroglyphs were chosen 
at eight monitoring sites, ranging 
from areas expected to be highly 
exposed to pollutants to more 
sheltered areas, based on wind 
direction, rock inclination and 
proximity to industry.  Three sampling 
areas were then identified on each 
petroglyph, consisting of paired 
‘fresh’ and ‘weathered’ surfaces, 
giving six sampling points for each 
petroglyph.  Spectrophotometry 
records the colour of a surface using 
an internationally accepted numerical 
system, and reflectance spectroscopy 

analyses the light reflected in the 
visible to short-wave infrared range 
to quantitatively determine many 
minerals present.  Both techniques 
are non-destructive, avoiding the 
need to touch or sample the rock 
surface.

No perceptible change in any of the 
criteria were recorded over nearly 
2,500 individual measurements 
between 2004 and 2009, indicating 
that there was no increase in 
colour change over that time.  The 
colour study was complemented by 
monitoring key air pollutants at the 
study sites, which found that airborne 
dust was consistent with locally-
derived soil dust particles and sea salt, 
but not dust derived from the nearby 
industries.  Dispersal of pollutants 
such as sulfur dioxide and nitrous 
oxides were also modelled, and 
concluded that current and future 
concentrations would be minor, and 
unlikely to impact on the rock art.

Although no changes have been seen 
to date, the rock art is of such cultural 
and archaeological significance that 
the monitoring project will continue 
for a further 10 years, with a review 
after five years.

Research Highlights

“Scientist can study 
any changes in colour, 
contrast, or mineralogical 
composition of the rock 
art.”
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Image courtesy of iVec



ARRC Annual Report 2009-10 25

‘Plug and play’ supercomputing

Plug and play computing as a concept 
is now commonplace, and the 
convenience of being able to plug 
in an external hard drive or other 
computer peripheral and use it 
immediately is extremely appealing.  
The same has never been true of 
supercomputers, with their data 
centres full of modular racks and 
complex cooling systems.  Until now.  

As part of the first stage of the 
Pawsey Centre project, Western 
Australian supercomputing hub 
iVEC has ordered a new-generation 
Performance Optimised Data (POD) 
Centre from Hewlett-Packard, to be 
installed into its Murdoch University 
facilities.  Looking like an ordinary 
shipping container on the outside, 
the POD is effectively a plug and play 
supercomputer, housing an energy-
efficient 107 teraflop system, using 
HP ProLiant Blade servers with 
9,600 cores and 500 terabytes of 
high performance storage.  With the 
CPU racks already assembled and a 
self-contained chilled water cooling 
system plumbed throughout, all the 
POD needs is a supply of electricity 
and water, and it is ready to link into 
iVEC’s 10 gigabit per second network.

Plug and play technology is 
synonymous with convenience and 
speed, and the POD will allow this 

stage of the Pawsey 
Centre project to be 
online by November 
2010, only four 
months after the 
acquisition deal was 
finalised.  It will also 
be twenty times more 
powerful than the 
three current iVEC 
supercomputers 
combined.  The 
POD deployment is 
expected to rank as one of the top 
100 global supercomputing centres, 
and when fully online in 2013, the 
Pawsey Centre will be one of the 
most significant supercomputing 
facilities in the world.

This massive increase in computing 
capability is another step towards 
providing the infrastructure for 
Australia’s bid to host the SKA, and 
will significantly boost the resources 
available to the radioastronomy, 
nanoscience, geoscience and other 
computational communities.

X-ray tomography and 
supercomputing combine for 
mineral discovery

X-ray tomography is familiar from 
medicine (CAT scans), enabling 
people’s internal structure to be 
reconstructed as a 3D image.  It is 
also used in metallurgy and mineral 
processing, to characterise material 
going into and out of mills and plants.  
Coupled with increasingly powerful 
computing and analysis software, the 
technique is now finding application 
in ore deposit studies.

CSIRO scientists are using high-
resolution x-ray tomography at 
resolutions down to one micron 
to recreate the 3D mineralogy and 
microstructure inside rock samples.  
Although techniques to characterise 
rocks in 2D have been available for 
hundreds of years, accessing the 

third dimension gives rise to vast 
amounts of useful information, in 
addition to enormous data files.  The 
distribution of platinum in platinum 
ores is a pertinent example.  As it is 
an extremely rare element, platinum 
forms  small and sparse mineral grains 
that are statistically unlikely to be 
seen in a sample cross-section.  But 
by imaging an entire volume of rock 
the platinum grains are highly visible, 
making it easy to determine their 
abundance and association with other 
minerals. 

CSIRO expects the technique to have 
major applications in gold mining.  
Gold ores are often viable to mine at 
concentrations of two to three parts 
per million, but those concentrations 
make it similarly difficult to determine 
the gold distribution and associated 
mineralogy using 2D techniques.

Another application is in studying 
the distribution of arsenic in nickel 
sulfides.  Detailed knowledge of 
arsenic mineralogy and distribution 
is becoming increasingly important 
because of the environmental 
problems arsenic can cause during 
the processing of nickel ores.

The combination of x-ray 
tomography and high-performance 
computing is set to become an 
essential tool in understanding 
mineral deposition, allowing deposits 
to be identified more easily and 
accurately, and providing a wealth of 
additional process information.

High Performance Computing

Inside the HP POD, it will be fully online 
in 2013.
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AuScope Grid and the Spatial 
Information Services Stack

High performance computing 
infrastructure was once fragmented 
across Australia, with computers 
using different configurations and 
architecture, software and scripting 
languages.  Pre-competitive data 
sets available through various state 
government agencies were hardly 
ever interoperable.  Compiling, 
analysing and using much of the 
geoscience data available in Australia 
once required a degree in computing 
and a lot of patience.

The AuScope Grid project has been 
changing this, and is moving from 
strength to strength with more 
funding, more data, and extensions 
into new domains.  Since 2008, the 
AuScope Grid project has been 
creating a national e-Research 
infrastructure to make nationally-
distributed data sets and high-
performance computing resources 
interoperable, and to develop tools to 
manipulate large data volumes.  The 
AuScope Grid, using developments 
in the CSIRO Minerals Down Under 
Flagship, aims to eventually link the 
major geoscience and geospatial data 
stores of the government agencies 
with the high-performance computing 
resources and high-bandwidth 
networks of the academic and 
industry communities. 

CSIRO is developing open source, 
open standards software solutions 
to solve data exchange problems 
across organisational boundaries.  
Consistency is achieved between 
data formats and programming 
languages by translating information 
into nationally and internationally 
standardised formats (GeosciML, 
Earth Resource ML) that sit in the 
infrastructure layer, without altering 
any of the underlying databases.  
Examples now in common use 
include the Spatial Information 
Services Stack for OGC web services, 
the Desktop Modelling Toolkit for 
developing and processing complex 
geoscientific models, and Geodesy 
Workflow, which can process 
geodesic information collected by 
the many GPS stations deployed in 
Australia by AuScope and Geoscience 
Australia.

More recently, the virtual rock 
laboratory was created to analyse 

rock mechanics and breakage.  The 
interface uses pre-constructed 
components of the discrete element 
method code ESyS-Particle which 
can be customised into a particular 
model to simulate rock crushing 
experiments.

The Grid methodology has been 
proven successful, and is now being 
extended to other domains, with 
$2 million awarded for further 
development and deployment of the 
Spatial Information Services Stack.  
This complete suite of tools will 
allow for spatial data interoperability 
across multiple Australian government 
agencies and research organisations.  
Earth science data grids are now 
being integrated with climate and 
water information, meteorological 
information, and marine information, 
with the number of data contributors 
growing monthly. 

By improving accessibility to 
information, Australia will become 
more attractive for exploration 
investment, and the new 
opportunities to integrate and analyse 
data will lead to improvements in the 
geosciences and other areas and aid 
in the development of evidenced-
based policy in Government.

“The AuScope Grid 
project will give scientists 
a better view of the 
mineralogical composition 
of the upper one to 
two kilometres of the 
continent.”
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Science Cafe for Girls

Female scientists from CSIRO 
met with high school girls over 
morning tea to promote careers 
in science as part of the Science 
Cafe for Girls event, during National 
Science Week in August 2009.  Dr 
Valerie Sage, who is developing 
technologies to convert natural 
gas into useful petroleum products, 
and Ms Charlotte Stalvies, who 
is developing sensors to detect 
hydrocarbon seepage in the marine 
environment, were joined by 32 
other female scientists from fields 
as diverse as engineering, curating, 
zoology, mathematics and science 
communication, to represent the 

range of career opportunities 
science can offer. 

The event was opened by Professor 
Lyn Beazley AO, Chief Scientist of 
Western Australia, who shared her 
own personal experiences of being 
a woman in the science world.  
Small round table discussions 
followed, with groups of six to 
eight female high school students 
from across the Perth metropolitan 
area meeting pairs of scientists to 
discuss their careers, their various 
pathways into science, and ask 
questions.  Each group spent about 
20 minutes together, before moving 
onto another table.  This gave the 
students the opportunity to speak 

one-on-one with scientists and ask 
them questions such as what the life 
of a scientist was like, the demands 
of particular jobs, and obtain 
practical knowledge about science 
career pathways of interest.

The inaugural event, a collaborative 
initiative between Scitech, UWA 
and the WA National Science Week 
Coordinating Committee, was so 
successful that it was held again 
during National Science Week 2010.

CSIRO scientists met with 
high school girls to discuss 
opportunities for exciting 
science careers.
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Office of the Chief Executive 
Science Leader, Dr Michael 
Glinsky

Dr Michael Glinsky joined CSIRO 
in January 2010 as the latest of 
18 Office of the Chief Executive 
Science Leaders.  Dr Glinsky is a 
geophysicist with broad experience 
in quantitative seismic interpretation 
and computational geophysics, 
with experience gained at Shell 
International Exploration and 
Production and BHP Billiton.

The Science Leader’s chief objective 
is to articulate the scientific 
vision for the group, and lead the 
achievement of that vision.  Since 
January, Dr Glinsky has already 
helped define the research vision 
for CSIRO Earth Science and 
Resource Engineering, especially in 
terms of developing the geophysical 
links and competencies between 
the mining and petroleum parts of 
the newly merged Division.

Self-organisation of sedimentary 
geology is an area of research 

with the potential to have a very 
significant scientific impact, build 
CSIRO’s core competency and 
its international and scientific 
reputation and by the same token 
be considered as big-picture, 
high-risk research.  Plate tectonics 
gives a physics-based framework 
for understanding and predicting 
structural geology, but currently 
there is no equivalent framework 
for sedimentary geology, and no 
predictive capacity for geologic 
sedimentation.  Research on 
understanding natural self-
organisation or emergent behaviour 
has been applied in the past to the 
financial industry and biological 
systems, but Dr Glinsky contends 
that it also holds significant (and 
currently untapped) promise for 
geophysical systems.

Sedimentary formations are 
obviously well-organised, even 
though there is a random 
component in deposition.  Although 
there may be an infinite number of 
ways that minerals can deposit, in 
practice, a handful of parameters 
can be used to describe the system, 
even if their physical identities are 
not clear.  These complex self-
organisation processes may be 
able to be described in terms of 
dynamical systems, particularly 
those with a friction or energy-loss 
mechanism.  If a physical dynamics 
and mathematics-based framework 
can be developed for sedimentation, 
it would have enormous impact 
not just on understanding and 
classifying these structures, but 
also enable prediction of geologic 
texture and properties.  Developing 
this framework is a big-picture 
proposition, but one that would 
both significantly advance scientific 
understanding and be quite 
practical in providing methodologies 

that could be applied on a day-to-
day basis in petroleum, mining, and 
other resource industries.

Another major research vision for 
CSIRO is to expand the use of 
high performance computing in the 
modelling of geological processes 
and the analysis of geophysical 
data with uncertainty.  Improving 
data assimilation and developing 
data inversion technologies will 
improve the assessment of resource 
potential and better constrain 
known resources to minimise the 
risk and uncertainty associated with 
developing a new resource deposit.

As part of his position, Dr Glinsky 
will also be gathering and mentoring 
a group of postdoctoral fellows and 
graduate students to help them 
contribute to the achievement of 
CSIRO’s research and development 
goals.  In line with the shared vision 
for the group, he will be mentoring 
the next generation of scientists 
entering the workforce, increasing 
international collaboration, and 
building up the competencies 
required to work with other world 
class scientists on problems that 
are both scientifically interesting 
and whose solutions will create 
significant value for Australia.

“Developing this framework 
is a ‘big-picture’ proposition 
that could be applied 
on a day-to-day basis in 
petroleum, mining, and 
other resources industries.”

Dr Michael Glinsky is CSIRO’s new 
Office of the Chief Executive Science 
Leader.

Education and Training
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Australia-China Natural Gas 
Technology Partnership Fund 
top-up scholarships

The Australia China Natural Gas 
Technology Partnership Fund has 
now been operating for six years, as 
part of an agreement for Australia 
to supply liquified natural gas (LNG) 
to China.  It provides opportunities 
for training, scholarships, research 
and technology transfer between 
Australia and China in the natural 
gas and LNG industries.

The Fund’s executive training 
program for Chinese LNG 
managers and executives is in 
its sixth year, assisting Chinese 
professionals to learn about the 
LNG and natural gas business.  
Funding has recently also 
been extended to a series of 

postgraduate top-up scholarships.  
Fund partners, the Australian and 
Western Australian Governments 
and North West Shelf Australia 
LNG, worked in association with 
WA:ERA to award six inaugural 
top-up scholarships in 2009 and a 
further 18 in September 2010, to 
students undertaking postgraduate 
research in the area of LNG or 
natural gas technologies.

Another new initiative is providing 
funding to Chinese and Australian 
bodies with relevant proposals for 
research, training or experience in 
natural gas in Australia and China.  
The first round of submissions 
were assessed this year, with nine 
proposals approved for funding in 
August 2010.

The Australia-China Natural Gas Technology Partnership Fund has been extended to award six inaugural top-up scholarships in 
2009, and a further 18 in September 2010.
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Visitors
ARRC hosted a number of visitors 
on site throughout the financial 
year, including individuals coming 
to collaborate with the various 
research teams and institutions, 
and organisations creating or 
strengthening links with their 
research partners.

The Australian Geothermal 
Energy Association held a 
meeting at ARRC in August 2009, 
gathering together representatives 
from the Australian geothermal 
energy industry.  It also provided 
an opportunity for Dr Edson 
Nagakawa from CSIRO to present 
the Association with an overview 
of CSIRO’s strategies in the area 
of geothermal energy research.  
Discussion then centred on CSIRO’s 
capabilities and research in the area, 
and the plans for WAGCOE (at 
that time due to open in several 
months).  The meeting raised the 
likelihood of collaborative work 
between the Association and 
CSIRO in the future, to develop, 
trial and promote geothermal 
energy technologies in Australia.

CSIRO hosted a visit by Japan’s 
Earth Remote Sensing Data 
Analysis Centre (ERSDAC) 
following the signing of a 
Memorandum of Understanding 
(MoU) in December 2008.  
Increased collaboration between 
the two institutions is in the areas 
of instrument calibration and data 
applications for remote sensing 
technologies for Earth observation.  
The recent meeting discussed 
mapping and monitoring of the 
land surface for environmental 
monitoring and management, and 
also involved representatives from 
the German National Research 
Centre for Earth Sciences (GFZ) 

and the Western Australian 
Department of Agriculture and 
Food (DAFWA).  

ERSDAC and GFZ are responsible 
for the development and 
management of hyperspectral 
satellite programs in their 
respective countries, both with 
new satellites scheduled to launch 
in 2013/2014.  One of the main 
drivers for these satellites is to 
provide new hyperspectral visible 
to shortwave infrared image data 
for better mapping and managing 
the Earth’s land surface, particularly 
for mapping and modelling 
desertification and soil degradation 
caused by salinity, acidity, wind and 
water erosion.

CSIRO, ERSDAC, GFZ, DAFWA 
and UWA are currently working 
with local wheat farmers in the 
Mullewa area 100 kilometres east 
of Geraldton to evaluate current 
airborne hyperspectral technologies 
for mapping soil attributes, as 
current multispectral satellite 
data have proven ineffective for 
assessing some major soil types in 
the area.  This research will be used 

to help develop more accurate 
hyperspectral surface soil products 
and information delivery networks 
between the satellites and science 
teams prior to the launch of the 
new satellites.

Continuing the focus on 
hyperspectral imagery, the United 
States Geological Survey (USGS) 
visited ARRC in September 2010 
to discuss optimising their coverage 
of airborne hyperspectral imagery 
of Afghanistan with CSIRO.  The 
USGS are mapping the entire 
region to assess both the potential 
for economic mineral resources 
and the environmental impact of 
changing groundwater use, including 
salinisation.

The Chinese Geological Survey’s 
Airborne Geophysics and Remote 
Sensing Group (AGRS) also visited 
CSIRO in August 2010, seeking 
opportunities for collaboration 
under an existing MoU, in a range 
of airborne and satellite geological 
and environmental remote sensing 
activities.

Visitors from Japan’s Earth Remote Sensing Data Analysis Centre with CSIRO’s  
Dr Steve Harvey, Dr Chris Yeats and Dr Thomas Cudahy.
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Outreach and Engagement
Events
Many of the major events hosted at ARRC are 
described in more detail elsewhere in this report, 
in the general and research highlights.  With the 
number of research organisations housed at 
ARRC, not every event can be described in detail.  
A selection is given below.

CSIRO opened its doors to about 40 teachers at 
the CSIRO Unearthed event held at ARRC during 
National Science Week in August 2009.  Primary 
and secondary science teachers converged at 
ARRC to hear Western Australian Chief Scientist 
Lyn Beazley AO speak about the importance of 
science in today’s world, followed by presentations 
on reducing greenhouse gas emissions through the 
geological storage of CO2, and geothermal energy 
as a clean energy source for the future.  iVEC then 
demonstrated the power of supercomputing with 
a 3D visualisation experience used in the mining 
industry.  The teachers then joined a number of 
laboratory tours, with scientists on hand to explain 
how their research is conducted, and discuss how 
it relates to the school curriculum.  The aim of 
the evening was to inform and enthuse teachers 
about science research in the resources sector, so 
that they in turn can inspire their students with the 
relevance and application of science.

The Peter Hornby 
Symposium was held 
at ARRC in December 
2009, to celebrate the 
life and work of CSIRO 
mathematician Peter 
Hornby (1957–2009).  
Peter was an employee 
with the former CSIRO 
Division of Exploration and 
Mining, a quiet achiever 
applying his talent for 
applied mathematics and 
computer programming to 
problems spanning a range 
of physical sciences – from 
quantum physics, thermodynamics and statistical mechanics 
through to geomechanics, geophysics and information theory.  
His scientific vision underpinned much of CSIRO’s computational 
geoscience research, helping CSIRO achieve global prominence 
in the areas of grid computing, information science and numerical 
modelling of geological phenomena.  The Symposium celebrated 
and showcased his work, and highlighted the impact it has had 
in many different research areas.  Sixty staff and guests, including 
Peter’s family,  attended the Symposium to hear presentations 
from Peter’s colleagues, both from within CSIRO and externally, 
on aspects of his work, how it had been applied, and how his 
work had laid the foundations for other research endeavours.

In August 2009 WA:ERA formed a new research alliance with CGGVeritas, a global geophysical company delivering 
images of the Earth’s subsurface for oil and gas exploration and development.  The collaboration will identify 
opportunities for research, development and commercial application of advanced geophysical technologies in the 
exploration and optimal exploitation of energy sources.  Through defining a portfolio of unique research projects based 
on the common strengths of CGGVeritas and the WA:ERA partners, the alliance will better meet industry needs in 
conventional and emerging seismic markets such as unconventional reservoirs (heavy oil sands, tight and shale gas, coal 
seam gas), advancing imaging techniques to optimise reservoir management and production.

Mr Mark Stickells addressing the CGGVeritas and the WA:ERA partners during the official launch of the research alliance.
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CSIRO-PETRONAS 
engagement team awarded 
CSIRO Medal

A team of staff from CSIRO and 
PETRONAS were awarded the 
CSIRO Medal in October 2009 for 
initiating and developing the CSIRO-
PETRONAS Strategic Alliance. 

The Alliance was formalised in 
December 2008, further building on 
the long relationship between the 
two organisations and formalising 
collaborative activities.

The CSIRO-PETRONAS engagement 
team pulled together essential 
scientific, business and legal skills 
from across both organisations to 
identify areas of common interest 
and strategic alignment opportunities.  
They held aspirational and 

engagement workshops, developed 
joint project proposals, and built a 
strong foundation of trust between 
the technical, legal and commercial 
teams across both organisations 
which has culminated in a successful 
business collaboration.

The partnership is now a true 
collaboration, with common priorities 
driving joint projects, secondments, 
co-publications, capability 
development, and technology 
development and transfer in both 
organisations.  It also provides 
both organisations with an avenue 
for further testing and applying 
technology, improving the path to 
impact for new developments.

Awards and Recognition



ARRC Annual Report 2009-10 35

Scholarship to collaborate on 
carbon storage studies

Dr Linda Stalker of CSIRO visited the 
Lawrence Berkeley National Research 
Laboratory (LBNL) in April 2010, 
through a travel grant awarded from 
the Australian Academy of Science’s 
Scientific Visits to the United States 
of America, Canada and Mexico 
program.

Dr Stalker is a gas geochemist, 
working on CO2 geosequestration, 
particularly the monitoring and 
verification of CO2 storage.  As a 
participant in the CO2CRC, she 
works on the Otway Project in 
Victoria, Australia’s first trial of the 
geological storage of CO2.  The LBNL 
also collaborates on the Otway 
Project, in addition to contributing 
to other pilot demonstrations in 
America.

The travel grant, one of about 70 
awarded, enabled Dr Stalker to spend 
three weeks working with staff at the 
LBNL, particularly collaborating with 
Dr Barry Freifeld to work on the 
most recent results from Stage One 
of the Otway Project.  She was also 
able to compare the Victorian data 
with similar work at a site in Cranfield 

Mississippi, where significantly larger 
amounts of CO2 have been injected 
into another depleted natural gas 
field, and discuss other American 
projects applying similar tools and 
technologies.

In her time at LBNL, Dr Stalker 
prepared an update on the Otway 
Project and her work in monitoring 
the movement and behaviour of 

Dr Barry Freifeld and Mr Tom Daley of LBNL (on the far right) deploying the bottom-
hole-assembly at Otway.

Dr Linda Stalker enjoying the pristine waters at Mirror 
Lake in Yosemite National Park.

View of San Francisco from the LBNL.

the injected CO2.  This was then 
presented at the 9th Annual Carbon 
Capture and Storage Conference in 
Pittsburgh.

The visit consolidated the 
collaboration between LBNL and the 
CO2CRC, and raised the possibility 
of a specific partnership forming with 
CSIRO or WA:ERA in the future.
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Abu Dhabi National Oil Company 
(ADNOC)

Adelaide resources

AGL

Alkane Resources

Anglo American Exploration 
(Australia)

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

Goldfields

GNS Science (New Zealand)

Halcyon Resources

Helix Resources

Heron Resources

Independence Group

Icon Technologies

Institut Francaise du Petrole (IFP)

Inco Technical Services

INPEX 

InterMet Resources

InterOil

Jabiru Metals

Japan Oil, Gas and Metals National 
Corporation (JOGMEC)

Industry Clients
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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

Petronas Research Sdn Bdh (PRSB)

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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Financial Report
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ARRC Metrics

CSIRO PR  CSIRO Petroleum Resources

CSIRO E&M  CSIRO Exploration and Mining

CSIRO CESRE  CSIRO Earth Science and Resource Engineering

Curtin Geophys  Curtin University Department of Exploration 
Geophysics

Curtin Pet Eng  Curtin University Department of Petroleum 
Engineering

CoE EPG  Centre of Excellence for Exploration and Production

CoE PR  Centre of Excellence for Petroleum Research

WA PRC  Western Australian Petroleum Research Centre

CoE HDG  Centre of Excellence for High Definition Geophysics

Curtin RGC  Curtin Reservoir Geophysics Consortium

NMI  National Measurement Institute

BHP Billiton  BHP Billiton Perth Technology Centre

Chevron  Perth Technology Centre, Chevron Energy Technology 
Company

CRC LEME  Cooperative Research Centre for Landscape 
Environments and Mineral Exploration

pmd*CRC  Cooperative Research Centre for Predictive Mineral 
Discovery

APCRC  Australian Petroleum Cooperative Research Centre

CO2CRC  Cooperative Research Centre for Greenhouse Gas 
Technologies

CSRP  Cooperative Research Centre for Sustainable Resource 
Processing

iVEC  The hub of advanced computing in Western Australia

WA:ERA  Western Australian Energy Research Alliance

R2D3  Research to Discover, Develop and Deploy (WA:ERA and 
Woodside)

AES:WA  Western Australian Alliance for Advanced Energy Solutions 
(WA:ERA and Chevron)

ESWA  Earth Science Western Australia

AARNet  Australia’s Academic and Research Network

WACoE for 3DMM  WA Centre of Excellence for 3D Mineral Mapping

WAGCoE  WA Geothermal Centre of Excellence

WfO  Wealth from Oceans National Research Flagship

ETF  Energy Transformed National Research Flagship

MDU  Minerals Down Under National Research Flagship
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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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