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Annual Report
1 July 2017 — 30 June 2018

DET CRC’s Core Purpose
Uncovering the Future
To develop transformational technologies for successful mineral exploration through
deep, barren cover rocks to be utilised and commercialised by the mineral exploration
industry in order to replace the world’s declining mineral resource inventories and
thereby enable continuing improvement in global standards-of-living.

The Deep Exploration Technologies Cooperative Research Centre was established and
is supported by the Australian Government's Cooperative Research Centres Program.
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DET CRC has successfully designed, fabricated, deployed and licenced its key technologies (i.e. the RoXplorer®
coiled tubing drilling system, Wireless Sub, AutoSonde, AutoShuttle, and Lab-at-Rig®), thereby achieving its
desired goals. Once commercialised by their licensors, these technologies will open the ~70% of Australia
where mineral deposits are hidden by barren cover rocks, to ‘prospecting drilling’ which will enable progressive
vectoring towards concealed mineral deposits using multiple, cheap holes in a single drilling campaign.
A key activity during 2017-2018 was the planning of an extended deployment of the RoXplorer® coiled tubing
drilling system by Participant, Barrick Gold in Nevada, USA. At 30 June 2018, RoXplorer® was in the USA in the
final stages of preparation for the deployment. RoXplorer® was licenced by Participant METS Supplier, Imdex in
July 2018. It received a CRC Association Award for Excellence in Innovation in May 2018.
Other highlights during the reporting year include construction of RoXplorer® 2 (the second RoXplorer® prototype)
and its delivery to Curtin University in September 2017. Our CTrol® drilling fluid was very successful in reducing
fluid loss in boreholes at the Brukunga Drilling Research and Training Facility (DRTF).
Prototypes of the AutoSonde and AutoShuttle underwent significant development, laboratory testing and
successful field testing during 2017-18 and have been licenced. Prototypes of both the GeoSub (tilt and gamma
sensor for coiled tubing drilling) and televiewer for coiled tubing drilling were fabricated, laboratory-tested and
underwent initial field trials.
The Lab-at-Rig® system for analysis of drill cuttings was successfully modified to deal with CT drilling utilising
percussion. There were also advances in our software for analysing Lab-at-Rig® data for mineralogical and
geochemical analysis, namely SwiftMin, GeoLIBS® and GeoPIXE.
DET CRC’s final conference was held in September 2017 at the Brukunga DRTF and Hahndorf, SA. It included
a real-time demonstration of the RoXplorer® coiled tubing drilling system, Wireless Sub, AutoSonde, AutoShuttle,
and of the GeoSub, televiewer and Lab-at-Rig® for coiled tubing drilling. ~140 DET CRC delegates attended,
70% from industry/end user organisations.
DET CRC prepared and submitted in July 2017 the Stage 1 MinEx CRC bid at the request of its Science Steering
Committee. The bid successfully passed to Stage 2, thereafter being run by an independent team. The MinEx
CRC bid was successful in March 2018, being awarded $50M CRC Programme funds towards a $218M
endeavour.
DET CRC has reached its target of 40 postgraduate research completions. There were 13 completions during
the reporting period taking the total to 40, with another three theses under examination. In addition to these 43
students, we estimate an additional seven students will complete subsequent to 30 June 2018 for a total of 50
completions and a remarkable 85% overall completion rate.
DET CRC achieved all its Commonwealth Output and Utilisation Milestones due during the reporting period and
has met all its Commonwealth Milestones due over its lifetime. DET CRC increased its lifetime end-user
financial cash support from $21M (original Commonwealth Agreement Budget) to $34M and increased in-kind
support from $62M to $93M, despite the mining downturn of 2012-2016 and associated collapse in mineral
exploration activity.
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Achievements

The following summarises the key achievements of DET CRC during 2017-2018.
4.2.1 Head Office and Awards
• DET CRC’s Head Office continued to be embedded in Boart Longyear’s Asia Pacific Headquarters at
Adelaide Airport, demonstrating its end-user focus and facilitating interactions between researchers and endusers.
• Communications and Administration Manager Anna Porter was embedded within CSIRO, at the Australian
Resources Research Centre in Perth, for the final 12 months of her contract.
• The contract of DET CRC’s coiled tubing driller Bayden Gray was extended from 31 October 2017 until 30
June 2018 to complement that of Project Leader, Soren Soe.
• On 30 June 2018, the employment of Richard Hillis (CEO), Soren Soe (Program 1 Leader) and Anna Porter
(Communications and Administration Manager) ended at the conclusion of fixed term contracts.
• Richard Hillis was replaced as CEO by Ian Hardwick (former CFO) from 1 July 2018 through to the final
closure of DET CRC on 30 September 2018.
• Program 3 geologists Ben van der Hoek and Caroline Tiddy moved from the University of Adelaide to the
University of South Australia node of DET CRC, housed within the Future Industries Institute, where they
joined Program 3 Leader Prof. David Giles.
• Our annual ‘Best Technology Prize’ was won by the by the Curtin University component of the Project 1.1
team, who received the prize for their work on CTrol® and CTrolX, the drilling fluid systems for the
RoXplorer® coiled tubing drilling system.
• Our annual ‘Best Paper Prize’ was won by Le Van Anh Cuong (Curtin University) and co-authors Brett Harris,
Andrew Pethick, Eric Takam (all Curtin University) and Brendan Howe (Teck Resources) for their paper
entitled ‘Semiautomatic and Automatic Cooperative Inversion of Seismic and Magnetotelluric Data’ which was
published in ‘Surveys in Geophysics’.
• Our annual ‘Student Prize’ was won by Hongyang Zhang (Curtin University).
• The Project 1.1 team were awarded a prestigious ‘Award for Excellence in Innovation’ for the RoXplorer®
coiled tubing drill rig from the CRC Association. These awards were initiated in 1999 to recognise
outstanding examples of CRC innovations. The award was presented at a Gala Dinner as part of the CRC
Association’s 2018 Annual Conference.
• The RoXplorer® coiled tubing drill rig was nominated for a Mining Magazine ‘Exploration’ award. These
annual awards recognise outstanding new technologies, initiatives and equipment performance in the mining
sector over a range of categories.
• Project Leader Heike Ebendorff-Heidepriem (University of Adelaide) was the recipient of the Technology
Award at the 2017 SA Women in Innovation Awards. These awards showcase and celebrate the successes
of female innovators who are changing the game in South Australia.

RoXplorer® coiled tubing drill rig.
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4.2.2 Participants
• No changes to Participants during the reporting year.
• From a life-of-CRC perspective, end-user financial cash support increased from $20.6M (original
Commonwealth Agreement Budget) to $33.9M and in-kind support increased from $61.5M to $93.1M, despite
the mining downturn of 2011-2016 and the associated collapse in mineral exploration activity.
• From a life-of-CRC perspective, DET CRC engaged with 63 Participants, Other Participants and Affiliates
with a very strong industry focus witnessed by:
➢ head office embedded in industry;
➢ ~30% of research funds flowing to industry;
➢ engagement with 110 industry-based researchers (~27 cash-funded industry FTE person years and ~78
in-kind FTE person years), comprising approximately one third of DET CRC’s total research FTE;
➢ strong engagement of industry in the Science Steering Committee and on project reviews, and;
➢ approximately half of the attendees at each annual conference being from industry.
4.2.3 Small to Medium Enterprise (SME) Engagement
• The number of DET CRC Affiliates remained at 18 during the reporting year comprising four junior mineral
exploration companies, eight mineral exploration supplier companies and six State and Commonwealth
Geological Surveys.
• Globaltech continued its involvement as a party to Project 2.2 and is manufacturing, for Boart Longyear the
commercial products being developed from the DET CRC technologies licenced by Boart Longyear (i.e.
AutoSonde, AutoShuttle and Wireless Sub).
• DET CRC engaged with numerous other SMEs in R&D and utilisation activities. These are summarised in
Section 4.7.
4.2.4 Communications
• DET CRC held its seventh and final Annual Conference: ‘Uncovering the Future VII’ in Hahndorf, SA, and at
our Brukunga Drilling Research & Training Facility. Events were held over the period 12 – 15 September
2017 and attended by ~140 delegates, ~70% of whom were from industry/end-user organisations. The
highlight of the conference was a live demonstration of DET CRC’s drilling, sensing, sampling and analytical
platforms developed over its lifetime.
• There were two press releases during the reporting period, viz.:
➢ ‘Revolutionary Drill Rig a Step Closer After Successful Victorian Trial’ (September 2017), and;
➢ ‘RoXplorer® Coiled Tubing Drill Rig Successfully Drills Consolidated and Unconsolidated Cover Rocks
and Basement and Delivers Representative Samples’ (September 2017).
• Our sponsor-only, half-day briefing at the Prospectors and Developers Association of Canada (PDAC)
Conference in Toronto had ~57 attendees (86% from industry; 14% from research organisations).
• Four editions of the quarterly eNews ‘EXPLORE’ were distributed during the reporting period.
• Eleven new videos were uploaded to DET CRC TV on YouTube. At June 2018, DET CRC TV videos had
generated over 43,000 views.

Technology demonstrations at the 2017 Annual Conference.
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4.2.5 Research Management
• All Commonwealth Output and Utilisation Milestones due during the reporting period were completed, DET
CRC has met all its Commonwealth Milestones due over its lifetime.
• At 30 June 2018; 93% of 1725 internal quarterly project milestones had been met.
• Seven Phase II projects were active during the reporting period.
• Three Opportunity Fund projects were also active during the reporting period: RTDS Real-Time Drill Site
Project; O2.2 Sensors for CT Drilling, and; O3.2 PRECON.
• All ten projects were completed during the reporting year and by 1 January 2018 only four active projects
remained.
• All projects were formally competed by 31 March 2018.
4.2.6 Top Ten Research Achievements Over DET CRC’s Lifetime
There is more detail on these achievements in the Exit Report (section 6.2).
1. Design, fabrication and deployment of the RoXplorer® coiled tubing drilling system for mineral exploration.
2. Numerical modelling, laboratory analysis and fieldwork to overcome the key challenges to deploying coiled
tubing drilling in mineral exploration.
3. Successful field trials of the RoXplorer® coiled tubing drill rig at our Brukunga Drilling Research & Training
Facility (South Australia), Port Augusta (South Australia) and Horsham (Victoria).
4. Design, fabrication and deployment of the Wireless Sub and associated software.
5. Design, fabrication and deployment of the AutoSonde for acquisition of total count natural gamma, magnetic
susceptibility, resistivity and IP (induced polarisation) data from conventional diamond drilled boreholes.
6. Design, fabrication and deployment of the AutoShuttle for acquisition of spectral natural gamma data from
conventional diamond drilled boreholes.
7. Design, fabrication and deployment of the Lab-at-Rig® for real-time determination of geochemistry and
mineralogy from diamond drill cuttings at the drill site.
8. Extensive successful field trials of the Wireless Sub, AutoSonde and Lab-at-Rig® in field drilling programs
with Geoscience Australia/Geological Survey of Victoria (Stavely, 2014), Anglo-American (Oberon, 2014) and
with the Geological Survey of South Australia (Eyre Peninsula, 2015-2016).
9. Software developed for automated processing of XRD and XRF data.
10. Key developments in electromagnetic and seismic geophysical methods to complement improvements in
drilling and sampling.

RoXplorer® coiled tubing drill rig at Horsham trial in June 2017.
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4.2.7 Commercialisation and Utilisation
• Five new technologies were licensed during the reporting period (or just after). Boart Longyear licensed the
Drilling Optimisation Software, AutoSonde and AutoShuttle. Imdex licensed the RoXplorer® CT Drilling
System whilst Olympus licensed the SwiftMin XRD Software.
• Three new patent applications were made during the reporting period. Other, older patent applications owned
by DET CRC were also progressed by Boart Longyear and Imdex as licensees in accordance with
commercialisation licences.
• All 25 technologies on the Commercialisation Pipeline have been offered for commercialisation by DET CRC.
Agreements had been reached for 15 of these, 10 were passed-up by industry sponsors and have been
assigned to research organisations to progress.
4.2.8 Education and Training
• At 30 June 2018 there were 59 postgraduate research student commencements, comprising 53 PhD
students and six Masters by research students.
• 51 postgraduate research scholarships have been funded, a further three received partial funding. Five
additional students are enrolled in our projects and receive research support, but not with scholarships from
DET CRC.
• 13 postgraduate research students completed during the reporting period, bringing the completion total to 40
at 30 June 2018.
• Twenty-six of the 28 projects (~93%) active during the reporting period involved industry/end-user cosupervisors. Industry/end-user co-supervisors include staff from Anglo American, Barrick, BHP, Boart
Longyear, CSIRO, Geological Survey of South Australia (South Australian Government), Epslog, HiSeis,
Imdex and Olympus.
• Four Honours students completed their studies on DET CRC-related research projects during the reporting
period, taking the total to-date to 78 Honours students. One student completed their Masters by coursework
degree during the reporting period, taking the total to-date to 22.
• Postgraduate students were heavily involved in the September 2017 Annual Conference. Each student gave
a brief oral presentation on their research and presented a poster. The research outcomes of several
students were also demonstrated during the Brukunga Technology Demonstration, including work on drilling
technologies, cuttings transport and drilling fluid rheology.
• DET CRC hosted 33 postgraduate students and early career geoscientists at the Brukunga DRTF in
December as part of the National Exploration Undercover School (NExUS). The students were introduced to
the challenges of undercover exploration and the technologies being developed by DET CRC to meet those
challenges.

PhD student Eline Baudet (University of Adelaide) collecting HyLoggerTM data at the SA Drill Core Reference Library.
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Risks and Impediments

4.3.1 Risk: Conversion of IP into Commercial Products
One of the key risks identified by the Board was that of IP being stranded and not converted into commercial
outcomes. This risk was considered in two parts:
1) IP that is licenced for commercialisation, but not developed into a product by the commercialiser, and;
2) IP that is assigned to research organisations to progress, but not ever developed to the point of suitable for
commercialisation.
IP may have been licenced for commercialisation, but not developed into a product by the commercialiser for a
variety of reasons. Notably, the ‘valley of death’ between a prototype and a commercial product.
The commercialisation licences that DET CRC has executed include milestones that allow for IP to be recalled
and re-offered in the event that the commercialiser does not progress the technology into a product. Quarterly
progress reports are provided by the commercialisers and are reviewed by the Commercialisation Committee.
DET CRC’s IP Trustee role will be transferred to MinEx CRC who will continue to monitor and manage these
commercialisation licence agreements.
There has been IP that was either not developed to a stage suitable to offer for commercialisation or that was
offered but not taken up by industry commercialisers. In accordance with the approach outlined in the Wind-Up
Plan, this IP has been assigned to the research organisations who developed it and are thus best placed to
further progress it. It is hoped that this IP can be further progressed under the control of those research
organisations and lead to a commercial outcome in the future.
4.3.2 Risk Management Processes
DET CRC had a comprehensive risk strategy directed by its Risk Committee. This involved the identification and
ranking of potential risks in a Risk Register and the preparation of Risk Records (that summarised the causes
and consequences of key risks and identified actions to be undertaken in order to mitigate those risks). Progress
on these actions was monitored by the Risk Committee and Board. Risk Committee meetings also focussed on
identification of ‘live risks’ that may or may not have been captured in the Risk Register. The risk management
process led directly to actions taken to either mitigate or respond to risk events. The risk management process
continued throughout the reporting year.

Optical Televiewer on site at the Brukunga Drilling Research and Training Facililty.
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Impacts

There are no changes to the expected impact of the DET CRC. The Impact Tool submitted to the CRC
Programme ahead of the Performance Review in 2013 remains a fair reflection of anticipated impacts.
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Performance Against Activities

4.5.1 Extent to Which the CRC is on Target to Achieve its Research Outputs, Including Strategies in
Place to Address Any Risks and Issues
DET CRC has, by any measure, achieved its desired research outputs.
(i) Successful design, fabrication, field deployment and licencing of its key technologies
➢ RoXplorer® coiled tubing drilling system;
➢ Wireless Sub;
➢ AutoSonde;
➢ AutoShuttle, and
➢ Lab-at-Rig®.
(ii) As of 30 June 2018 the RoXplorer® coiled tubing drilling system, DET CRC’s flagship project, is in the USA in
the final stages of preparation for an extended deployment by Participant Mining Company, Barrick Gold in
Nevada, USA. The system has been licenced by Participant METS Supplier, Imdex. It received a CRC
Association Award for Excellence in Innovation in May 2018.
(iii) DET CRC has achieved all of its Commonwealth Output and Utilisation Milestones.
(iv) DET CRC achieved 93% of its 1725 internal quarterly project milestones. Of the quarterly milestones not
attained, many were not attained due to changes in project direction or the unavailability of data for
anticipated case studies that were replaced by alternative case studies.
(v) DET CRC’s final conference at the Brukunga Drilling Research and Training Facility in September 2017
provided a real-time demonstration of the RoXplorer® coiled tubing drilling system, Wireless Sub, AutoSonde,
AutoShuttle, tilt and gamma sensors for coiled tubing drilling, imaging for coiled tubing drilling and Lab-atRig® for coiled tubing drilling.
(vi) The RoXplorer® coiled tubing drill rig combined with DET CRC’s other new technologies will open the ~70%
of Australia where mineral deposits are hidden by barren cover rocks, to ‘prospecting drilling’ which will
enable progressive vectoring towards concealed mineral deposits using multiple, cheap holes in a single
drilling campaign.
The 2017-2018 year commenced with ten active projects, reduced from our peak of 24 concurrent active
projects. These ten projects completed during the reporting year and by 1 January 2018 there were only four
active projects. All projects were formally completed by 31 March 2018.
The following section provides updates of progress on projects for the reporting year, but with relatively few
projects active, none active for the full year and all projects in completion phase (e.g. focusing on final reporting
and assisting commercialisation), there is less progress on research projects to report in 2017-2018 than in
previous reporting years.
The 2016-2017 Annual Report detailed DET CRC’s project management processes to help address the risks of
project non-delivery. Those processes continued until the end of each of DET CRC’s projects.
Project
1.4 Brukunga Drilling Research and Training Facility
RTDS Real-Time Drill Site Project
1.1 Coiled Tubing Drilling for Mineral Exploration
3.1 3D Seismic Exploration for Hard Rock Environments
3.4 Regional Mineral Systems Drilling for Targeting and Testing
O2.2 Sensors for Coiled Tubing Drilling
3.2 Lab-at-Rig® for Mineral Exploration
O3.2 Pre-Concentration from Drilling Fluids for Optical and Other Analysis
2.2 Sensors for Downhole Rock Properties
2.4 Joint Inversion of 3D Seismic and MT (Magnetotelluric) Data
Projects active in 2017-2018, ordered by project completion date.
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Key Research Achievements and Evidence of the Research Quality

Barrick Gold/Imdex Deployment of the RoXplorer® CT (Coiled Tubing) Drilling System in Nevada (USA)
DET CRC’s flagship project to develop a coiled tubing rig for greenfields drilling formally completed in November
2017 following its successful field trials near Port Augusta (South Australia) and Horsham (Victoria) which were
summarised in the 2016-2017 Annual Report. Project Leader, Soren Soe had previously been contracted by
DET CRC until 30 June 2018 in order to assist with the commercialisation of the rig. The Science Steering
Committee decided, at its September 2017 meeting (immediately after the Annual Conference demonstrations),
to allocate up to $170K of remaining centre funding to securing ‘long-lead’/critical items for a possible future
deployment of the RoXplorer® coiled tubing rig and to retain key personnel. Thus new reels of coiled tubing were
ordered from Tenaris in the USA and the contract of our experienced coiled tubing driller, Bayden Gray, was
extended from 31 October 2017 until 30 June 2018, to complement that of Project Leader, Soren Soe.
These decisions proved to be worthwhile. Soren Soe and Robbie Rowe (Manager Research Integration) were
invited to present on the RoXplorer® CT drilling system at a Barrick Gold Drilling Technology Workshop in
Henderson, Nevada in mid-January 2018. This workshop focused on technologies that would help to meet
Barrick’s vision for the future of drilling. Discussions at the workshop led to a commitment by Barrick Gold to put
the RoXplorer® CT drilling system on an extended deployment at their core gold mining and exploration
properties in Nevada (USA) in the vicinity of Elko.
Managing the legal and other agreements and the logistics related to the Barrick Gold Nevada deployment has
been one of the major activities for DET CRC in 2017-2018. The deployment commenced mid-July 2018 and is
ongoing, likely to continue until mid-October 2018. On 1 July 2018 responsibility for the deployment, including
employment of key personnel, passed to Imdex, the University of South Australia and Barrick Gold.
Annual Conference Demonstration of the RoXplorer® CT Drilling System
We held a series of demonstrations at the Brukunga Drilling Research and Training Facility on 13 September
2017 as part of our final Annual Conference, featuring drilling, sensing, sampling and analytical technologies
developed by DET CRC. The demonstration provided the opportunity for our technologies to be demonstrated
real-time in real-life drilling scenarios. The demonstration of the RoXplorer® CT drilling system involved starting
at surface and running the drill string to the bottom of a 165 metre deep hole, then drilling six additional metres
while generating a sample that was presented to the Lab-at-Rig®. After six metres had been drilled, the drill
string was run out of the hole and the bottom hole assembly and geological sensors (GeoSub) were unloaded.
This entire CT drilling demonstration was completed within approximately one hour.

Project 1.2 Leader Stephen Banks (CSIRO) presenting at the 2017 Annual Conference demonstration.
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The Annual Conference demonstrations also showcased our AutoSonde and AutoShuttle downhole sensors for
conventional diamond drilling. This provided a stark contrast with the CT Drilling System. In order to
demonstrate the sensors operating with conventional diamond drilling over a similar period of approximately an
hour, it was necessary that the diamond rig was operating only at very shallow depth and performed less drilling
(drilled three metres from ~33 metres to ~36 metres depth). Furthermore, the bit started at the bottom of the
hole, because running into and out of the hole in conventional diamond drilling, which involves the manual
removal of individual drill rods, is so much slower than tripping out of the hole using spooled, continuous coiled
tubing. This provided an excellent demonstration of the productivity improvement yielded by the RoXplorer® CT
drilling system.
Analysis of Drilling Costs for the RoXplorer® CT Drilling System
The CT Project team has developed a comprehensive financial model including all drilling costs in order to
evaluate whether the ambitious target cost of $50/metre drilled is achievable by the RoXplorer® CT drilling
system. The financial model was initially created in 2014 in order to ensure that project targets, such as those
for the fatigue life of coiled tubing and for drilling rates, were consistent with the $50/metre goal. Analysis of the
drilling performance achieved by the RoXplorer® CT drilling system in the Port Augusta (South Australia) and
Horsham (Victoria) field trials has provided confidence that we are indeed on track to achieve the production
rates consistent with a drilling cost of $50/metre.
Curtin University Takes Delivery of RoXplorer® 2
The construction of RoXplorer® 2 (the second RoXplorer® prototype) was completed during the reporting year
and it was transported to Curtin University in September 2017. Curtin University wishes to position itself as a
leading partner in coiled tubing drilling-related research and thus commissioned DET CRC to build the second
prototype. Building a second prototype, less urgently required than the first, afforded DET CRC some
redundancy in its acquisition of parts for the rigs. RoXplorer® 2 will be used by Curtin University in future
research on CT drilling technologies, for example, coiled tubing materials (e.g. composites), drilling fluids and
downhole instrumentation.
DET CRC’s coiled tubing driller, Bayden Gray, conducted a week of training for Curtin University staff in
December 2017. This class was the first theoretical and practical lesson in operation, maintenance and safety of
the RoXplorer® Rig. It followed the manual developed for rig operation and also covered remote radio control of
tramming the rig (moving it on its tracks) and safe set-up and levelling of the rig.
Fluid Loss in the RoXplorer® CT Drilling System Improved from 100% to 2%
Successful coiled tubing drilling is critically dependant on minimising the loss of drilling fluid (and thus of the rock
sample contained within the drilling fluid) into the formation surrounding the borehole below ground. Sample
must be returned to the surface in order to enable analysis of the rocks drilled at depth. Initial trials in the
borehole designated for our coiled tubing drilling demonstration at the Annual Conference showed significant
fluid loss from the borehole into the surrounding formation.

Fluid loss experiments at the RoXplorer® Horsham field trial.
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From 50% to 100% of the drilling fluid pumped in at the surface was initially lost to the formation surrounding the
borehole and did not return to the surface. The preventative drilling fluid CTrol® was deployed in the hole in
order to reduce fluid loss and fluid return increased to 80%. Subsequent use of remedial drilling fluid increased
the fluid return to 98%. DET CRC-developed drilling fluids such as CTrol® are characterised by extreme ‘shear
thinning’ properties, having low viscosity at high shear rates (i.e. when driving downhole motors in the borehole)
and high viscosity at low shear rates (i.e. when invading into fractured and unconsolidated formations which they
thus helps to block, thereby inhibiting further fluid loss).
Brukunga Drilling Research and Training Facility (DRTF) Remediated
The Brukunga DRTF was a critical part of the success of DET CRC. The Brukunga minesite is a disused
minesite site in the Adelaide Hills. DET CRC ran a fully equipped and staffed drilling operation at Brukunga for
six years, from October 2011 to October 2017, in order to facilitate the testing of new drilling and sensing
technologies. The site was critical because:
• it is extremely problematic to undertake technology testing and development in operating mines due to the
expense of interruptions to mining operations and the safety and logistical issues that arise;
• sulphides in the host rocks at Brukunga make it suitable for testing drillhole logging equipment designed to
detect sulphide ores;
• Brukunga is located conveniently to metropolitan Adelaide for access by researchers (44 km from CBD);
• the adjacent CFS training facility offers meeting rooms, full communications, accommodation and meals, and;
• convenient location for Boart Longyear which has its regional headquarters in Adelaide and supplied both
equipment and personnel to run the site.
The Brukunga DRTF played a key part in the development of many DET CRC technologies including the
AutoSonde, AutoShuttle, Wireless Sub, Lab-at-Rig® and especially the RoXplorer® CT drilling system.
Remediation is a critical part of the mining cycle and likewise for DET CRC’s operations at Brukunga. The pack
down and remediation of the Brukunga DRTF, including for example the cementing (infill) of all boreholes was
completed by the end of October 2017. This was the completion date of the related Project 1.4. Considering
that the drilling demonstrations for ~130 people at our Annual Conference described above were performed in
mid-September, this was a significant achievement. The South Australian Government confirmed on 8
November 2017 that we had met the conditions of our licence and that no further obligations existed with respect
to remediation of the Brukunga DRTF.
We wish to acknowledge the South Australian Government who facilitated our access to the site and provided
significant financial support. We also wish to acknowledge Boart Longyear who provided drilling equipment inkind and seconded staff to operate the site. We also thank Darren Caldwell and his team at Brukunga for having
been a critical part of the success of DET CRC. Although DET CRC’s DRTF at Brukunga has now been closed
down and remediated, Boart Longyear are now operating an ongoing a testing facility at a different location in the
Brukunga minesite.

Brukunga drill site September 2017 (left), and October 2017, after remediation (right).
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Downhole Sensing for Diamond Drilling: AutoSonde & AutoShuttle
The downhole sensing project aimed to provide the mineral exploration industry with routine, near real-time, low
cost acquisition of data on physical rock properties during drilling. The AutoSonde platform achieves this by
logging-while-tripping (LWT) the drill string out of the hole and the AutoShuttle by logging-while-drilling (LWD)
ahead. Both platforms can be deployed by the driller during conventional diamond drilling, as opposed to the
requirement to mobilise a separate crew for conventional wireline logging. Both platforms operate autonomously,
i.e. there are no wires connecting the tool to the surface. Data captured by the AutoSonde or AutoShuttle are
transmitted wirelessly to a handheld device when the tools returns to the surface. Prototypes of the AutoSonde
and AutoShuttle underwent significant development, refinement, laboratory testing and field testing during the
2017-18 reporting period.
The Multi-Sensor AutoSonde passes through the inside of the drill rods and protrudes beyond the diamond drill
bit recording natural gamma, magnetic susceptibility and galvanic resistivity of the rocks surrounding the
borehole while tripping out of the hole. Clever design within the magnetic susceptibility and galvanic resistivity
sensors also permit induction conductivity and IP (induced polarization) parameters to be determined. During
the reporting year, prototypes were further developed such that each sensor can be deployed independently (i.e.
three sondes) or as a multi-sensor stack of approximately three metres in length. Data from the Multi-Sensor
AutoSonde data have been compared to that from commercial wireline logging undertaken at the Brukunga
DRTF and they have higher vertical resolution than conventional wireline logging tools because of the close
spacing of the sensors on the tool.
The AutoShuttle measures high signal to noise spectral gamma counts over a broad range of energy windows
while drilling. The team have created a spectral gamma measurement system designed to capture a wider range
of gamma energy levels than conventional spectral gamma wireline logging tools. The AutoShuttle continuously
captures gamma spectra while diamond drilling which means it has the advantage of long measurement times
compared to conventional wireline logging systems. The AutoShuttle has been complemented by a top-of-hole
depth refinement system which provides precision measurement of the travel of the drill rods into and out of the
drill hole in order to take full advantage of the high resolution spectral gamma data. As a result of field testing
and consultation with drillers, the spectral gamma AutoShuttle is now built and operated in pairs which enables
more efficient deployment.
Development of prototypes of the Multi-Sensor AutoSonde and Spectral Gamma AutoShuttle culminated in a live
demonstration of the tools at DET CRC’s Annual Conference at the Brukunga Drilling Research and Training
Facility in September 2017

Multi-Sensor AutoSonde being demonstrated at 2017 Annual Conference.
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Downhole Sensing for Coiled Tubing Drilling: GeoSub and CT Imager
Developing the AutoSonde and AutoShuttle technologies for conventional drilling was a stepping stone to
developing sensing technologies for coiled tubing drilling. The GeoSub and CT Televiewer are sensors
compatible with DET CRC’s RoXplorer® CT drilling system. High pressure/high flow rate drilling fluid must pass
through these tools in order to reach and drive the downhole motors driving the CT drill bit. This posed
considerable design challenges that were overcome in both tools during the reporting year.
The GeoSub is a real-time LWD platform, providing tool (thus borehole) tilt angle and natural gamma data to the
driller via a wireline within the coiled tubing. The CT Televiewer retains data in its internal memory which is
recovered when the tool is brought to the surface. It gathers 360º optical images of the borehole wall while
tripping into or out of the drill hole. It has light sources, but the drilling fluid in the borehole must be clear. The
rapid development of the CT televiewer was a highlight of the reporting period. The prototype CT Televiewer tool
has been built to withstand turbine torque reaction of approximately 1000 Nm; requires no external power; views
up to 360º of the borehole; has a wide focal range to suit different diameter holes, and; records up to 30 frames
per second with several 8 megapixel cameras.
The initial prototypes of both the GeoSub and CT Televiewer were fabricated and extensively lab-tested during
2017-2018. Both underwent their initial field trials in the demonstrations during the Annual Conference in
September 2017. Subsequent to the Annual Conference both the GeoSub and CT Televiewer have been further
refined, for example to prevent moisture ingress that occurred in their first deployment. The GeoSub and CT
Televiewer underwent a second phase of trialling at Boart Longyear’s Brukunga (Pyrites Road) site in April 2018.
The GeoSub had a signal decoding problem which was subsequently addressed and the CT Televiewer
successfully returned images of the borehole wall.
Heavy Mineral Indicator (HMI)
The heavy mineral indicator (HMI) and automatic rock mass characterization methods have been developed to
take advantage of the new data sets available during drilling from the AutoSonde and AutoShuttle technologies.
The HMI converts the spectral data from natural gamma radiation to an estimate of relative average atomic
number. In some environments, especially where iron is the dominate element, the HMI parameter may be
useful as low-cost proxy for Fe abundance around a drill hole. The high resolution, broad spectrum AutoShuttle
data appears to be ideally suited for recovery of the HMI parameter.
Top-of-Hole Sensing: Lab-at-Rig®
DET CRC licenced the Lab-at-Rig® to analyse rock cuttings from conventional diamond drilling to Imdex in
September 2015. Subsequently, and up until its completion on 1 February 2018, the ‘Lab-at-Rig® Futures’
project has had the objectives of:
(i) developing new sensors for the Lab-at-Rig®;
(ii) improving the processing of data from existing Lab-at-Rig® sensors, and;
(iii) designing a Lab-at-Rig® system for CT drilling.

Fred Blaine (Imdex) operating the Lab-at-Rig® for CT drilling during the 2017 Annual Conference.
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Our most advanced candidate for application as a new Lab-at-Rig® sensor is Laser Induced Breakdown
Spectroscopy (LIBS). The LIBS technique delivers concentrations of light elements that are not currently
measured by air-based XRF detectors (e.g. H, Be, Li, C, N, Na) and other trace elements (e.g. Au, PGEs, REEs)
that are problematic for XRF. Work during the reporting year has focussed on developing an in-field workflow,
set of calibrations and a new algorithm (GeoLIBS®) for the rapid processing of LIBS analyses of geological
materials in order to optimise LIBS for the Lab-at-Rig®. The most recent version of the GeoLIBS® software
includes a suite of algorithms which have the potential to achieve lower detection limits for a wide range of
elements, including gold.
DET CRC has also developed the SwiftMin XRD spectral processing software in order to deliver rapid,
automated quantification of mineralogy on the Lab-at-Rig® platform. The software includes both fully automated
processing and a ‘user’-led functionality, which allows interactive refinement of mineral identification based on
the operator’s experience. SwiftMin enables mineral abundances from Lab-at-Rig® samples to be computed in
milliseconds, compared to the hours of expert technician time taken to complete conventional XRD interpretation.
Although developed with mineral exploration in mind, SwiftMin is expected to have application in other fields (e.g.
environmental monitoring and materials characterisation). The reporting year saw the finalisation of the SwiftMin
software and its offering for commercialisation with licencing taken up by Olympus.
The aim of the next stage of data processing work was to develop software by which Lab-at-Rig® geochemical
data from pXRF or GeoLIBS® and mineralogical data from XRD (processed by SwiftMin) can be processed in
tandem in order to provide more rapid and/or more accurate measures of chemistry and mineralogy. In the first
step along this path we used pXRF geochemistry to filter the list of possible minerals for XRD processing. This
approach removes spurious minerals from the XRD result (particularly trace minerals which have a
disproportionate contribution to the trace element budget) and improves the reliability of other mineral estimates.
Having constrained the first order mineralogy, we can calculate a ‘whole rock chemical model’ to: (i) estimate
elements not attainable via XRF (e.g. Na); (ii) help determine compositions of solid solution minerals, and; (iii)
validate against the measured whole rock chemistry. The ultimate aim of this research is to develop a true
coupled inversion (joint solver for both chemistry and mineralogy). Subsequent to the completion of the DET
CRC project, our CSIRO-based research team plans to work closely with SwiftMin commercialiser Olympus
toward this goal.
Lab-at-Rig® Sampling for Coiled Tubing Drilling
Lab-at-Rig® analysis of CT cuttings poses additional challenges to that of diamond drilling cuttings because CT
drilling utilising percussion methods produces coarser samples that require to be reduced in grain size prior to
being analysed, and the sample needs to be separated from the large amount of drilling fluid used to drive the
CT drilling system.

Steven Tassios (CSIRO) demonstrating the GeoLIBS® software during the 2017 Annual Conference.
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Central to the design of a Lab-at-Rig® system for CT drilling has been development of an innovative sample
splitting device designed specifically for use with the cuttings and fluid load produced by CT drilling. The splitter
is deployed in the drilling fluid circuit between the drill collar and the solids removal unit (SRU) in order to
minimise sampling errors introduced by the fluid cleaning process. The device generates two continuous 1/8th
splits of the drilling fluid and cuttings (providing both a sample and duplicate stream) which can be batch
sampled at an interval determined by the user. The splitter was the subject of a series of experiments in 2017,
first in the laboratory and then in trials with the RoXplorer® CT Rig at Brukunga, Port Augusta and Horsham.
Having achieved a representative split of the drilling fluid and cuttings, the next challenge was to dewater, dry
and grind the CT percussion cuttings so that they can be formed into a pressed puck for analysis by the Lab-atRig® sensors. The new integrated solution for top-of-hole sampling from the RoXplorer® includes: (i) a new
version of the DET CRC-designed cone splitter, with improvements based on the Port Augusta and Horsham CT
drilling trials and delivering continuous duplicate splits at 1/8th of the total cuttings volume; (ii) a dewatering
device which removes the vast majority of drilling fluid and returns it to the fluid circuit, and; (iii) a combined
drying and crushing device that reduces the sample to a homogeneous, dry, fine powder comparable to a
laboratory pulp. A small portion of this powder is made into a pressed puck using the Reflex Press.
The sample preparation workflow, portable XRF, XRD (utilising SwiftMin) and GeoLIBS® were demonstrated ‘live’
as part of the Lab-at-Rig® workflow at the DET CRC Annual Conference in September 2017. Four samples
generated from coiled tubing drilling cuttings were prepared into pressed pucks using the Lab-at-Rig® sample
preparation workflow. These samples were presented in series and analysed by pXRF, with geochemical data
immediately uploaded to Reflex HUB, and subsequently by Laser Induced Breakdown Spectroscopy (LIBS).
Raw data from the LIBS analysis was processed on-site, in minutes using DET CRC’s GeoLIBS® software
providing a close match to the pXRF data for elements in common and a complementary dataset of light and rare
earth elements. In parallel we analysed the CT drilling powder by portable XRD and determined quantitative
mineralogy on site in seconds, using DET CRC’s SwiftMin software. The three streams of consistent, objective
and quantitative geochemistry and mineralogy were delivered within 10 minutes of delivery of the sample.
Seismic Data in the Drilling Workflow
Knowledge of physical rock properties plays an essential role in processing and interpreting geophysical surveys.
We envisage that the collection of rock property data will become a routine part of the mineral exploration
workflow by combining downhole and top-of-hole sensing with cost-efficient, rapid coiled tubing drilling.
The final stages of our seismic work focused similarly on relatively cheap techniques suitable for rapid
deployment in boreholes, specifically using distributed acoustic sensors (DAS) within optic fibre cables as a
means of collecting cost-effective vertical seismic profiles (VSP) in drill holes. VSPs are a key component of
seismic methods in the mineral exploration workflow which help identify the geological source of seismic
reflectors and provide near surface seismic velocity data. The current practice for acquiring VSPs involves
strings of clamped geophones (time-consuming and expensive) or our previously developed baffled hydrophone
system (which reduces cost, but remains susceptible to tube wave noise).

James Cleverley (IMDEX) presenting at the 2017 Annual Conference.
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Optic fibre sensors are cheap, can be deployed rapidly by drilling crews and are suitable for acquisition using a
low energy controlled source. In addition, the relatively low cost of the DAS system means that sensor can be
sacrificed (in the case of hole collapse) or deliberately left in the ground as a monitoring device.
We successfully acquired VSP data in early 2017 using an optical fibre DAS system in two cased boreholes near
Port Augusta (SA) drilled in our previous year’s Mineral Systems Drilling Program. Data from the two holes were
collected in two days (~5 times faster than our previous collection of VSP data using a hydrophone string),
including testing several experimental configurations of the optical cable. These data were processed in late
2017. The quality of the data surpassed that of previously recorded hydrophone data with more consistent
amplitudes, less tube and cable waves and clearer reflections. A detailed velocity profile was constructed from
the VSP data. The location of significant reflections matched well against major lithological breaks observed in
the drill core and the location of tube wave sources matched against the location of geological structures (broken
ground) observed in the drill core.
DET CRC is proud of its role in helping to raise the profile of seismic as a mineral exploration technique. Along
with the case studies of seismic acquisition and processing completed by our researchers, there has been a
significant upswing in commercial mineral exploration seismic studies over the life of DET CRC. We have
updated and re-released a summary of case studies of seismic exploration for mineral deposits in an attempt to
capture and share the collective learnings from these studies. The summary includes key information from 29
seismic case studies (e.g. objectives, cost, acquisition geometry, processing techniques, key outcomes, links to
images and publications) and provides important background for anyone contemplating seismic techniques
within their exploration program.
Additional Evidence of the Research Quality
The RoXplorer® coiled tubing drilling system was a recipient of the CRC Association’s ‘Award for Excellence in
Innovation’ at the CRC Association Conference Dinner in Sydney (May 2018). It was also nominated for the
2017 Exploration Award by ‘Mining Magazine’.
The Australian Journal of Earth Sciences has agreed to release a thematic issue dedicated to DET CRC’s
research outcomes, likely to be released in 2019. DET CRC researchers contributed to 10 peer-reviewed journal
publications during the reporting period. A list of DET CRC’s peer-reviewed journal and conference publications
(as defined in Question 2.1 of the MDQ) is provided as Appendix A.

Seismic survey at the Hillside copper-gold deposit in South Australia.
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Regular invited keynote addresses at national and international conferences also demonstrate the quality of DET
CRC’s research. Soren Soe (Leader of the Coiled Tubing Drilling Project), Anton Kepic (Leader of the Downhole
Sensing Project) and David Giles (Leader of the Geological Targeting Programme including Lab-at-Rig®) all
addressed the AIG (Australian Institute of Geoscientists) ‘Drilling for Geology II’ Conference in July 2017 in
Brisbane. CEO, Richard Hillis was invited to deliver numerous conference addresses on behalf of DET CRC
during the reporting period and presented at the following:
• Singapore Mining Club in July 2017;
• ‘Xplor 2017’ Conference in October 2017 in Montreal;
• ‘Exploration 17’ Conference in October 2017 in Toronto, where he also convened a Technical Innovation
Session;
• International Mining and Resources Conference (IMARC) in October 2017 in Melbourne;
• Geological Survey of South Australia’s ‘Discovery Day’ in December 2017 in Adelaide;
• ‘Australian Exploration Geoscience Conference’ in February 2018 in Sydney;
• CRC Association Annual Conference ‘Collaborate | Innovate | 2018’ in May 2018 in Sydney, and;
• ‘Future of Mining’ Conference in May 2018 in Sydney.
In addition to the CEO’s conference presentations above, DET CRC researchers presented numerous
conference addresses during the reporting period, including at the:
• SPE WA March ’18 Technical Luncheon – Drilling fluid research. Paris, France, June 2017;
• Drilling for Geology II. Brisbane, QLD. July 2017;
• 9th Australasian Congress on Applied Mechanics. Sydney, NSW, November 2017;
• GSSA Discovery Day, Adelaide, SA, December 2017;
• SA Explorers Conference, Adelaide, SA 2017;
• Australasian Exploration Geoscience Conference (AEGC 2018). Sydney, NSW, February 2018;
• Prospectors & Developers Association of Canada, Toronto, Ontario, March 2018;
• 5th Australian Regolith Geoscientists Association Conference. Wallaroo, SA, April 2018;
• ICoTA Coiled Tubing & Well Intervention Conference & Exhibition. Woodlands, Texas, March 2018, and;
• Goldschmidt2018. Boston, New York. August 2018.

Core samples from the Brukunga Drilling Research and Training Facility.
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4.5.3 Any Issues, Including Technical or Scientific Impediments
There were no significant issues or impediments in addition to those identified in Section 4.3 and in DET CRC’s
Risk Analysis.
4.5.4 Level of Industry Involvement and Evidence the Research is Meeting Industry’s Needs
DET CRC was characterised by strong engagement with industry both through its lifetime and during the final
reporting year. Two quotes from the final Participant Survey (May 2018) witness this engagement.
“The way industry has interacted, and CRC management/researchers have responded to industry priorities
was a major highlight compared to historical industry-university research interaction” (Tony Belperio, Minotaur
Exploration, Member of DET CRC Science Steering Committee).
“Involvement in the DET CRC has facilitated the building of bridges between smaller entities and large
mining/drilling companies. It has been the catalyst for game changing exploration technologies that may
never have been developed without the collaboration and funding brought about by the DET CRC” (Gordon
Stewart, Globaltech, Member of DET CRC Science Steering Committee).
Key facets of industry involvement included the following:
• original research agenda set by industry roadmap (AMIRA Drilling Roadmap, 2007);
• 63 Participants, Other Participants and Affiliates engaged;
• Head Office embedded in industry at Boart Longyear’s Asia Pacific Headquarters at Adelaide Airport;
• ~30% of research funds flowed to industry;
• engagement with 110 industry-based researchers in 12 companies (~27 cash-funded industry FTE person
years and ~78 in-kind FTE person years), which corresponded to about one third of DET CRC’s staffing both
in terms of individuals and FTE years, and;
• strong engagement of industry in the Science Steering Committee and on project reviews.
Quarterly reports for projects were reviewed by the Program Leader, the Chair of the Project Review Panel and
the CEO. All eight Chairs of the Phase II Project Review Panels were drawn from industry and their regular,
active engagement in project review was invaluable in maintaining industry focus.
The level of industry involvement in projects was very much greater than that predicted in the original
Commonwealth Agreement budget, which had less than 1 FTE pa input from industry. ~105 FTE person years
from industry were involved in projects over DET CRC’s lifetime.
Of the ~140 attendees at the final Annual Conference held at Hahndorf and Brukunga (SA, September 2017),
~70% were from industry/end-user organisations and 30% from research organisations.

Head Office embeded in Boart Longyear’s Asia Pacific Headquarters.
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Our attendance at the annual PDAC Convention (Toronto) was also been significant with respect to industry
engagement. Our briefing to sponsors on Sunday 4 March 2018 had 57 attendees (86% industry; 14% research)
from the following organisations:
• AMIRA International
● Anglo American
● Barrick Gold
• Bureau Veritas
● CSIRO
● Curtin University
• De Beers
● Geological Surveys QLD & WA ● Geoscience Australia
• Globaltech
● HiSeis
● Imdex
• Olympus
● SA Government*
● University of South Australia
• Vale
*Departments of Premier and Cabinet and State Development
The key evidence that research met industry needs is that DET CRC maintained, indeed grew its funding through
the major downturn in the mining industry from 2011 -2016. Funding from other than the CRC Programme has
grew from a projected $21M in the original Commonwealth Agreement to $34M over the life of DET CRC.
Other key evidence that the research met industry needs was the licencing of its key technologies to its two
Participant METS Suppliers, namely (see also Section 4.8):
• RoXplorer® coiled tubing drilling system to Imdex;
• Wireless Sub to Boart Longyear;
• AutoSonde to Boart Longyear;
• AutoShuttle to Boart Longyear, and
• Lab-at-Rig® to Imdex.
Other key evidence of the relevance of the research is the enthusiasm demonstrated by Participants and
Affiliates to assist in research developments and particularly to assist in trialling new technologies in operations
at their sites. There have been numerous such trials reported in previous Annual Reports and we note that
Barrick Gold is funding of a major deployment of the RoXplorer® coiled tubing drilling system in Nevada, USA in
collaboration with licensor, Imdex, during the second half of 2018.
MinEx CRC is a new CRC, independent of DET CRC, but its initial development was supported by DET CRC’s
Science Steering Committee and the bid was taken to Stage 1 by DET CRC. Then commitment of $41M cash
from geological surveys and industry to the successful MinEx CRC bid in part reflects the high regard in which
DET CRC was held by industry.
4.5.5 Any Changes Proposed to Future Research Directions and the Reasons for the Changes
There were no major changes proposed to future research directions during the reporting period. All remaining
projects completed during the reporting period as summarised in Section 4.5.1. DET CRC will be wound-up by
September 2018, and as of the end of the reporting period there is no future research to be undertaken.

Wireless Sub licenced to Particpant Boart Longyear.
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Education and Training

Extent to Which the CRC is on Target to Achieve its Education and Training Outputs, Including
Strategies in Place to Address Any Risks and Issues
DET CRC’s major education and training goals were to produce 40 postgraduate degree by research
completions and to utilise the Brukunga Drilling Research & Training Facility (DRTF) for vocational education and
training (VET) courses in drilling and mineral exploration.
DET CRC’s goals in VET driller training were met prior to the 2017-2018 financial year. Throughout the life of
DET CRC, 407 driller trainees accessed the Brukunga DRTF during 28 courses mostly at the Certificate II Level.
In addition a total of ~50 drillers, driller assistants and field technicians were trained in the use of DET CRC’s
new technologies both at the Brukunga DRTF and in field trials of the technologies.
Student enrolments and progression towards completion were tracked via a student pipeline. The target of 40
postgraduate student completions was originally sought from 50 student commencements in recognition that not
all students will complete their program, at least within the timeframe of DET CRC’s lifetime. Fifty-nine students
were enrolled in the postgraduate program, well in excess of the original commencement target. Fifty-one of
these commencements were awarded DET CRC scholarships and a further three students received partial
funding. Five additional students who undertook research within DET CRC projects were enrolled in the DET
CRC program but received no funding. In all other aspects these five students were treated in the same manner
as students receiving DET CRC scholarships (e.g. access to project funds and funded attendance at the Annual
Conference). The Student Register listing all enrolled and completed students and project details as at 30 June
2018 is included as Appendix B
Thirteen postgraduate research students completed during the reporting period. This resulted in DET CRC
reaching its goal of 40 postgraduate degree by research completions. At the end of the reporting period, 15
students were enrolled in postgraduate studies and are all in or beyond their third year. One of these students
completed in July 2018, shortly after the end of this reporting period, bringing the completion total to 41 at time of
writing. Of the remaining students, we anticipate that nine will complete whilst five will not. Assuming these
projections are correct, DET CRC will have achieved a remarkable overall 85% completion rate (i.e. 50
completions from 59 commencements).

PhD student Hongyang Zhang (Curtin University) conducing experiments.
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The following incentives were implemented in order to help meet the target of 40 postgraduate completions.
(i) A $3,000 bonus to PhD students for completion.
(ii) A $2,000 bonus to Masters by research students for completion.
(iii) Final year postgraduate students were a focus of the Education and Training Committee. Two final year
students have been identified as being at high risk of non-completion, and have been monitored through
regular contact with supervisors who are reporting to the Education and Training committee.
(iv) The Education and Training Committee established a voluntary mentoring scheme for postgraduate students.
Mentors are senior staff who understand the complexities and challenges of undertaking postgraduate
research, and are able to provide advice on aspects of student life such as motivational difficulties in
completing a thesis or gaining employment after study.
(v) The E&T budget was continually assessed to identify any funds that may be directed towards supporting
students with no funding to aid in their completion. This generated funding for additional DET CRC
postgraduate students to be enrolled and for funding to be allocated to existing students.
Four Honours students completed their studies on DET CRC-related research projects during the reporting
period, taking the total to 78 completed Honours students. The total Masters by coursework degree completions
was 22, with no completions during this reporting period. A list of students and projects for this reporting period
is included as Appendix C.
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DET CRC’s Student Pipeline. Years refer to 30 June each year. Numbers in each cell are respectively the numbers of first, second, third year and
completed postgraduate students. Colours indicate the progress of a year cohort. Pipeline allows Adelaide one non-completion in 2014 (4
students in Y3 2013 only produce 3 additional completions in 2014) another non-completion in 2015 and a third in 2016. Overall Adelaide result is
14 completions from 17 commencements. Pipeline allows Curtin (Total) one non-completion in 2014, 2015 and 2016 and two non-completions in
2018. Overall Curtin result is 22 completions from 27 commencements. Pipeline allows UWA one non-completion in 2015. Overall UWA result is
4 completions from 5 commencements.

Details of the Education and Training Activities Conducted During the Reporting Period, Including
Postgraduate, Undergraduate, Vocational Education and Training and Professional Development
Twenty-eight postgraduate students were enrolled during the reporting period. No projects commenced during
this reporting period. Thirteen of the 28 projects were completed and another three students had submitted their
thesis for examination before the end of the reporting period. It is expected that a majority of the current
students will complete their studies, some after the completion of DET CRC. They and their supervisors are
committed to this task.
DET CRC hosted 33 postgraduate students and early career geoscientists at the Brukunga DRTF in December
as part of the National Exploration Undercover School (NExUS). The students were introduced to the challenges
of undercover exploration and the technologies being developed by DET CRC to meet those challenges.
Details of the Level of Student Involvement in the CRC’s Activities
All postgraduate projects were approved via sign off on the topic by the relevant Project Leader and Program
Leader and by the CEO. This process ensured that all postgraduate research projects were integrated with DET
CRC’s research. This process was fundamental to ensuring student involvement in the CRC’s Activities.
Student research was regularly reported in all forms of DET CRC reporting and was particularly significant in
DET CRC meeting its milestones in the following areas:
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• Project 1.1: Curtin University, University of Adelaide and University of Western Australia students’ research
into cuttings transport, rock fragmentation, borehole stability, drilling technology development and optimizing
coiled tubing materials (Massoud Bayati, Khairi Harith, Iuliia Karachevtseva, Siamak Mishani, Yuan Xu,
Hongyang Zhang, Siavash Doshvarpassand, Prabhu Elango, Stuart Addinell and Suchay Yalamanchi).
• Projects 2.2 and 2.4: Curtin University students’ research into joint inversions, integration and utilisation of
various geophysical datasets e.g. petrophysics and geochemistry, seismic and magnetotelluric data (Le Van
Anh Cuong, Ida Hooshyari-Far, Duy Thong Kieu and Cornelia Kitzig).
• Project 3.1: Curtin University geophysics students researching the application of seismic methods in hard
rock environments (Pouya Ahmadi, Muhammad Hossain, Felix Menu, Evans Okan, and Kevin Ung).
• Projects 3.2 & 3.4: University of Adelaide and Curtin University students’ research investigating the
geochemical and physical properties of basement and cover rocks in reference to mineral exploration (Zubair
Ahmed, Eline Baudet, Verity Normington, Keryn Wolff and Cheng Yang).
Postgraduate students were involved in the September 2017 Annual Conference with each student giving a brief
oral presentation and presenting a poster on their research. The research outcomes of several students were
also demonstrated during the Brukunga Technology Demonstration at the Annual Conference, including work on
drilling technologies, cuttings transport and drilling fluid rheology.
Evidence of the Level of Involvement of Industry in Developing and Conducting Education and Training
Activities, Including the Supervision of Postgraduate Students
An industry/end-user co-supervisor was sought for all post-graduate students. An industry/end-user cosupervisor allows students to benefit from:
• broader technical input from their supervisory panel;
• greater exposure to the applied/commercial side of their research, and;
• developing their own contacts within DET CRC’s network.
Twenty-six of the 28 projects (~93%) that were active during this reporting period involved industry/end-user cosupervisors. Industry/end-user co-supervisors include staff from Anglo American, Barrick, BHP, Boart Longyear,
CSIRO, Geological Survey of South Australia (South Australian Government), Epslog, HiSeis, Imdex and
Olympus.

PhD student Keryn Wolff (University of Adelaide) conducting experiments.
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Evidence that the Education and Training Activities are Meeting the Needs of Industry
The Brukunga DRTF met the needs of end-users. Four hundred and seven driller trainees accessed the training
facility during a total of 28 courses throughout the life of DET CRC. These courses primarily delivered Certificate
II courses for drillers’ assistants and were carried out by DET CRC Affiliates Australian Training Alliance and
Training Prospects.
Thirty-two of the 41 DET CRC graduates are now employed within the mining industry (including industry and
government organisations) or undertaking related research and/or teaching in a university institution. These
former students have contributed to and will continue the legacy of DET CRC as they further develop and utilise
DET CRC technologies using the training and intellectual property gained from DET CRC.
Support Structures for Postgraduate Students, Including the Opportunities for Interaction between
Students Working in Different Parts of the CRC
The Education and Training Committee developed a highly successful key strategy with respect to student
support. The university at which a PhD student was enrolled received $25,000 per annum for three years, and
the university at which a Masters by Research student was enrolled received $25,000 per annum for two years.
This was, for example, irrespective of whether the student was domestic or international. In turn, the universities
at which DET CRC postgraduate students were enrolled:
• had to use the funds to support DET CRC postgraduate students;
• were the provider of the student’s scholarship, and;
• were responsible for complementing DET CRC’s support as required (e.g. fee waivers for international
students).
DET CRC offered a student internship program giving financial support of up to $5,000 for postgraduate students
to work outside of their host institutions. Seven internships were undertaken through the life of DET CRC. Host
organisations included industry, government or research Participants or Affiliates of DET CRC. The program
objectives were to:
• enhance collaboration, intellectual exchange and networking within DET CRC;
• enhance links between research providers and industry sponsors of DET CRC;
• enhance the student research experience within DET CRC, including better access to research facilities and
networks; and,
• increase the exposure of DET CRC Participants and Affiliates to postgraduates that may become future
employees.
DET CRC paid for students to attend the Annual Conference in the Adelaide Hills in September 2017 (and to
attend all previous annual conferences). This event was a key opportunity for interaction between students
working in different parts of the CRC, as well as for students to interact with other researchers and industry
sponsors. In this manner, DET CRC played an important role in providing broader input into postgraduate
research being undertaken, to its industry relevance, and to assisting students find contacts for possible future
employment.

Experiments at the Curtin Univeristy Drilling Mechanics Lab.
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A ‘DET CRC Postgraduate Student Thank-you Dinner’ was held at Monarto Zoo, Adelaide Hills as part of the
2017 Annual Conference. This event was attended by 18 past and current students and 20 postgraduate
supervisors and other DET CRC reperesentatives. A wrap-up speech was given by Tom Whiting (DET CRC
Board Chair). Prizes acknowledging the student who published the most peer-reviewed journal articles (Amir
Mokaramian, Curtin University) and the supervisor who saw the most students to completion (David Giles,
University of South Australia) were awarded. The meeting proved to be an enjoyable and memorable way to
acknowledge the efforts of the DET CRC students and those associated with postgraduate research throughout
the life of DET CRC.
The final annual student prize for the best student talk and poster was awarded at the 2017 Annual Conference.
The prize was, as in previous years, a fully paid trip to accompany the DET CRC team attending the world’s
biggest mineral exploration conference, the PDAC (Prospectors and Developers Association of Canada)
Convention in Toronto. The 2017 prize was won by Hongyang Zhang. Hongyang was an enthusiastic and
valuable member of the DET CRC team at the PDAC Convention in March 2018.
DET CRC awards all completing DET CRC PhD students a $3,000 bonus and Masters by Research students a
$2,000 bonus upon qualification of their degree. This bonus has been a cost-effective incentive to encourage
student completion.

PhD student Stuart Addinell (CSIRO & Curtin University) conducting experiments.
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Destination of CRC Student Graduates
Thirteen postgraduate students completed their studies during the 2017-2018 reporting period and one
completed shortly thereafter These students are now employed as follows:
• Iman Rostamsowlat – Lecturer, Islamic Azad University, Shiraz Branch, Iran
• Siavash Doshvarpassand – Sessional Academic, WASM: Minerals, Energy and Chemical Engineering, Curtin
University
• Muhammad Shahadat Hossain – Sessional Academic, WASM: Minerals, Energy and Chemical Engineering,
Curtin University
• Siamak Mishani – Sessional Academic, WASM: Minerals, Energy and Chemical Engineering, Curtin
University
• Le Van Anh Cuong – Lecturer, Department of Geophysics, Faculty of Physics and Engineering Physics, Ho
Chi Minh City University of Science – Vietnam National University
• Duy Thong Kieu – Lecturer, Hanoi University of Mining and Geology
• Verity Normington – Project Geologist, Basin Geoscience, Northern Territory Geological Survey
• Kai Fu Kevin Ung – Geophysicist, DownUnder GeoSolutions
• Ehtesham ul haq Karatela – seeking employment
• Iuliia Karachevtseva – Analyst in Business Improvement, Rio Tinto
• Hongyang Zhang – Research Assistant, WASM: Minerals, Energy and Chemical Engineering, Curtin
University
• Cornelia Kitzig – Geologist/Geophysicist, Newexco
• Cheng Lin Yang – seeking employment
• Ida Hooshyari-Far – Self-employed consultant
Previous graduate destinations have included University of Adelaide, Imdex, Geodata (Italy), Globaltech,
DownUnder Solutions, Central South University of China, Corva, Curtin University, Halliburton, Geoscience
Australia, Department of Industry, Innovation and Science, National University of Columbia, Nielson (Russia),
University of South Australia, University of Tokyo (Japan) and Universiti Malaysia Kelantan.

Experiments at the Curtin Univeristy Drilling Mechanics Lab.
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SME Engagement

DET CRC’s Affiliate Program was the key to its engagement with SMEs. There were three groups of Affiliates
known as Colleges. Junior mining or exploration companies constituted one college (‘juniors’ being defined as
companies with market capitalisation of less than $1B, most, if not all, of which are SMEs as defined by <200
employees). Suppliers constituted the second college and geological surveys (who are Commonwealth and
State government agencies) constituted the third college. Each college was entitled to a vote on the Science
Steering Committee equal with that of each of the Essential Participants. Each Affiliate paid a $10,000 p.a.
membership fee.
There were 18 Affiliates at the end of the reporting period, comprising four junior mineral exploration companies,
eight mineral exploration supplier companies and six State and Commonwealth Geological Surveys. Ten of the
12 industry Affiliates are SMEs. The Affiliate members are listed in Section 4.12.
There were a number of ways in which Affiliates engaged with DET CRC, including:
• accessing the network of mining companies, supplier companies, geological surveys and research
organisations participating in the CRC;
• understanding the R&D priorities of the major mining company and geological survey sponsors;
• utilising the Brukunga Drilling Research & Training Facility;
• utilising research outcomes, and;
• being an active Project Party and receiving funding for research.
There have been some specific examples of engagement with Affiliate SMEs during 2017-2018 that have
assisted SMEs to build their innovation capacity and utilise research and development outputs of the CRC, these
include the following.
• HiSeis licenced a number of technologies from DET CRC related to seismic data acquisition, processing and
interpretation and is actively developing these technologies into commercial products and services.
• Globaltech continued its involvement as a party to Project 2.2. Globaltech brought expertise in data
acquisition systems and surface support systems electronics. DET CRC benefitted from Globaltech’s
domain-specific knowledge within the relevant projects and Globaltech benefitted from an improved
understanding of the needs of the exploration industry via DET CRC; from technical interaction with
researchers in publicly funded research organisations (largely Curtin University and CSIRO), and; from direct
project funding. Globaltech was heavily involved in the development of the AutoSonde, AutoShuttle and
Wireless Sub.

Tony Hamon (left) and Gordon Stewart (right), both from Globaltech, with the AutoShuttle at the 2017 Annual Conference.
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• Wassara have developed specialised water-driven drilling hammers (which can be used to greater depth
below the water table than conventional air-driven hammers). DET CRC has utilised the Wassara water
hammer system as part of the strategy to achieve high penetration rates at low weight-on-bit in coiled tubing
drilling. Wassara have provided information and access to their technologies to undertake this evaluation.
Wassara benefitted from gaining access to a fully established test facility to validate their technologies and,
depending on outcomes, may gain access to a potential new market via DET CRC’s outputs.
DET CRC has also engaged with several non-Affiliate SMEs. Engagement has been driven by DET CRC
looking to address knowledge gaps in its research programs and also by SMEs approaching DET CRC to offer
solutions. Examples include the following.
• OmniLogix are auto-electricians and worked within Project 1.1 to help build the RoXplorer® (assisting with the
electronics and control systems). DET CRC benefitted from this resource during construction and trialling of
RoXplorer®. OmniLogix benefitted from a long-term contract and the possibility that they will be engaged
further during the commercialisation process.
• Elementia Consulting are software engineers who worked within Project 3.2 to develop software for LIBS
analysis. Elementia Consulting benefitted from a long-term contract and from establishing a working (and
potentially ongoing) relationship with CSIRO researchers in fields of mutual interest.
A full list of domestic and international collaborations is provided in Appendices D & E.

Wassara water hammer used with the RoXplorer® system.

DET CRC September 2018

8Annual Report 2017-2018

- 29 -

DET CRC September 2018

4.8

Annual Report 2017-2018

- 30 -

Commercialisation

4.8.1 Commercialisation Pipeline
The Commercialisation Committee used a Commercialisation Pipeline to monitor the progress of all potentially
commercialisable outputs emerging from research. There were 25 potential products in the Commercialisation
Pipeline. The Commercialisation Pipeline was updated regularly. A snapshot of the commercialisation status of
the key ‘three pillars’ of research is provided in the Table below.
Program Technology
1
Coiled Tubing Drill
Rig
2

AutoSonde (total
count gamma)

2

AutoSonde (future
sensors)

2

AutoShuttle

3

Lab-at-Rig®
Analytical System
for Top-of-Hole
Sensing

Description
A greenfields coiled tubing drill rig capable of drilling to 500 m
depth at $50/metre and weighing less than 10 tonnes (i.e.
mobile) with ancillary environmental and WHS benefits.
A sonde that the driller can deliver through the drill rods at the
end of a drilling run and that can acquire depth-encoded total
counts gamma while the drill rods are being pulled out of the hole
(in association with conventional drilling and replacing wireline
logging).
As above with additional sensors that can provide a more
complete set of logs. Sensors for magnetic susceptibility and
resistivity.
Sensor package with data acquisition system attached to the
inner core tube in conventional diamond drilling. Can replace
conventional wireline logging with ability to log hole as it is being
drilled without any significant loss of productivity. Spectral and
total counts gamma will be the sensors on the AutoShuttle
platform.
Hardware, software and workflows for geochemical and
mineralogical characterisation of drill cuttings at the drill site,
integrated with diamond drill rig and solids removal unit to
provide real-time geochemistry and mineralogy.

Commercial Offering
Licenced to Imdex Q3
2018
Licenced to Boart
Longyear Q4 2014

Licenced to Boart
Longyear Q2 2018
Licenced to Boart
Longyear Q2 2018

Licenced to Imdex
Q3 2015

Commercialisation status of the three key research pillars.

4.8.2 Status of Commercial Offerings Made
All 25 technologies on the Commercialisation Pipeline had been offered for commercialisation shortly after the
end of the reporting period. Agreements had been reached for 15 of these, 10 were passed-up by industry
sponsors and have been assigned to research organisations to progress. The status of all offerings is
summarised in the table below.
Technology
AutoSonde (total count gamma)
IOCG Prospectivity Index
Hydrophone Baffle
3D Seismic Diffraction Imaging Software
3D Seismic Migration Software
Lab-at-Rig®
Smart Winch
Remote Rig Monitoring
Borehole Magnetic Gradiometer
Slimline (70mm or 50mm) PGNAA Tool
Drill hole Wavelet Analysis & visualisation
Wireless Sub
Real Time Drill Site Software
Puralite Sachets
High Speed Downhole Coring System
Drilling Optimisation Software
Pre-Stack Diffraction Software

DET CRC September 2018

Status
Agreement reached
Agreement reached
Agreement reached
Agreement reached
Agreement reached
Agreement reached
Passed-up
Passed-up
Passed-up
Passed-up
Agreement reached
Agreement reached
Agreement reached
Passed-up
Passed-up
Agreement reached
Agreement reached

Details
Licence agreement executed with Boart Longyear in Dec ‘14
Licence agreement executed with Imdex in Sep ‘14
Licence agreement executed with HiSeis in Nov ‘15
Licence agreement executed with HiSeis in Nov ‘15
Licence agreement executed with HiSeis in Nov ‘15
Licence agreements executed with Imdex in Sep ’15
Industry sponsors passed, IP assigned to CSIRO
Industry sponsors passed, IP assigned to CSIRO
Industry sponsors passed, IP assigned to CSIRO
Industry sponsors passed, IP assigned to CSIRO
Licence Agreement executed with Imdex in Nov ‘15
Licence agreement executed with Boart Longyear in Oct ‘16
Software provided to Boart Longyear & Imdex licence-free
Industry sponsors passed, IP assigned to CSIRO
Industry sponsors passed, IP assigned to MinEx CRC
Licence agreement executed with Boart Longyear in Sep ‘17
Licence agreement executed with HiSeis in Apr ‘17
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Fluid Management System
Automated XRD Processing Software
Sharp v Gradational Boundaries Software
AutoSonde, Additional Sensors
AutoShuttle Logging While Drilling Tool
RoXplorer CT Drilling System (rig, BHA,
fluid systems, CTrol, splitter)
GeoLIBS® LIBS Processing Software
Imaging Tool for CT Rig
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Passed-up
Agreement reached
Passed-up
Agreement reached
Agreement reached
Agreement reached

Industry sponsors passed, IP assigned to CSIRO
Licence agreement executed with Olympus in Jul ‘18
Industry sponsors passed, IP assigned to CSIRO
Licence agreement executed with Boart Longyear May ‘18
Licence agreement executed with Boart Longyear May ‘18
Licence agreement executed with Imdex Jul ‘18

Passed-up
Passed-up

Industry sponsors passed, IP assigned to CSIRO
Industry sponsors passed, IP assigned to Globaltech

Status of commercial offerings

Of the licence agreements entered to date, the RoXplorer® CT Drilling System, Lab-at-Rig®, AutoSonde,
AutoShuttle and the Wireless Sub are expected to have the greatest impact on the mineral exploration industry
and revenue generation.
4.8.3 Commercialisation Opportunity Workshops
Commercialisation Opportunity Workshops involving researchers, suppliers and mining companies were
conducted in order to assess the commercial readiness of research outputs. Utilising these ‘three legs’ of the
commercialisation model, researchers presented commercialisation opportunities to suppliers and mining
companies in order to receive feedback on the viability of research outputs and their readiness for licencing.
Researchers gained from the feedback and suppliers and mining companies directly impacted research
directions. Furthermore, suppliers benefited from mining company (i.e. their potential customer) involvement and
mining companies benefited from gaining a deeper understanding of new technologies on the horizon, permitting
them to consider the impacts on their business.
DET CRC held three Commercialisation Opportunity Workshops (COW) during the reporting period. The
following technologies were presented during the COW of 12 September 2017:
• RoXplorer® CT Drilling System; and
• GeoLIBS® LIBS processing software.
The feedback from workshop attendees on both technologies was encouraging and led to them being offered for
commercialisation shortly thereafter. The RoXplorer® CT Drilling System has since been licenced to Imdex whilst
GeoLIBS® was ultimately not taken up by industry and will be assigned to CSIRO to progress, probably within
MinEx CRC.
The following technologies were presented during the COW of 6 February 2018:
• coupled XRD/XRF inversion algorithm;
• preconcentration from drilling fluids & heavy mineral separation, and;
• algorithm for pXRF spectral deconvolution for Lab-at-Rig® type applications.

Commercilisation Opportinity Workshop 12 September 2017
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The conclusion of the COW was that all three technologies presented were at low technology readiness level
and not yet ready to offer for commercialisation. There was interest from sponsors in seeing further research
being conducted outside of DET CRC (either within MinEx CRC, a CRC-P, or a one-on-one project). It was
concluded that each technology should be assigned to the research organisation that has developed it.
The following technologies were presented during the COW of 6 June 2018:
• ‘GeoSub’ Tilt and Gamma tool for CT Rig, and;
• Imaging Tool for CT Rig.
Feedback from workshop attendees led to a decision to assign the GeoSub IP to Curtin University to progress
within the MinEx CRC where there is a clear development pathway for the tool. It was recommended that the
Imaging Tool, having no development pathway within MinEx CRC, be offered for commercialisation.

GeoSub tilt and gamma tool for coiled tube drilling.
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Intellectual Property Management

4.9.1 Summary of Registered IP
Three new patent applications were made during the reporting period: ‘Sample Collection System and Parts
Thereof’, ‘Rotary Drill Head for Coiled Tubing Drilling Apparatus’ and ‘Drilling Fluids and Uses Thereof’. Other,
older patent applications owned by DET CRC were also progressed by Boart Longyear and Imdex as licensees
in accordance with commercialisation licences.
Title
Borehole Logging Methods an
Apparatus

Country
Application No.
International 2013904475

Monitoring of Drilling Parameters of
Drilling Operations

International 2014903116

Sampling and Analysis System and International 2014904646
Method for use in Exploration Drilling
Drying apparatus and related
method

International 2014904649

Passive Downhole Measurement of
Density

Australia

2015901609

Method for Determining the Mineral International 2015902441
Composition of a Geological Sample
Capture of drilling fluid returns
International 2015903272
Detection of Gold Nanoparticles

International 2015902890

High Speed Downhole Coring
System
Mobile Coiled Tubing Apparatus

Australia

2016902725

Australia

2017050508

Sample Collection System and
Parts Thereof
Rotary Drill Head for Coiled Tubing
Drilling Apparatus
Drilling Fluids and Uses Thereof

Australia

2017903541

International 2017051098
Australia

2018901763

Priority Date Status
19 Nov 2013 Managed by Boart Longyear. Patent
applications lodged in numerous
countries
11 Aug 2014 Managed by Boart Longyear. Lapsed
at PCT stage after decision not to
progress
19 Nov 2014 Managed by Imdex:
Patent applications lodged in numerous
countries
19 Nov 2014 Managed by Imdex:
Patent applications lodged in numerous
countries
5 May 2015 Managed by DET CRC: Lapsed at
provisional application stage after
decision not to progress
24 Jun 2015 Managed by DET CRC: Lapsed at PCT
stage after decision not to progress
14 Aug 2015 Managed by Imdex:
Patent applications lodged in numerous
countries
21 Jul 2015 Managed by DET CRC: Lapsed at PCT
stage after decision not to progress
12 July 2016 Managed by DET CRC: Innovation
Patent granted
18 Jan 2017 Managed by Imdex: PCT Application
Submitted
1 Sep 2017 Managed by Imdex: PCT Application
Submitted
11 Oct 2017 Managed by Imdex: PCT Application
Submitted
21 May 2018 Managed by Imdex: Provisional
Application Submitted

Status of DET CRC’s patent applications.

One design registration was made during the year titled ‘A Cone Member for a Cone Splitter’.
Title
Fluids Capture Apparatus 1
Fluids Capture Apparatus 2
Mobile Coiled Tubing Apparatus
A Cone Member for a Cone Splitter

Country
Australia
Australia
International
Australia

Application No.
201514172
201514173
201710287
201715232

Priority Date
14 Aug ‘15
14 Aug ‘15
18 Jan ‘17
1 Sep ‘17

Status
Registered, managed by Imdex
Registered, managed by Imdex
Registered, managed by Imdex
Registered, managed by Imdex

DET CRC’s registered designs.
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No new trademark registration applications were made during the year.
Trade Mark
DET CRC Logo
Lab-at-Rig®
RoXplorer®
GeoLIBS®
CTrol®

Country
Australia
Australia
Australia
Australia
Australia

Application No.
1410230
1581982
1664080
1754508
1827061

Classes
37, 42 & 45
7, 9, 37 & 42
7,37
9 & 42
1

Filing Date
22 Feb 2011
23 Sep 2013
11 Dec 2014
24 Feb 2016
21 Feb 2017

Status
Accepted
Accepted
Accepted
Accepted
Accepted

DET CRC’s registered trademarks.

4.9.2 Identification and Management of IP
The following comments relate to DET CRC’s processes for IP Management in the context of the National
Principles of IP Management and are as reflected in the IP and Commercialisation Guide.
DET CRC required that all Project Parties, Program Leaders, Project Leaders and team members ensured that
they had freedom to operate before embarking on a project. Freedom to operate (including patent search)
means having all the necessary licenses and other approvals required for activities and industry use of outputs.
This includes licenses to use IP owned by third parties and legal approvals required by regulatory authorities. It
was the responsibility of researchers to identify potential and actual IP at the commencement of a project and
throughout the project as it proceeded. If new IP was identified by the research team, it was the responsibility of
the Project or Program Leader to inform the CFO. One of the key roles of the CFO was to discuss with Program
and Project Leaders the progress of their research activities and assist in identifying emerging IP and
commercialisation opportunities. The CFO was also a member of the Executive Management Committee.
4.9.3 Protection of IP
DET CRC engaged the services of professionals where required to obtain the appropriate licences, provisional
patents and full patents to protect its IP.
4.9.4 Ownership of IP
IP that was developed within projects is held legally by the DET CRC on behalf of the Project Participants. The
beneficial ownership of this Project IP is assigned through Project Shares specified in the Project Agreements.
That the DET CRC has legal ownership of Project IP is important as it permits the Board of DET CRC to enter a
commercialisation agreement regarding Project IP and no participant may veto such a decision.
With respect to Background IP, the existing owner of Background IP retains ownership, but licenses the DET
CRC to use the Background IP for the purposes of agreed Projects. If Background IP is required for the
purposes of commercialisation of Project IP, the Participant will grant a license to the DET CRC on commercial
arm’s length terms.

Core samples from the Brukunga Drilling Research and Training Facility.
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4.9.5 Assessment of Existing IP and Sharing of Benefits
The Background IP relevant to research projects has been documented in Project Agreements prior to the
commencement of each project. Adjustments or additions to the listing of Background IP can be made
throughout the project. Background IP so-listed is licensed to the project for its duration. A key aspect of
agreements for commercialisation of Project IP is agreeing the proportion of background and Project IP in any
given product or service.
4.9.6 Transparency and Reporting
Full reporting on IP management and outcomes of research has been provided to the CRC Programme and
other stakeholders annually.
4.9.7 Potential Conflict of Interest
The processes developed by DET CRC for the identification, management, protection and exploitation of IP
provided a number of safeguards against potential conflict of interest. Such safeguards include the role of the
independent Commercialisation Committee and Board who are required to make the ultimate decision regarding
commercialisation agreements.
4.9.8 Commercialisation of Research Findings
The above arrangements ensured that IP is identified, protected and exploited to maximise the potential national
benefits accruing to Australia.

Delegates at the 2017 Annual Conference technology demonstrations.
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4.10 Communications
The table below summarises communications activities during the reporting period. Additional comments on key
communications actives follow. Items listed in the table below as internal communications are exclusively
internal. Items listed under external communications also play a role in internal communication.
Internal Communications
Annual Conference: Hahndorf and Brukunga, SA (12-15
September 2017)
Wrap-Up Presentations, Fremantle, WA (7 June 2018)

External Communications
2 press releases
www.detcrc.com.au/det-news-centre/det-crc-news/
Four new drill bit videos for DET CRC TV
www.detcrc.com.au/portfolio/drill-bits/
Two new RoXplorer videos for DET CRC TV
www.detcrc.com.au/portfolio/channel-1-roxplorer-videos/

Science Steering Committee meetings:
Adelaide, SA (15 September 2017) and Fremantle, WA (7
June 2018)
DET CRC @ PDAC 2018 Seminar, PDAC, Toronto (4 March Four new corporate videos for DET CRC TV
2018)
www.detcrc.com.au/portfolio/corporate/www.detcrc.com.au/
portfolio/corporate/
Centric Project Management System with all progress
One new MSDP video for DET CRC TV
reports, technical reports and publications
www.detcrc.com.au/portfolio/mineral-systems-drillingprogram-series/
Program meetings: monthly telecons for project teams
Website
www.detcrc.com.au
Executive Management Committee meetings: Quarterly
Annual reports: long form and short form (available on DET
face-to-face meetings & telecons in intervening months
CRC website)
Directors’ liaison with Participant representatives and Board DET CRC Strategic Plan (available on DET CRC website)
stakeholders dinners (quarterly with Board meetings)
CEO’s Board meeting summaries to Participant
Project summaries (available on DET CRC website)
representatives, program leaders and project leaders
(quarterly with Board Meetings)
Monthly summary of new reports on Centric to Science
Project animations (available on DET CRC website)
Steering Committee
Internal communications within and from Audit Committee,
EXPLORE Quarterly eNews (available on DET CRC
Commercialisation Committee, Education and Training
website)
Committee and Risk Committee
Affiliate meetings: face to face 15 September 2017
Conference presentations and booths including at
Exploration ’17, Toronto (October 2017) and Prospectors
and Developers Association of Canada, Toronto (March
2018)
DET CRC Affiliate Certificates to all Affiliates
42 articles in newspapers and trade press
DET CRC Banners at Participant research providers
Corporate collateral: corporate overview, research
highlights postcard, DET CRC TV postcard, DET CRCbranded posters
Communications Strategic Plan
Scientific abstracts and papers (Appendix A)
Quarterly media reports
Contacts with DET CRC sponsors and potential new MinEx
CRC sponsors regarding the MinEx CRC Bid prior to Stage
1 Bid submission.
DET CRC’s Communication Activities.

4.10.1 Overall strategies used to ensure effective internal and external communications
The communications highlight for 2017-2018 was DET CRC’s seventh and final Annual Conference: ‘Uncovering
the Future VII’. Events were held over the period 12-15 September 2017. ~140 delegates attended the
Conference (70% of whom were from industry/end-user organisations, 30% from research organisations). 90%
of Participant organisations were represented, 44% of Affiliate organisations were represented.
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Key components of the Annual Conference included:
• a DET CRC PhD Dinner;
• a live technology demonstration at the Brukunga Drilling Research and Training Facility, and;
• one day of industry/researcher presentations.
The highlight of the Annual Conference was the live technology demonstration at the Brukunga Drilling Research
and Training Facility. This demonstrated DET CRC’s drilling, sensing, sampling and analytical platforms
developed over its lifetime. Delegates were provided with real time demonstrations of the following:
• drilling ahead with the Wireless Sub;
• drilling ahead with the AutoShuttle logging-while-drilling;
• sampling cuttings and Lab-at-Rig® analysis;
• pulling drill rods out of the hole and the AutoSonde logging-while-tripping out of the hole;
• CTrol® drilling fluid and the flow circuit;
• cuttings sampling system;
• Lab-at-Rig® for CT drilling (dewatering, drying, comminution, pressing and analysing), and;
• downhole sensors for CT drilling.
Our annual ‘Best Technology Prize’ was awarded at the Annual Conference, having been decided by the
Science Steering Committee. It was won by the Curtin University component of the Project 1.1 team, who
received the prize for their work on CTrol® and CTrolX, the drilling fluid systems for the RoXplorer® coiled tubing
drilling system.
Our annual ‘Best Paper Prize’ was also awarded at the Annual Conference, having been decided by our three
Program Leaders. Congratulations to Le Van Anh Cuong (Curtin University) and co-authors won the Best Paper
Prize for their paper titled ‘Semiautomatic and Automatic Cooperative Inversion of Seismic and Magnetotelluric
Data’ which was published in ‘Surveys in Geophysics’.
DET CRC made two press releases during the reporting period, viz.:
• ‘DET CRC Press Release: Revolutionary Drill Rig a Step Closer After Successful Victorian Trial’ (September
2017), and;
• ‘DET CRC Technical Press Release: RoXplorer® Coiled Tubing Drill Rig Successfully Drills Consolidated and
Unconsolidated Cover Rocks and Basement and Delivers Representative Samples‘ (September 2017).
DET CRC distributed four editions of its quarterly newsletter ‘EXPLORE’ during the reporting period. ‘EXPLORE’
is distributed via an HTML email and is hosted on the DET CRC website.

Delegates at the 2017 Annual Conference ‘Uncovering the Future VII’.
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DET CRC TV continues to be a key communication tool for reporting on research outcomes. DET CRC TV is
hosted on YouTube (www.youtube.com/detcrctv/) and on DET CRC’s website (www.detcrc.com.au/det-crc-tv/).
It now consists of seven channels:
• Channel 1: RoXplorer® Videos, showcasing DET CRC’s flagship project;
• Channel 2: Project Summaries, demonstrating DET CRC’s current projects;
• Channel 3: Drill Bits, profiling DET CRC research projects;
• Channel 4: Mineral Systems Drilling Program Video Series;
• Channel 5: Corporate Videos, CEO updates, corporate events and company news;
• Channel 6: Know your Researcher, profiling DET CRC researchers, and;
• Channel 7: Animations of Project Goals (2010), demonstrating the original goals of DET CRC’s projects
11 new videos were uploaded to DET CRC TV during the reporting period.
• Two Channel 1 RoXplorer® videos:
➢ ‘RoXplorer® Field Trials Overview (summary) (541 views)
➢ ‘RoXplorer® Field Trials Overview (extended version) (890 views)
• Four Channel 3 Drill Bit videos:
➢ ‘Curtin University Drilling Mechanics Lab’ (108 views)
➢ ‘Sampling with the RoXplorer® CT Drilling System’ (26 views)
➢ ‘Powering the Downhole Assembly of the RoXplorer® CT Drilling System’ (26 views)
• One episode of the Channel 4 MSDP video series:
➢ ‘Episode 9: Geological Results’ (146 views)
• Four Channel 5 Corporate videos:
➢ ‘2017 DET CRC AGM - CEO's Report’ (270 views)
➢ ‘DET CRC TV Blooper Reel (Take II)’ (218 views)
➢ ‘CRCA Excellence in Innovation Awards Video’ (300 views)
➢ ‘DET CRC 2010 – 2018’ (only recently uploaded)
At 30 June 2018, DET CRC TV videos had received over 43,000 views on YouTube in total.
On 15 May 2018 the Project 1.1 team were awarded a prestigious ‘Award for Excellence in Innovation’ for the
RoXplorer® coiled tubing drill rig from the CRC Association. These awards were initiated in 1999 to recognise
outstanding examples of CRC innovations. The award was presented at a Gala Dinner as part of the CRC
Association’s 2018 Annual Conference.

(Leftt-to-right) Lindsay Gilligan (DET CRC Director), Graham Carr (CSIRO), Katherine Woodthorpe (Former DET CRC Director), Soren Soe (DET
CRC), Richard Hillis (DET CRC), David Giles (UniSA), Shane Fox (Boart Longyear) and Andy Wurst (Barrick).
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In November 2017 the RoXplorer® coiled tubing drill rig was also nominated for a Mining Magazine ‘Exploration’
award. These annual awards recognise outstanding new technologies, initiatives and equipment performance in
the mining sector over a range of categories.
The RoXplorer® coiled tubing drill rig was displayed at the GSSA Discovery Day, Adelaide, SA (7 December
2017) and the SA Explorers Conference, Adelaide, SA (8 December 2017). Each of these conferences attracted
over 300 delegates.
Detailed project-related reports and publications are held on the sponsor-only, web-based Centric project
management system. Eighty three documents were uploaded to Centric during the reporting period, taking the
total number of documents in Centric to 1158
The Science Steering Committee (SSC) convened twice during the reporting period, once on 15 September 2017
at the Annual Conference held in Hahndorf, SA and also on 7 June 2018 in Fremantle, WA.
A face-to-face meeting of Affiliates was held at the Annual Conference (15 September 2017).
DET CRC continues to produce a Quarterly Online Media Report in order to monitor website, eNews and
YouTube metrics. These reports continue to provide an important guide to focus promotional efforts.
DET CRC again exhibited at the Prospectors and Developers Association of Canada (PDAC) Convention in
Toronto (March 2018). This is the world’s premier mining and mineral exploration conference and exhibition and
was attended by ~25,000 delegates. In addition to our booth in the Australian Pavilion, we gave a half-day
seminar for sponsors on the morning of Sunday 4 March. The half-day seminar had ~57 attendees (86% from
industry; 14% from research organisations) from the following organisations:
• AMIRA
● Curtin
● Olympus
• Anglo American
● De Beers
● Reflex
• Barrick
● SA Government*
● UniSA
• Bureau Veritas
● Geoscience Australia
● Vale
• Geological Surveys of QLD & WA,
● Globaltech
• CSIRO
● HiSeis
*Departments of Premier and Cabinet and State Development
Our PDAC seminar provides North American-based Participants with a comprehensive update of activities.
DET CRC has been well represented in newspapers and trade press during the reporting period, generating 42
media hits. DET CRC has retained communications consultants ‘FULLER’ during 2017-2018. This relationship
has continued to improve the focus and quality of our communications.

Prospectors and Developers Association of Canada (PDAC) Convention.
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4.11 Governance – Board, Committees and Key Staff
The Board and Committees of DET CRC operate to the fiduciary and governance standards that apply to
incorporated bodies under Australian Law. DET CRC has received tax-exempt status from the Australian
Taxation Office.
The Board of Directors met four times over the reporting period, all four of these meetings were held face-to-face.
Three independent Directors retired during the reporting period: Tony Macpherson (November 2017), Erica
Smyth (November 2017) and Katherine Woodthorpe (February 2018). These retirements were foreshadowed in
the Wind-Up Plan submitted to the Department in May 2017, the Wind-Up Plan stated that:
“It is anticipated that the Board composition will change as Wind-Up is approached. There is likely to be a
reduction to the number of Directors from eight to as low as four who between them have an appropriate mix
of skills to oversee the Wind-Up. This process of Board change will commence at the 2017 AGM and will
require amendments to both the Constitution and Participants Agreement which currently stipulate a
minimum of six directors covering a wider range of skill sets than what is required for Wind-Up”.
The abovementioned changes to the Constitution and Participants Agreement were made following the
November 2017 AGM.
On 30 June 2018, CEO Richard Hillis retired (at the conclusion of fixed term contract) and was replaced by Ian
Hardwick (former CFO) from 1 July 2018. The CEO is an ex-officio member of the Board. This approach to
CEO succession was also as foreshadowed in the Wind-Up Plan.
The Science Steering Committee (SSC) has been the key committee of DET CRC. All Project Agreements were
approved by the SSC and by the Board. The Participants were represented on the SSC. The SSC convened
twice during the reporting period, once in Adelaide (September 2017) and once in Fremantle (June 2018).
The memberships of the Audit Committee, Commercialisation Committee, Education & Training Committee and
Risk Committee are summarised below along with their meeting dates.
The Executive Management Committee (membership listed below) comprises the CEO, CFO and Program
Leaders and met most months. One meeting per quarter of the Executive Management Committee was face-toface and included alternates for each of the Program Leaders in order to assist succession planning. The
Executive Management Committee met by teleconference in the intervening months. The role of this committee
was to focus on the day-to-day activities, particularly as they pertained to the research activities.
DET CRC Directors at 30 June 2018

Tom Whiting
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Board Members
Name

Role

Key skills
Mining & Exploration
Gov’nce, Audit, Risk & Finance
Government Agencies
Commercialisation
Geology, Research & Education

Independent/
Organisation
Independent
Independent
Independent
Independent
DET CRC

Meetings
Held
4
4
4
4
4

Meetings
Attended
4
4
4
4
4

Tom Whiting
Bruce Brook
Lindsay Gilligan
Phil Harman
Richard Hillis
(retired 30 Jun ‘18)
Katherine Woodthorpe
(retired 15 Feb ‘18)
Erica Smyth
(retired 17 Nov ‘17)
Tony Macpherson
(retired 17 Nov ‘17)

Chairman
Director
Director
Director
CEO
Director

Research & Education

Independent

3

3

Director

Mining & Exploration

Independent

2

2

Director

Drilling

Independent

2

0

Board Meetings held during 2017-2018:
• 8 August 2017, Perth
• 14 November 2017, Melbourne;
• 15 February 2018, Adelaide;
• 17 May 2018, Melbourne 2018, and
• 27 June 2018, Adelaide.
Committee Members as at 30 June 2018
Committee Name
Name
Gordon Stewart
Tony Belperio
Richard Blewett
John Carter
William Howard
Paul Hodkiewicz

Science Steering Committee
Role
Key Skills
Invited Expert
Software Engineering
Producer Affiliate
Geology & Exploration
Survey Affiliate
Geology & Research
Supplier Affiliate
Geochemistry
Supplier Affiliate
Drilling Services
Participant Rep
Geoscience & Technology

Independent/Organisation
Globaltech
Minotaur
Geoscience Australia
Bureau Veritas
Sandvik
Anglo American

Louis Polome
Andy Wurst
Simon Griffiths
Lee Sampson
Darren Stephens
Joe Knight
Anousha Hashemi
Colin Carey
Mike Ravella
Derek Loughlin
James Cleverley
Aaron Baensch
Glenn McDowell
Steve Hill
Steve Harvey
Roger Plumb
Alan Collins
Joe Cucuzza
Soren Soe
Brett Harris
David Giles
Richard Hillis
Tom Whiting

Invited Expert
Participant Rep
Invited Expert
Invited Expert
Invited Expert
Invited Expert
Invited Expert
Invited Expert
Participant Rep
Participant Rep
Invited Expert
Invited Expert
Participant Rep
Participant Rep
Participant Rep
Participant Rep
Participant Rep
AMIRA
Program Leader
Program Leader
Program Leader
Chairman
Director

Anglo American
Barrick
Barrick
Barrick
BHPB IO
BHPB IO
BHPB
BHP AMN
Boart Longyear
Imdex
Imdex
Olympus
Vale
DSD
CSIRO
Curtin University
University of Adelaide
AMIRA
CSIRO
Curtin University
UniSA/DET CRC
DET CRC
Independent

DET CRC September 2018

Geophysics & Exploration
Geology & Exploration
Geochemistry
Geophysics
Geology
Geology
Geophysics
Exploration
Drilling Services
Drilling Services
Geochemistry
Geology
R&D & Exploration
Geology
Research Management
Research Management
Geology, Research & Education
Research Management
Engineering
Geophysics
Geology
Geology, Research & Education
Geology & Exploration
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John Emerson
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Invited Expert
Invited Expert
Invited Expert

Exploration
Geology & Exploration
Drilling Services
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Consultant
Consultant
Consultant

Science Steering Committee Meetings held during 2017-2018:
• 15 September 2017, and;
• 7 June 2018.
Committee Name
Name
Bruce Brook
Richard Hillis
Tom Whiting

Audit Committee
Role
Chairman
Member
Member

Key Skills
Governance, Audit, Risk & Finance
Geology, Research, Education
Mining & Exploration

Independent/Organis’n
Independent
DET CRC
Independent

Audit Committee meetings held during 2017-2018:
• 16 October 2017 and;
• 17 May 2018.
Committee Name
Name
Phil Harman
Tom Whiting
Richard Hillis
Ian Hardwick
Robbie Rowe

Commercialisation Committee
Role
Key Skills
Chairman
Commercialisation
Member
Mining & Exploration
Member
Geology, Research & Education
Member
Accounting & Finance
Member
Geology & Exploration

Independent/Organis’n
Independent
Independent
DET CRC
DET CRC
Consultant

Commercialisation Committee meetings held during 2017-2018:
• 4 August 2017,
• 14 November 2017
• 9 February 2018 and;
• 17 May 2018.
Committee Name
Name
Caroline Forbes
Richard Hillis
Ian Hardwick
Phil de Courcey
Chaoshui Xu
Arcady Dyskin
Maxim Lebedev
Masood Mostofi
Phil Fawell

Education and Training Committee
Role
Key Skills
Chair
Geology, Research & Education
Member
Geology, Research & Education
Member
Accounting & Finance
Member
VET Training
Member
Mining Engineering & Education
Member
Mining Engineering & Education
Member
Geophysics & Education
Member
Drilling Engineering
Member
Chemistry

Independent/Organis’n
University of Adelaide
DET CRC
DET CRC
RESA
University of Adelaide
University of WA
Curtin University
Curtin University
CSIRO

Education and Training Committee meetings held during 2017-2018:
• 18 August 2017;
• 16 November 2017;
• 16 February 2018, and;
• 15 June 2018.
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Committee Name
Name
Tom Whiting
Phil Harman
Lindsay Gilligan
Richard Hillis
Ian Hardwick

Annual Report 2017-2018

Risk Committee
Role
Chairman
Member
Member
Member
Member
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Key Skills
Mining & Exploration
Commercialisation
Government Agencies
Geology, Research & Education
Accounting & Finance

Independent/Organis’n
Independent
Independent
Independent
DET CRC
DET CRC

Executive Management Committee
Role
Key Skills
Chairman
Geology, Research & Education
Member
Accounting & Finance
Member
Engineering
Member
Geophysics
Member
Geology
Member
Geochemistry

Independent/Organis’n
DET CRC
DET CRC
DET CRC
Curtin University
UniSA / DET CRC
CSIRO

Risk Committee meetings held during 2017-2018:
• 7 August 2017, and;
• 15 February 2018.
Committee Name
Name
Richard Hillis
Ian Hardwick
Soren Soe
Brett Harris
David Giles
Yulia Uvarova

Executive Management Committee meetings held during 2017-2018:
• 20 July 2017;
• 17 August 2017;
• 2 November 2017;
• 14 December 2017;
• 22 February 2018;
• 22 March 2018;
• 19 April 2018, and;
• 6 June 2018.
Key Staff as at 30 June 2018
Name
Richard Hillis*
Ian Hardwick**
Anna Porter*
Soren Soe*
Tom Whiting**

Organisation
DET CRC
DET CRC
DET CRC
DET CRC
Independent

CRC Position/Role
Chief Executive Officer
Chief Financial Officer
Communications & Admin Manager
Program 1 Leader
Chairman of the Board

Time Committed
100%
100%
100%
100%
20%

* employment ended 30 June 2018
** employment ends 30 September 2018
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4.12 Participants
List of Participants during the Reporting Period
Participant’s Name

Participant
Type

ABN or ACN

Organisation
Type

Anglo Operations Pty Ltd
Barrick (Australia Pacific) Ltd
BHP Billiton Olympic Dam Corporation Pty Ltd
Boart Longyear Ltd
Imdex Limited
Vale Exploration Pty Ltd
CSIRO
South Australian Government Department of
Premier and Cabinet
Curtin University
University of Adelaide

Essential
Essential
Essential
Essential
Essential
Essential
Essential
Essential

N/A (international)
19 008 143 137
99 007 835 761
49 123 052 728
78 008 947 813
87 127 080 219
41 687 119 230
83 524 915 929

Industry
Industry
Industry
Industry
Industry
Industry
Australian Government
State Government

Essential
Essential

99 143 842 569
61 249 878 937

University
University

List of Other Participants during the Reporting Period
Other Participant’s Name

Participant
Type

ABN or ACN

Organisation Type

Geoscience Australia
University of Western Australia
Olympus Australia Pty Ltd
University of South Australia

Other
Other
Other
Other

80 091 799 039
37 882 817 280
90 078 493 295
37 191 313 308

Australian Government
University
Industry
University

List of Affiliates during the Reporting Period
Affiliate’s Name

Participant
Type

ABN or ACN

Organisation Type

Affiliate
College

Kingston Resources
Heathgate Resources
Minotaur Exploration Ltd
Investigator Resources Limited
Bureau Veritas
Century Engineering
Epslog Engineering
Globaltech Pty Ltd
HiSeis
Leapfrog
Sandvik
Wassara
Geoscience Australia
New South Wales Geological Survey
Northern Territory Geological Survey
Queensland Geological Survey
Victoria Geological Survey
Western Australia Geological Survey

Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate
Affiliate

44 009 148 529
31 011 018 232
35 108 483 601
98 008 624 691
n/a
97 123 540 116
n/a
81 086 012 393
83 136 507 429
87 159 745 570
n/a
n/a
80 091 799 039
n/a
n/a
n/a
n/a
n/a

SME
SME
SME
SME
International Industry
SME
International Industry
SME
SME
SME
International Industry
International Industry
Australian Government
State Government
Territory Government
State Government
State Government
State Government

Producer
Producer
Producer
Producer
Supplier
Supplier
Supplier
Supplier
Supplier
Supplier
Supplier
Supplier
Survey
Survey
Survey
Survey
Survey
Survey
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4.13 Collaboration
A key goal of DET CRC has been the development of a multi-disciplinary, multi-institutional, multi-sector
research community of a size and scale capable of delivering on its vision. During DET CRC’s lifetime that
community has involved approximately 300 researchers from 19 different organisations for over 300 person
years’ research plus the technical input of ~30 (largely industry) experts involved with the SSC and project review
functions.
DET CRC recognises the value of collaborations and its key role in facilitating collaboration. Specific efforts to
increase the level of collaboration include the following.
• Development and maintenance of the Affiliate program described in Section 4.7. Many of these Affiliates
have been directly involved in research projects, either as active researchers, contributors of in-kind
resources or through utilisation of the outputs.
• DET CRC’s Head Office has been embedded with industry (co-located with Boart Longyear at its Asia Pacific
Headquarters in Adelaide).
• DET CRC has benefitted from considerable end-user pull-through of its technologies due to field deployments
in collaborative drilling programmes with Geoscience Australia, the Geological Surveys of Victoria and South
Australia, Anglo American and BHP.
• DET CRC’s Annual Conference is attended by 120-140 delegates each year. The September 2017 Annual
Conference was attended by 140 delegates, 70% were from industry/end-user Participants and 30% from
research Participants.
• There were monthly teleconferences for each program and occasional face-to face program workshops.
• There were frequent visits between research nodes especially between the larger nodes in Adelaide and
Perth.
• Technology testing undertaken at the Brukunga DRTF has been a key to collaboration.
• Most PhD students are co-supervised by industry representatives.
4.13.1 Domestic Collaboration
DET CRC collaborated with a variety of organisations including both Participants and non-Participants during the
reporting period. These are detailed in Appendix D and some specific examples follow.
• A major area of collaboration during the reporting period was planning for the RoXplorer® CT Drilling System
trial in Nevada. In January 2018 we presented the RoXplorer® CT Drilling System to senior Barrick staff at
their ‘Drilling Technology Workshop’. The outcome of the workshop and the discussions that followed was
that Barrick (in partnership with Imdex) will conduct an extensive field trial at an exploration site in Nevada.
Detailed planning for this trial commenced in February 2018 with progress meetings held weekly. The rig
arrived in Nevada in early June 2018, drilling commenced in July 2018 and is expected to continue until
around mid-October 2018. Barrick have budgeted US$1.4M to carry-out the trial.

Brukunga Drilling Research and Training Facility.
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• Given that the CT rig research project (Project 1.1) officially ended in November 2017, it was necessary to reassemble a team capable of carrying out the Nevada trial. The Nevada trial has involved close collaboration
between nine different organisations, namely DET CRC, Barrick, Imdex, National Drilling, University of South
Australia, CSIRO, Curtin University, Omnilogix and Bayleen Filters.
• DET CRC led the MinEx CRC bid from its inception until its Stage 1 submission. This naturally involved
engagement and collaboration with a range of organisations, both domestic and international, most
significantly the Participants that were named in the Stage 1 bid, those being: Barrick, BHP, Atlas Copco,
Geotec Boyles, HiSeis, Imdex, Olympus, Ranger Drilling, Sandvik, Geoscience Australia, the Geological
Surveys of NSW, SA and WA, CSIRO, Curtin University, University of Adelaide, University of South Australia,
University of Western Australia and MRIWA.
• DET CRC’s 2017 Annual Conference included live technology demonstrations at the Brukunga DRTF. These
demonstrations required significant multi-party collaboration. Most notable were the Wireless Sub
demonstration (CSIRO, Globaltech and Boart Longyear), AutoSonde and AutoShuttle (Globaltech, Curtin
University and Boart Longyear), CT rig (Curtin University, CSIRO, Boart Longyear, Omnilogix and DET CRC)
and the Lab-at-Rig® (Imdex, University of South Australia and CSIRO).
• Boart Longyear have provided researchers from Project 2.2 with access to their test facility at Pyrites Road,
Brukunga in South Australia. This has enabled field testing of the Multi-sensor AutoSonde, AutoShuttle,
GeoSub and CT Imaging Tool after the closure of DET CRC’s Brukunga DRTF in October 2017.
4.13.2 International Collaboration
DET CRC has built a reputation as an international leader in research in mineral exploration technology. A
variety of specific international collaborations are detailed in Appendix E and some specific examples follow.
• Planning for the RoXplorer® CT Drilling System trial in Nevada involved close collaboration with Barrick and
National Drilling as described in Section 4.13.1.
• Preparing the MinEx CRC bid to Stage 1 required international collaboration with a range of companies, most
notably with Barrick, Atlas Copco, Geotec Boyles and Sandvik.
• Researchers from CSIRO and Boart Longyear worked with DET CRC Affiliate Wassara, based in Sweden, to
extensively investigate Wassara’s hammer drilling technologies for an integrated application to the CT Rig.
• Two of DET CRC’s major mining company Participants are almost exclusively based overseas, these being
Barrick Gold (Canada) and Vale (Canada). Despite the geographical separation, these Participants have
contributed strongly to scientific direction through active involvement in the SSC, attendance at DET CRC’s
Annual Conference and through other ad hoc meetings. DET CRC’s executive gave a comprehensive
update to sponsors in Toronto in March 2018.

(Left-to-right) Soren Soe (DET CRC), Brett Harris (Curtin) and David Giles (UniSA) presenting at the 2017 Annual Conference.
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4.14 Financial Management
4.14.1 Summary of Financial Performance
DET CRC’s cash balance at 30 June 2018 was $1,019K, trade/other receivables were $7K, there were no other
assets on hand. Trade payables and provision for employee entitlements were $700K, projected expenses for
the wind-up period (July-September 2018) were $214K and the projected residual surplus to be transferred to
MinEx CRC was $112K.
Revenue & Expenditure ($’000)
Revenue
Commonwealth Funding
Participant Contributions
Affiliates Contributions
Grant Funding (SA Government)
Interest/Other Income
Total Revenue

2018 FY

2017 FY

1,734
50
(17)
166
1,933

3,505
2,453
135
200
173
6,466

Expenditure
Research Program Expenditure
- Program 1
- Program 2
- Program 3
- Opportunity Fund & Other Projects
- Centrally Funded Expenditure
- Mineral Systems Drilling Program
Total Research Program Expenditure

474
173
309
315
421
1,692

2,508
487
917
579
659
67
5,217

Education & Training
Management Expenses
Wind-Up Period Costs (incl transfer to MinEx CRC)
Salaries & Wages (incl Directors Fees)
Total Expenditure

83
586
326
1,091
3,778

80
426
1,253
6,976

Net Surplus/(Deficit)

(1,845)

(510)

Statement of Financial Position ($’000)
Assets
Cash at Bank
Trade Receivables
Prepayments & Accrued Income
Equipment & Intangibles
Total Assets

2018 FY

2017 FY

1,019
5
2
1,026

2,673
1,144
137
15
3,969

1,026
1,026

2,049
75
2,124

Net Assets

-

1,845

Retained Surplus

-

1,845

Liabilities
Trade Payables & Accruals
Scholarships Payable
Total Liabilities

DET CRC held a cash balance of $1.0M at the end of the reporting period, which is $1.0M greater than projected
in the original Commonwealth Agreement Budget (CAB), as shown in the table below.
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Life of CRC ($’000)
Revenue
DI Funding
Essential/Other Participants
Other Firm Cash – Affiliates
Grant Funding/Other Income
Interest
Total Revenue
Expenditure Research Programs*
Working Capital Adjustment
Closing Cash at Bank
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Actual to 30 June 2018

CAB to 30 June 2018

Variance

28,000
25,952
1,555
5,068
1,347
61,922

28,000
19,240
1,380
48,620

6,712
175
5,068
1,347
13,302

(61,810)

(48,620)

(13,190)

907

-

907

1,019

-

1,019

Reconciliation of DET CRC’s cash balance. *Includes centrally funded and education expenditure as well as direct project payments. .

4.14.2 Contributions from Essential and Other Participants
Contributions from Essential and Other Participants were $6.7M ahead of the CAB over the life of DET CRC.
This difference can be broken down as follows:
• $5,200K relates to funds from new Participants Anglo $3,600K, Imdex $1,200K and Olympus $400K;
• $4,345K relates to additional funding from BHP $960K, CSIRO $250K, Curtin University $610K and
Department State Development (South Australia) $2,525K compared to original CAB, and;
• ($2,833K) relates to the withdrawal of Gold Fields ($1,538K) and Newcrest ($1,295K).
4.14.3 Grant Funding / Other Income
DET CRC received the following grants and other income:
• $774K South Australian Government Grant for Brukunga DRTF;
• $1,788K from Geoscience Australia for Regional Drilling Project;
• $650K from Minotaur Exploration and Kingston Resources for MSDP;
• $1,100K South Australian Government Grant towards Project 1.1;
• $350K South Australian Government Grant towards Real-Time Drill Site Project
• $127K South Australian Government Grant to fund costs of embedded researcher within Project 3.4; and
• $135K from prospective MinEx CRC Participants towards stage 1 bid costs.
4.14.4 Interest Income
Cash balances have been invested in a mixture of short- and medium-term cash deposits appropriate for cash
flow requirements. Interest income was high in the early years due to the accumulation of cash from delayed
project commencement and additional Participant contributions.
4.14.5 Expenditure
Total expenditure exceeded that projected in the CAB as DET CRC spent the additional revenue received from
Participants and other sources. Expenditure shown in the above ‘Life of CRC Table’ includes all heads of
expenditure, being research, education and head office. Expenditure is grouped there consistently with the
format of the original CAB. In order to provide additional information, life-to-date expenditure can be broken
down as follows:
• research expenditure accounts for ~74% of all expenditure, of this ~ 50% relates to Program 1, ~20% to
Program 2 and ~30% to Program 3;
• education expenditure accounts for ~6% of all expenditure, with the vast majority of that to fund PhD
scholarships, and;
• Head Office expenditure accounts for ~20% of all cash expenditure and includes management salaries and
an independent Board of Directors.
4.14.7 Issues Experienced
No issues were experienced with respect to financial management.
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DET CRC will not continue post-2018 as an entity outside of the CRC Programme. The Commonwealth Funding
Agreement expires on 30 June 2018 and DET CRC will be wound-up by 30 September 2018 (refer also to
Section 6.1).
The Cooperative Research Centre for Deep Exploration Technologies (‘The Centre’) was established by a
Participants Agreement. The Centre is managed by Deep Exploration Technologies CRC Limited (‘The
Company’) which is an incorporated company limited by guarantee and is the signatory to the Commonwealth
Funding Agreement. The Company will be voluntarily deregistered in accordance with the Corporations Act
following the submission of a ‘Form 6010’ with ASIC by 30 September 2018.
DET CRC’s technical legacy will be delivered via IP licensed to and commercialised by the METS sector to
provide improved services to the mineral exploration industry. Access to DET CRC project information will be
available via an enduring website and technical publications via the National Library. DET CRC will also leave a
strong postgraduate research and VET training legacy and network of research collaboration. DET CRC’s
licensed IP interests will be transferred to MinEx CRC, unlicensed IP will be transferred to the research
organisation responsible for the development.
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Performance Review

Recommendations and Actions reported as completed in the 2014-2015, 2015-2016 or 2016-2017 Annual Reports have been removed.
Recommendation

DET CRC Board Response

Ongoing DET CRC Actions
Status at 30 June 2018

Person
Due Date
Responsible Status 30/6/18

Recommendation 1: The
panel recommends that as
the opportunity arises,
DET CRC should seek to
appoint new directors with
broad financial and legal
experience related to the
commercialisation of
research whilst bearing in
mind the desirability of
attaining gender balance
on the Board.

The Board agrees with this recommendation and will ensure suitable
candidates with broad financial and legal experience related to the
commercialisation of research and female candidates with relevant
experience are nominated for election at forthcoming AGMs as directors
resign/retire. It is noted that the company’s members, and others entitled
to vote under DET CRC’s Ltd.’s constitution, not the Board, elect directors.
The Board also notes that it may be suitable to seek advice on the
commercialisation of research from consultants in addition to seeking such
expertise on the Board.

Ongoing nominations seek/maintain a director with broad financial and legal
experience related to the commercialisation of research and two female
directors.
Dr Katherine Woodthorpe and Dr Erica Smyth who have broad financial and
legal experience related to research commercialisation and the business of
mining/mineral exploration were elected to the DET CRC Board in Nov 2013
and remained on the Board until it started to reduce in size and skills
commensurate with DET CRC’s Wind-Up phase. Erica Smyth and Tony
Macpherson resigned at the November 2017 AGM and Katherine Woodthorpe
resigned in February 2018.

Tom Whiting, Nov 2015
Chair
et seq. AGMs
Complete

Recommendation 8: The
panel recommends that
DET CRC
Commercialisation and
Risk Committees should
review its policy to
determine how additional
research on a product
adopted by a
Participant/Affiliate can be
funded.

The Board agrees with this recommendation.

At 1 July 2018 the Board had been reduced to five members: Tom Whiting
(Chair), Bruce Brook, Lindsay Gilligan, Phil Harman and CEO ex officio Ian
Hardwick. Ian Hardwick replaced Richard Hillis as CEO on 1 July 2018 with the
latter’s planned departure 30 June 2018. DET CRC Ltd. (the company
managing DET CRC of whom the above are directors) will be voluntarily
deregistered in accordance with the Corporations Act following the submission
of a ‘Form 6010’ with ASIC by 30 September 2018.

DET CRC is conscious of the need to ensure that DET CRC funds are
applied to research as opposed to commercial expenditure (product
development/refinement).

Establish regular meetings with DET CRC Supplier Participants to review the
Ian Hardwick, Ongoing from
DET CRC Commercialisation Pipeline in order to better establish the boundaries CFO
Sep 2013
between research and commercial expenditure.
Complete
Regular meetings held, e.g. Commercialisation Opportunity Workshop 6 Feb
2018 and final Science Steering Committee Meeting 7 June 2018.

It should be noted that the Science Steering Committee (SSC) provides a
built in mechanism to safeguard against funding commercial expenditure
given its composition of mostly researchers and end users as opposed to
supplier representatives (currently 3 of 16 voting members are suppliers
with commercialisation rights).

Ensure commercialisation agreements contain statements indicating where
Ian Hardwick, Ongoing from
responsibility for the costs of research for further development or refinement lie. CFO
Sep 2013
As reported in previous Annual Reports Commercialisation Licence Agreements
Complete
make clear that responsibility for further development of the IP licensed is the
responsibility of the commercialiser.

The Board believes that it will be important for Commercialisation
Agreements entered into by DET CRC to include clear statements as to
DET CRC September 2018
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Ongoing DET CRC Actions
Status at 30 June 2018

Person
Due Date
Responsible Status 30/6/18

Program and project leaders to provide decisions on publication within 30 days
provided any confidential data have been cleared for publication by the data
provider.
Undertaken as required.

Program and Ongoing from
Project
Sep 2013
Leaders
Complete

Program and project leaders to remind researchers of need to have any
confidential data cleared prior to submitting publication for approval by DET
CRC.
Undertaken periodically.

Program and Ongoing from
Project
Nov 2013
Leaders
Complete

The issue of publications approvals to be a standing item on DET CRC’s
Executive Management Committee agenda in order that the approvals process
and any problems related to specific publications are addressed.
This is a standing item at Executive Management Committee meetings.

Richard Hillis Ongoing from
CEO
Sep 2013
Complete

Ongoing discussion between management, Participants and the Board
regarding alternatives for DET CRC after the current program funding ends in
2018 for each revision of the Transition Plan.
There has never been any intention to continue DET CRC post-2018 as an
entity outside of the CRC Programme. DET CRC’s vision has always been to
deliver the new technologies planned and to do so in the timeframe and budget
planned. It has achieved this.

Richard Hillis, 30 June 2014
CEO
and ongoing
Complete

where responsibility for the costs of research for further product
development or refinement lie.
Recommendation 12:
The panel recommends
that papers requiring
clearance for publication
should be handled
promptly and
transparently.

Recommendation 14:
The panel recommends
that the DET CRC Board
should continue to
consider the alternatives
for the CRC after the
current program funding
ends in 2018.

The Board agrees with this recommendation.
The mutual obligations required for clearing publications are outlined in
DET CRC’s guidelines and approval form for publications. These stem
from DET CRC’s Participants Agreement. Essentially researchers must
provide publications 30 days prior to submission; observe any data
confidentiality (or obtain clearances from providers of confidential data),
and; consider whether the value of any IP is being compromised. DET
CRC must provide a decision on publication within 30 days. DET CRC
delegates approval to publish to project leaders or program leaders
depending on the nature of the publication. DET CRC checks publications
with respect to confidentiality and IP issues. The key hold up in approval
of (or indeed on rare occasions refusal of approval to publish) occurs when
researchers have not obtained the necessary permission from providers of
confidential data and such needs to be sought after receiving a publication
for approval.
The Board will continue to consider alternatives for DET CRC after the
current program funding ends in 2018. The annual revision of the
Transition Plan requires such. DET CRC’s current Transition Plan
summarises the broad parameters by which continuance post-2018 vs.
wind down will be assessed and still intends that those parameters will
drive the decision. It also and notes the panel’s comments that a new
research agenda/new suite of programs, and not merely continuance of
existing projects, would be required to gain ongoing CRC funding.
The Board believes DET CRC’s model of minimising the hurdles to
commercialisation (financial and otherwise) and maximising the deal flow
is critical to maintaining the confidence of sponsors and may, in the longrun, yield better financial returns than seeking to maximise the financial
return on each commercialised product or service.

Nonetheless, at the request of its Science Steering Committee, DET CRC
facilitated a Stage 1 Bid for a new mineral exploration-related CRC, MinEx CRC,
in the 2017 Round. This bid was announced as successful in March 2018.
There has been extensive planning around ensuring the success of DET CRC’s
technology and its legacy as, for example, detailed in the Wind-Up Plan.
Undertake modelling of possible royalty structure and possible financial returns
to DET CRC from the commercialisation of products or services from IP
developed by DET CRC using DET CRC’s model of commercialisation.
Completed and updated in May 2018 and included in papers to the Board.

DET CRC September 2018
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CFO
and ongoing
Complete
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Recommendation

DET CRC Board Response

Ongoing DET CRC Actions
Status at 30 June 2018

Person
Due Date
Responsible Status 30/6/18

Recommendation 15:
The panel recommends
that the DET CRC risk
management should
include contingency
planning to cover
circumstances where one
or more of their
Participants can no longer
meet their commitments,
particularly in respect to
how commercialisation of
IP would be handled.

The Board agrees with this recommendation. DET CRC has a risk record,
with appropriate actions, concerning Participant withdrawal. DET CRC has
also commenced developing a Crisis Management Plan that contemplates
the withdrawal of Participants as a potential crisis event and plans
consequent actions.

Ensure Commercialisation Agreements cover Participants not being able to
meet commitments in respect of commercialisation of IP, e.g. commercialisation
rights lapse if milestones not met by timelines.
Commercialisation Agreements include performance milestones which if not met
may lead to licencing rights being withdrawn from the commercialiser.

Ian Hardwick,
Business
Manager/
Commercialis
ation
Committee

DET CRC September 2018

DET CRC has recruited two new Participants since inception (Anglo
American & Imdex) and is finalising the recruitment of an additional Other
Participant (Olympus), providing comfort that overall Participant funding
contributions would be met even in the event of one or two participants
withdrawing. DET CRC continues to seek new Participants.
The Board notes the Review Panel’s emphasis on Participants not being
able to meet commitments in respect of commercialisation of IP and such
will be addressed within Commercialisation Agreements. It also notes that
the grant of use of Background IP to a project is irrevocable for the term of
the project and is not affected by Participant withdrawal.
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Ongoing with
any
Commercialisat
ion Agreement
Complete
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Other Activities

5.3.1 MinEx CRC Bid
The 28 October 2016 meeting of the Science Steering Committee gave unanimous support to DET CRC
facilitating a bid for a new CRC named ‘MinEx CRC’. DET CRC facilitated the MinEx CRC Bid through to a
successful Stage 1 Proposal submitted in July 2017. Resources separate from Commonwealth funding and
contributions specified in the Commonwealth Agreement were available to resource the MinEx CRC Bid.
Immediately after submission of the Stage 1 Proposal, the MinEx CRC Bid was handed over to an independent
bid team comprising:
• Bid Coordinator, Andrew Bailey (28 years’ experience with BHP including liaising between BHP and DET
CRC);
• Chair Designate, Chris Pigram (formerly CEO of Geoscience Australia);
• science team (key researchers), and;
• Steering Group of intending Participants.
DET CRC has acted in a minor, advisory role to the MinEx CRC Bid subsequent to the above handover.
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Wind-up Plan

6.1.1 Ceasing Operations
Consistent with the Wind-Up Plan submitted to the CRC Program in May 2017, DET CRC effectively ceased its
operations on 30 June 2018 at the conclusion of the Commonwealth Funding Agreement. A series of tasks
associated with the Wind-Up have been carried out by Ian Hardwick (former CFO, now CEO) in the period since
30 June 2018 including preparation of financial statements, assignment of licence agreements and IP and
Commonwealth reporting.
Deep Exploration Technologies CRC Limited (‘the Company’) will apply for voluntary deregistration with ASIC on
or about 28 September 2018 pursuant to section 601AA of the Corporations Act (Cth).
The Participants Agreement will terminate upon lodgement of the Companies voluntary deregistration application
or by 30 September 2018 whichever comes first. Termination of the Participants Agreement will bring to a close
the Cooperative Research Centre for Deep Exploration Technologies (‘The Centre’)
DET CRC’s technical legacy will be delivered via IP licensed to and commercialised by the METS sector (Mining
Equipment, Technology and Services) to provide improved services to the mineral exploration industry. Access
to DET CRC project information will be available via an enduring website and reports and publications will be
available via the National Library. DET CRC will also leave a strong postgraduate research and VET training
legacy and network of research collaboration. DET CRC’s licensed IP interests has been transferred to MinEx
CRC, unlicensed IP has been transferred to the research organisations responsible for its creation and most able
to continue the development.
6.1.2 Governance and Management
Careful consideration was given to what resources were necessary to successfully complete DET CRC’s
activities, including obligations under the Commonwealth Funding Agreement and effectively Wind-Up. Budget
was allocated for head office/central functions through until 30 September 2018 including directly employed staff
(and an independent Board) along with professional services firms who have assisted with some of the Wind-Up
tasks.
The CFO and CEO have been primarily responsible for DET CRC’s Wind-Up. The CEO was contracted through
until 30 June 2018 whilst the CFO through until 30 September 2018. Provision has, and continues to be made
for all employee entitlements including annual leave, superannuation, long service leave and retention bonuses
(where applicable). DET CRC has provided its staff with the opportunity to undertake outplacement services to
assist in the transition to their next employment.
DET CRC has provided funding for researchers employed by a number of its Participants pursuant to project
agreements. All of these staff members are located, and perform their research activities, at the premises of
their employers. There is no obligation on the CRC to provide for any entitlements or termination payment to
these staff members.
In terms of storage and achival of documentation the following actions have been undertaken:
• A copy of the contents of DET CRC’s public website has been provided to the CRC Program.
• DET CRC’s public website will continue to be accessible for 10 years post Wind-Up (i.e. 30 June 2028).
• Reports and Publications have been provided to DET CRC Participants and to MinEx CRC.
• Reports and Publications have been uploaded to the National Library and will be publicly available from 1 July
2019 after a 1-year embargo period.
• DET CRC has produced a significant number of videos uploaded to YouTube (~80), these will remain publicly
available indefinitely.
• Documentation related to the commercialisation of IP has been provided to MinEx CRC.
• Governance documents that may be useful as templates have been provided directly to MinEx CRC.
• Key physical files and a harddrive of electronic files has been deposited with a storage company with
instructions to destroy after 7 years (i.e. 30 June 2025).
DET CRC September 2018
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6.1.3 Contact Details
The CFO and CEO were primarily responsible for DET CRC’s Wind-Up. The CEO was employed until 30 June
2018 whilst the CFO until 30 September 2018.
Key Wind-Up contacts:
Ian Hardwick
Former CFO, DET CRC
0410 487 570
ian.n.hardwick@gmail.com
6.1.4

Richard Hillis
former CEO, DET CRC
0418 110 737
richard.hillis@adelaide.edu.au

Activities Status

Research Activity Status
All Commonwealth Milestones had been completed by 30 June 2018.
Outputs yet to be completed / milestones yet to be achieved
n/a all achieved

Planned Status at end of
grant period
n/a

If transferred,
organisation responsible
n/a

Notwithstanding that all Commonwealth Milestones had been achieved a number of DET CRC’s activities will be
continued in the following ways;
• IP that has been licensed for commercialisation will be further developed by the licensees for future uptake by
industry, see section 6.1.7;
• IP that wasn’t licensed for commercialisation has been assigned to research participants who will be
responsible for further development, in some cases within MinEx CRC, see section section 6.1.7, and;
• IP related to the RoXplorer® CT Drilling System will be used as the basis for further development by MinEx
CRC (seperate to its commercialisation).
Education Activity Status
DET CRC achieved its ambitious target to achieve 40 postgraduate student completions by 30 June 2018. As at
the time of writing there had been 41 completions with a further 9 were anticipated in the ~year after Wind-Up
representing an overall 85% completion rate from the 59 postgraduate enrolments.
All postgraduate students who are yet to complete have already received DET CRC’s full financial support which
is limited to $75K per project ($25K p.a. for 3 years) and is paid to the enrolling University annually in advance
and only adjusted in the event that a student withdraws from their candidature. Due to this simple funding
approach, DET CRC will not have any ongoing financial obligations to enrolled students who are yet to complete.
The students will continue to be supported by their host Universities and more directly by the supervisors and
co-supervisors.
Summary of postgraduate students yet to complete as at September 2018:
Student name
Byron Dietman
Felix Menu
Keryn Wolff
Evans Onojasun Okan
Stuart Addinell
Yuan Xu
Pouya Ahmadi
Massoud Bayati
Zubair Ahmed
Mohamed Hesham Elshall
Khairi Harith
Prabhu Elango
Eline Baudet
Suchay Yalamanchi
DET CRC September 2018

Degree type
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
MSc
MSc
PhD
MSc

Expected completion
Completion uncertain
Late 2018/early 2019
Late 2018
Mid 2019
Completion uncertain
Late 2018
End 2019
Late 2018/early 2019
Late 2018/early 2019
Completion uncertain
Completion uncertain
Late 2018
Early 2019
Late 2018
Annual Report 2017-2018

Enrolling/Participant organisation
University of Adelaude
Curtin University
University of Adelaude
Curtin University
Curtin University
University of Western Australia
Curtin University
Curtin University
Curtin University
Curtin University
Curtin University
Curtin University
University of South Australia
Curtin University
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6.1.5 Financial Management and Budget Provisions
Addressing the requirements outlined in the Annual Report Guidelines, DET CRC confirms that:
• all outstanding payments/debts will be met prior to submission of application for voluntary deregistration on or
about 27 September 2018; and
• adequate provision has been made for salaries, employee entitlement and administrative overheads for staff
retained to undertake cessation of operation activities and that these amounts will all be fully paid prior to
deregistration; and
• legal costs have been provided for, mostly already incurred at time of writing;
• there are no outstanding taxes due; and
• there are no unpaid scholarship moneys.
Acquittal of Commonwealth funds
Commonwealth funds have been fully acquitted through the submission of quarterly cash reports, annual Opinion
from independent auditor and the independent auditors Opinion on on a statement of income and expenditure for
the life of the DET CRC (2010-2018) as referred to in section 6.3.
Expected allocation of any remaining CRC funds
Remaining CRC funds (projected to be $112K) will be transferred to MinEx CRC as agreed with the CRC
Program.
Completion of an independent audit of the CRC’s financial statements for its final year of operation in
line with the Annual Report guidelines
Completed by EY on 31 August 2018. Financial Statements and audit reports submitted to CRC Program with
Annual Report.
6.1.6

Final Year Prospetive Budget
Cash Statement for 2017-2018 Financial Year (12 months) $’000

Opening Cash Balance 1 July 2017

2,673

CRC Programme Grant

1,734

Other Income

1,400

Employee Expenses

(2,312)

Supplier Expenses

(2,185)

Other Expenses

(291)

Capital Items

-

Net Balance

1,019

Transfers to Participants or other organisations

-

Cash Balance as at 30 June 2018

1,019

Cash Projections for 2018-2019 Financial Year (final 3 months) $’000
Opening Cash Balance 1 July 2018

1,019

CRC Programme Grant

-

Other Income

7

Employee Expenses

(652)

Supplier Expenses

(262)

Other Expenses
DET CRC September 2018
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-

Net Balance

112

Transfers to Participants or other organisations

(112)

Projected Cash Balance as at 30 September 2018

Nil

Transfers to Participants or other organisations
Organisation Receiving Funds
Purpose
MinEx CRC
To pursue objects similar to DET CRC

Transfer Amount
$112K

Unspent CRC Funding
Any surplus cash remaining is a result of additional participant contributions, Grants and interest received over
and above the original Commonwealth Funding Agreement and, as such, is not considered to be unspent CRC
Programme funding.
DET CRC’s Participants have more than met their cash contribution obligations under the Commonwealth
Funding Agreement, total non-CRC Programme funding was $33.9M as compared to the original budget of
$20.6M, a positive variance of $13.3M.
6.1.7 Management of IP
Background
DET CRC has had a clear business model since inception. Mining companies contract out most of the
technologies for mineral exploration to service providers in the METS sector (e.g. geophysical surveying
contractors and drilling contractors). The mining company sponsors of DET CRC wish our IP to be rapidly
commercialised via licensing agreements with the existing METS sector. Thus, it was not the intention of DET
CRC, or our research Participants, to ‘hold onto’, or commercialise our IP, e.g. via spin-off companies.
The ownership of DET CRC’s IP is prescribed in the Participants Agreement. IP resulting from DET CRC
projects is legally owned by the CRC and beneficially owned by the CRC and those undertaking the research
projects.
DET CRC used an appropriate mixture of methods of IP protection. Patents and trademarks were taken out
where appropriate but only where there was a strong case for such given the cost, particularly the high cost of
triadic patents in the global mineral exploration business, and the potential for patent infringement/challenge.
Where possible, DET CRC relied on trade secrets and background intellectual capital to protect IP. Once
licensed, the responsibility for protecting IP transfers to the licensor (albeit that prosecution of IP claims may
proceed in DET CRC’s name).
Approach to Wind Up
DET CRC’s IP can be broadly categorised as either Licensed or Unlicensed IP. DET CRC has assigned the
Licensed IP to MinEx CRC in order that it may be managed beyond our Wind-Up. Whereas Unlicensed IP has
been assigned to the research organisations most responsible for its development in order that they might
continue to develop and maximise the chances of eventual IP utilisation.
Approach to Licensed IP
DET CRC’s legal interests in IP (including the responsibility for managing IP and for collecting and distributing
royalties in accordance with agreed project shares) and beneficial interests (royalty entitlement) have been
assigned to MinEx CRC via a ‘Deed of Assignment and Assumption’.
MinEx CRC must recognise not only the potential income from such, but also the responsibilities, notably
monitoring licensing agreements in order that technologies are not ‘warehoused’ by commercialisers and if
necessary reclaiming and re-offering IP that is not being commercialised in line with licensing agreements.
DET CRC September 2018
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DET CRC has entered into 11 commercialisation licence agreements relating to its Intellectual Property (IP)
along with 17 associated royalty and background IP agreement, all of which have been assigned to MinEx CRC.
Although it is hard to predict the quantum of the royalty stream that these licences will generate, data contained
within existing agreements and other modelling suggests that the total royalty stream could be in the order of
$3M per annum by ~6 years post DET CRC’s Wind-Up (licence agreements are typically 20 years). DET CRC’s
share of these royalties (being transferred to MinEx CRC) is expected to be, on average, approximately 1/3rd,
the balance is payable to the various project parties who developed the IP according to agreed project shares.
Approach to Unlicensed IP
DET CRC has assigned unlicensed IP to the research organisations most responsible for its creation in order
that they might continue to develop and maximise the chances of eventual IP utilisation. All DET CRC technical
reports and publications will be publicly available via the National Library from 1 July 2019, the aim is to ensure
that future research does not repeat DET CRC’s work and that the learnings from DET CRC are built upon by
related future research endeavours.
A summary of both categories of IP follows on next page:
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Licensed IP
Item of IP

Description of IP

AutoSonde (total count
gamma)

A sonde that the driller can deliver through the drill rods at the end of a drilling
run and that can acquire depth-encoded total counts gamma while the drill rods
are being pulled out of the hole (in association with conventional drilling and
replacing wireline logging).
As above with additional sensors that can provide a more complete set of logs.
Sensors for magnetic susceptibility and resistivity.
Algorithm that uses whole rock geochemical data to rank prospectivity on a
spectrum based on the proportion of 12 “key” elements that exceed average
crustal abundance by more than a factor of 10.
A baffle design that suppresses unwanted vibrations within the borehole to
increase the effectiveness and reduce the cost of VSP as a tool for imaging
around the bore hole.
Software that enhances the seismic signal from diffractors.

AutoSonde, Additional
Sensors
IOCG Prospectivity Index
Hydrophone Baffle
3D Seismic Diffraction
Imaging Software
3D Seismic Migration
Software
Lab-at-Rig®
Drill hole Wavelet Analysis &
visualisation
Wireless Sub

Drilling Optimisation Software
Pre-Stack Diffraction
Software
Automated XRD Processing
Software

DET CRC September 2018

Ownership
arrangements
after DET CRC
Assigned to
MinEx CRC

Rationale

As above

IP has been licensed to Boart Longyear to further develop
and commercialise, licence requires ongoing management
IP has been licensed to Imdex to further develop and
commercialise, licence requires ongoing management

As above
As above

IP has been licensed to HiSeis to further develop and
commercialise, licence requires ongoing management

As above

IP has been licensed to HiSeis to further develop and
commercialise, licence requires ongoing management
IP has been licensed to HiSeis to further develop and
commercialise, licence requires ongoing management
IP has been licensed to Imdex to further develop and
commercialise, licence requires ongoing management

Software that enhances the seismic signal from diffractors.

As above

Hardware, software and workflows for geochemical and mineralogical
characterisation of drill cuttings at the drill site, integrated with diamond drill rig
and solids removal unit to provide real-time geochemistry and mineralogy.
Method and software to resolve complex down hole data into patterns than can
be interpreted in the context of the geological system.
An instrumented connector (‘sub’) that couples the drill rig to the drill string in
conventional diamond drilling. It provides measurements of drilling parameters
independent of, and more accurately than, the existing gauges on the drill rig in
order to monitor and optimise drilling.
Software that utilises data from the Wirless Sub and other drill rig sensors to
provide real-time measurements of drilling parameters that can assist in
optimising drilling plus reporting.
Software that enhances the seismic signal from diffractors.

As above

Software that allows fully automated processing of XRD data, it returns to the
user an identified mineral assemblage and mineral % in a matter of seconds.
Software also allows batch processing, so a few hundreds of patterns can be
processed in a few minutes.

As above
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IP has been licensed to Boart Longyear to further develop
and commercialise, licence requires ongoing management

As above
As above

IP has been licensed to Imdex to further develop and
commercialise, licence requires ongoing management
IP has been licensed to Imdex to further develop and
commercialise, licence requires ongoing management

As above

IP has been licensed to Imdex to further develop and
commercialise, licence requires ongoing management

As above

IP has been licensed to HiSeis to further develop and
commercialise, licence requires ongoing management
IP has been licensed to Olympus to further develop and
commercialise, licence requires ongoing management

- 59 -

DET CRC September 2018

AutoShuttle Logging While
Drilling Tool

RoXplorer CT Drilling System
(rig, BHA, fluid systems,
CTrol, splitter)

Annual Report 2017-2018

Sensor package with data acquisition system attached to the inner core tube in
conventional diamond drilling. Can replace conventional wireline logging with
ability to log hole as it is being drilled without any significant loss of productivity.
Spectral and total counts gamma are the current sensors on the AutoShuttle
platform.
A greenfields coiled tubing drill rig capable of drilling to 500 m depth and
weighing ~15 tonnes. Incorporates the rig sub-structure (mechanical design,
electronics and hydraulics) along with aspects of the bottom hole system, fluid
cleaning technology, the preventative and remedial drilling fluids CTrol and
CTrolX as well as the sample collection system.
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As above

IP has been licensed to Boart Longyear to further develop
and commercialise, licence requires ongoing management

As above

IP has been licensed to Imdex to further develop and
commercialise, licence requires ongoing management

Unlicensed IP
Item of IP

Description of IP

Smart Winch

Winch Controller Board for an automated precision speed-controlled winch.

Remote Rig Monitoring

Sensor system to capture data transmitted from the drill and software to display.

Borehole Magnetic
Gradiometer
Slimline (70mm or 50mm)
PGNAA Tool
Puralite and Carbon
Sachets
Fluid Management System

Wire-line tool capable of recovering the gradients of magnetic fields along the trace of a drill hole.

Sharp v Gradational
Boundaries Software
GeoLIBS® LIBS Processing
Software
Coupled XRF/XRD Software
pXRF spectra deconvolution
software
DET CRC September 2018

A prompt gamma neutron activation analysis tool adapted to provide results in minerals drill holes
(70mm or 50mm).
Sachets used to concentrate low level trace elements and metals in groundwaters (e.g. Au).
An Ion Selective Electrode system for recording fluid chemistry, temperature, pH and conductivity
in 'real time'. The system is a combination of filtration, sensors, cleaning and calibration, data
capture, presentation and processing and algorithms.
The technology provides a method which allows the user to distinguish whether boundaries
detected using an automated edge detection technique represent sharp or gradational change.
This software improves the automated estimation of mineralogy by integrating chemistry
information provided by XRF with crystal structure information provided by XRD.
This adaption of pre-existing XRF software incorporates geometry and environmental parameter
modelling required to provide good chemistry elemental predictions with a pXRF instrument.
Software that allows semi-automated processing of LIBS data, i.e. it has in-built universal
calibration curves, that needs little user interaction. GeoLIBS® returns to the user identified
Annual Report 2017-2018
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Ownership
arrangements
after DET CRC
Assigned to
CSIRO
Assigned to
CSIRO
Assigned to
CSIRO
Assigned to
CSIRO
Assigned to
CSIRO
Assigned to
CSIRO

Rationale

Assigned to
CSIRO
Assigned to
CSIRO
Assigned to
CSIRO
Assigned to
CSIRO

Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress

Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
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Composite Coiled Tubing

chemical elements in a sample and elemental concentrations. Additional features include
elemental mapping or elemental line identification among others.
Designs and calculations related to the development of lightweight composite coiled tubing.

Composite Drill Rods

Designs and calculations related to the development of lightweight composite drill rods.

Rock Mass Index

Approach to combining petrophysical and geochemical data for rock mass classification.

Heavy Metal Index

Approach to measuring the average atomic number (Z) within the rocks around the borehole.

GeoSub

Logging while drilling tool for collecting gamma counts and tilt information during drilling.

Various Project 2.4 Outputs

•
•
•
•
•
•
•

Various Project 3.1 Outputs

Optic Fibres
High Speed Downhole
Coring System
Real Time Drill Site
Software

DET CRC September 2018

Cooperative inversion algorithms and workflows
1D inversion software
Rock quality designation (RQD) index for assessing mechanical properties of the rock mass
fuzzy cluster stat methods with gamma, resistivity, density and lithology information as input
Volumetric interpretation workflow for mineral exploration
Rock physics modelling workflows for mineral exploration
Research outcomes related to optic fibre distributed acoustic sensors (DAS) for vertical
seismic profile (VSP) acquisition.
• Seismic exploration for mineral deposits case study table
All IP related to research into use of optic fibres for sensing low level gold in drilling fluids.
Designs and an innovation patent for a bottom hole assembly.
Software for which reads processed, depth and time-stamped data from the control

software for the Wireless Sub and aggregates that data (currently at 10 m intervals)
ready for transfer off site. Also a dashboard which allows web-based access to, and
visualization of, AutoSonde data and real-time drilling parameters from the Wireless Sub
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Assigned to
Curtin University
Assigned to
Curtin University
Assigned to
Curtin University
Assigned to
Curtin University
Assigned to
Curtin University
Assigned to
Curtin University

Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress
Research organisation responsible for
development and best placed to progress

Assigned to
Curtin University

Research organisation responsible for
development and best placed to progress

Assigned to Uni
Adelaide

Research organisation responsible for
development and best placed to progress

Assigned to
MinEx CRC
Provided
licence-free to
Boart Longyear,
Imdex and
Geological
Survey of SA

Research organisation responsible for
development and best placed to progress
Provided to organisations most
capable/likely to develop and utilise.
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6.1.8 Assets
All items of the asset register (consisting of office equipment and project management system) were fully written
down and scrapped by 30 June 2018. The prototype RoXplorer® Coiled Tubing Rig has been assigned to MinEx
CRC but is currently licensed to, and being utilised by, the commercialiser.
6.1.9 Taxation
DET CRC has an Australian Taxation Office private ruling confirming income tax exempt status through until end
of financial year 2019. Such rulings have been in place throughout the life of DET CRC. The only tax payable
will relate to final PAYGW which will be made in the final weeks prior to deregistration.
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6.2

Exit Report

6.2.1

Snapshot Summary
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Major Achievements
Top Ten Achievements
1.

Design, fabrication and field deployment of the RoXplorer® coiled tubing drilling system for mineral
exploration. The RoXplorer® coiled tubing drilling system provides cheaper, faster, safer and more
environmentally friendly drilling, estimated to be 1/6th cost of conventional diamond drilling and 1/3rd cost
of conventional reverse circulation drilling. The RoXplorer® coiled tubing drilling system was the recipient of
a CRC Association ‘Excellence in Innovation’ Award in May 2018.
2. Design, fabrication and field deployment of the Wireless Sub for monitoring and optimising conventional
diamond drilling. The Wireless Sub is estimated to provide a ~10% increase in the productivity of
conventional diamond drilling.
3. Design, fabrication and field deployment of the AutoSonde and AutoShuttle for real-time, downhole
determination of the physical properties of rocks drilled.
4. Design, fabrication and field deployment of the Lab-at-Rig® for real-time, top-of-hole determination of the
geochemistry and mineralogy of rocks drilled.
5. Licencing of the RoXplorer® coiled tubing drilling system, Wireless Sub, AutoSonde, AutoShuttle and Labat-Rig® to industry partners Boart Longyear and Imdex. As of 30 June 2018, Barrick Gold has the prototype
RoXplorer® coiled tubing drilling system on an extended deployment in Nevada, USA.
6. The RoXplorer® coiled tubing drill rig combined with DET CRC’s other new technologies will open the
Gawler Craton, Murray Basin, and indeed the ~70% of Australia where mineral deposits are hidden by
barren cover rocks, to ‘prospecting drilling’ which will enable progressive vectoring towards concealed
mineral deposits using multiple, cheap holes in a single drilling campaign.
7. Increased end-user financial cash support from $20.6M (original Commonwealth Agreement Budget) to
$34.0M during the lifetime of DET CRC and increased in-kind support from $61.5M to $93.1M, despite the
mining downturn of 2011-2016 and the associated collapse in mineral exploration activity.
8. Engagement of 63 Participants, Other Participants and Affiliates with a very strong industry focus as
witnessed by the following.
➢ Head Office embedded in industry.
➢ ~30% of research funds flowing to industry.
➢ Engagement with 110 industry-based researchers (~27 cash-funded industry FTE person years and ~78
in-kind FTE person years), comprising approximately one third of DET CRC’s total research FTE.
➢ Strong engagement of industry in the Science Steering Committee and on project reviews.
➢ Approximately half of the attendees at each annual conference being from industry.
9. A successful communications programme with, for example, ~42,000 views of 82 videos on DET CRC’s
YouTube Channel.
10. Completion of 41 postgraduate research students, anticipate further 9 completions after wind-up, and
training of 407 driller trainees.
Research
Top Ten Research Achievements
1.

Design, fabrication and deployment of the RoXplorer® coiled tubing drill rig for mineral exploration.
➢ The RoXplorer® is a revolutionary drill rig for mineral exploration that utilises a continuous, malleable
steel coil, removing the need to add individual drill rods as a drill hole deepens, thereby making drilling
faster, cheaper and safer.
➢ Small lightweight rig, small drill pad, fluid recycling (no sumps), and lower consumables (e.g. fuel) all
render coiled tubing more environmentally friendly than conventional drilling methods.
➢ RoXplorer®’s drill bit is driven by a motor within the drill string near the base of the hole as opposed to
conventional rotation of the entire drill string by the drill rig at the surface.
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2.

Numerical modelling, laboratory analysis and fieldwork to overcome the key challenges to deploying coiled
tubing drilling in mineral exploration.
➢ Increasing from approximately 30 to 1,000 the number of trips in and out of the borehole that coiled
tubing can undertake prior to fatiguing, by utilising new materials, positioning the reel directly above the
drill hole and numerous other design features.
➢ Drilling hard rocks with low weight-on-bit using percussion and high speed rotary (full-face diamond)
drilling methods driven by downhole motors and turbines.
➢ Developing fluid systems that can sufficiently clean dirty water and cuttings-loaded recirculated drilling
fluids to drive the downhole motors.
➢ Developing the CTrol® and CTrolX drilling fluids which control fluid loss from the borehole into the
formation being drilled.

3.

Successful field trials of the RoXplorer® coiled tubing drill rig at our Brukunga Drilling Research & Training
Facility (South Australia), Port Augusta (South Australia) and Horsham (Victoria).
➢ The Port Augusta trial demonstrated that the RoXplorer® system can successfully drill the consolidated
Adelaidean cover of the Gawler Craton that overlies the Olympic Dam iron-oxide-copper-gold province.
➢ The Horsham trial demonstrated that the system can successfully drill unconsolidated Murray Basin
cover and underlying prospective basement.
➢ Both trials achieved rates of close to 100 metres per 12 hour shift. This has provided strong
encouragement that the aim of $50/metre coiled tubing drilling can be achieved.
➢ Recovering a geologically representative sample from RoXplorer® coiled tubing-drilled holes. Assays of
the cuttings from the Port Augusta trial show a remarkable match to assays of diamond drill core from
an adjacent hole, including across a one metre zone of low grade copper mineralisation at 400 metres
depth.
➢ Operating in temperatures from <0ºC (Horsham) to ~40ºC (Port Augusta).
➢ Overcoming potential hole deviation problems and drilling straight and vertical holes in the trials.

4.

Design, fabrication and deployment of the Wireless Sub and associated software. The Wireless Sub is an
instrumented connector (‘sub’) that couples the drill rig to the drill string in conventional diamond drilling. It
provides measurements of drilling parameters independent of, and more accurately than, the existing
gauges on the drill rig in order to monitor and optimise drilling. Field trials at our Brukunga Drilling
Research & Training Facility (South Australia), Oberon (NSW) and on the Eyre Peninsula (South Australia)
have demonstrated that the Wireless Sub alone can result in an approximately 10% increase in diamond
drilling productivity.

5.

Design, fabrication and deployment of the AutoSonde for acquisition of total count natural gamma,
magnetic susceptibility, resistivity and IP (induced polarisation) data from conventional diamond drilled
boreholes. The AutoSonde passes through the inside of the drill rods and protrudes beyond the drill bit.
Physical property data is acquired as the driller recovers the drill rods. Extensive field testing has shown
results consistent with conventional wireline data but at higher resolution.

6.

Design, fabrication and deployment of the AutoShuttle for acquisition of spectral natural gamma data from
conventional diamond drilled boreholes. The AutoShuttle sits within the core barrel assembly and
continuously acquires data during drilling. Both the AutoSonde and AutoShuttle can be deployed by the
driller, removing the need to and expense of mobilising a separate wireline logging crew and risk of losing
the hole prior to logging. Both operate autonomously meaning there are no wires connecting the tool to the
surface. All data captured are transmitted wirelessly to a handheld device on return to the surface. These
technologies will both improve the productivity of conventional diamond drilling and were a stepping stone
to developing similar downhole sensing technologies for coiled tubing drilling.

7.

Design, fabrication and deployment of the Lab-at-Rig® for real-time determination of geochemistry and
mineralogy from diamond drill cuttings at the drill site. Extensive field testing has demonstrated decimetre
(~10 cm) fidelity to core and resolution of horizons. Lab-at-Rig® utilises XRF (X-Ray Fluorescence) to
determine geochemistry and XRD (X-Ray Diffraction) to determine mineralogy. A prototype Lab-at-Rig®
has also been demonstrated for the coarser and wetter coiled tubing drilling samples
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8.

Extensive successful field trials of the Wireless Sub, AutoSonde and Lab-at-Rig® technologies in field
drilling programs with Geoscience Australia/Geological Survey of Victoria (Stavely, 2014), Anglo-American
(Oberon, 2014) and with the Geological Survey of South Australia (Eyre Peninsula, 2015-2016). The trials
advanced the technology readiness level of these technologies by one level, generally from ‘Prototype
System’ to ‘Demonstration System’. The latter being a level higher than that to which the DET CRC
originally intended to develop its technologies.

9.

SwiftMin software developed for automated processing of XRD data. GeoLIBS® software developed for
improved processing of LIBS (laser-induced breakdown spectroscopy) spectra including reliable sub-ppm
gold detection. Progress on GeoPIXE for XRF spectral deconvolution and on software for coupled
XRF/XRD inversion. Software suite will facilitate the rapid analysis of samples by Lab-at-Rig® required to
keep pace with rapid coiled tubing drilling.
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10. Key developments in electromagnetic and seismic geophysical methods to complement improvements in
drilling and sampling.
➢ Joint inversion of co-located electromagnetic and seismic data improved the resolution of subsurface
geophysical modelling leading to more confident geological interpretation and drill hole targeting,
including in specific case studies such as the Kevitsa mine (Finland).
➢ Successful field acquisition of cost-effective seismic data in mineral exploration, notably at the Hillside
copper-gold deposit in South Australia, and imaging of steeply dipping structures, notably by pre-stack
diffraction imaging.
➢ Vertical seismic profile successfully acquired using optic fibre distributed acoustic sensors. Data
collected ~5 times faster than conventional methods and of higher quality.
➢ Database of seismic surveys in mineral exploration.
Milestones
DET CRC met all of the 55 Commonwealth Output Milestones and all of the 41 Commonwealth Utilisation
milestones due in its lifetime.
At an internal level, projects were monitored in greater detail by quarterly project milestones. Through the life of
DET CRC, 1725 quarterly project milestones were set. 93% of those 1725 quarterly milestones were met. With
respect to the 7% of quarterly milestones that were not attained, these were in many case not attained due to
changes in project direction, or the unavailability of data for anticipated case studies that were replaced by
alternative case studies.
Commercialisation and Utilisation
DET CRC has entered into 11 ongoing commercialisation licence agreements:
• IOCG Index
Licenced September 2014 to Imdex;
®
• Lab-at-Rig
Licenced September 2015 to Imdex;
• Hydrophone Baffle
Licenced November 2015 to HiSeis;
• Post-Stack Diffraction Software
Licenced November 2015 to HiSeis;
• Wavelet Tesselation Software
Licenced November 2015 to Imdex;
• Wireless Sub and Drilling Optimisation Software
Licenced October 2016 to Boart Longyear;
• Pre-Stack Diffraction Software
Licenced April 2017 to HiSeis;
• Automated XRD Processing Software
Licenced July 2018 to Olympus;
• Multi-Sensor AutoSonde
Licenced May 2018 to Boart Longyear;
• AutoShuttle
Licenced May 2018 to Boart Longyear, and;
®
• RoXplorer CT Drilling System*
Licenced July 2018 to Imdex.
* incorporates various technologies that may ultimately be commercialised seperately i.e. CT rig, sampling system, drill fluid
‘CTrol®’..
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DET CRC’s rights and obligations with respect to the above mentioned commercialisation licence agreements
and in the associated background IP and royalty agreements have been assigned to MinEx CRC consistent with
the approach outlined in the Wind-Up Plan.
Licencing Agreements relating to the AutoSonde, AutoShuttle, Lab-at-Rig®, Wireless Sub (and its associated
software) and the RoXplorer® coiled tubing drilling system are expected to have the greatest impact on the
mineral exploration industry and revenue generation. It is difficult to estimate future income from licenced
technologies. Nonetheless, it is reasonable to estimate based on licencing fees agreed and usage rates
predicted by licensors, that total licencing income may reach ~$3M per annum. DET CRC’s share of this
projected income (now passed to MinEx CRC) is approximately ~$1M per annum, the remainder going to parties
holding beneficial rights to the commercialised IP in each of the relevant projects (i.e. those who undertook the
projects).

Progress of DET CRC’s key technologies through Technology Readiness Levels (as at March 2018).

SME Engagement
The Affiliate Program was the key to DET CRC’s engagement with SMEs. There were three groups of Affiliates
(known as Colleges). Junior mining or exploration companies (defined as those with market capitalisation of less
than $1 billion, all of which are SMEs as defined by <200 employees) constituted one college. METS (Mining,
Equipment, Technology and Services) suppliers constituted the second college and geological surveys (who are
Commonwealth and State government agencies) constituted the third college. Each college was entitled to a
vote on the Science Steering Committee equal with that of each of the Essential Participants. Each Affiliate paid
a $10,000 p.a. membership fee.
There are a number of ways in which Affiliates engaged with DET CRC, including:
• accessing the network of mining companies, supplier companies, geological surveys and research
organisations participating in the CRC;
• understanding the R&D priorities of the major mining company and geological survey sponsors;
• utilising the Brukunga Drilling Research & Training Facility;
• utilising research outcomes, and;
• being an active Project Party and receiving funding for research.
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Of DET CRC’s 47 Affiliates over its lifetime, 33 were SMEs.
Affiliate Supplier SMEs
• Australian Drilling Industry Association (ADIA)
• Australian Training Alliance (ATA)
• CSA Global
• Century Engineering
• Corporaal Enterprises
• Diarotech
• Downhole Surveys
• Diamant
• Drillco Tools
• Epslog
• Flexidrill
• GeoMole
• Globaltech Downunder
• Hardcore Diamond Products
• HiSeis
• ioGlobal
• JKTech
• Leapfrog
• SAGE Automation
• Teakle Composites
• Training Prospects
• Wassara

Affiliate Junior Explorer SMEs
● ABM Resources
● Blackthorn Resources
● Carpentaria Exploration
● Heathgate
● Investigator Resources
● Kingston Resources
● Minotaur Exploration
● Nautilus Minerals
● Monax Exploration
● Paladin
● Rex Minerals

Affiliate Supplier SME, HiSeis licenced three technologies from DET CRC related to seismic exploration
techniques and is developing these technologies into commercial products and services.
Affiliate Supplier SME, Globaltech was a key research party in the Wireless Sub and AutoSonde/AutoShuttle
projects. Globaltech received in excess of $1M research funding from DET CRC. In the course of DET CRC,
Participant Supplier Boart Longyear developed a strategic relationship with Globaltech and took a significant
shareholding in the company.
Affiliate Supplier SME, Teakle Composites has expertise in composite materials which was utilised for the
development of composite fibre drill rods and coiled tubing. Teakle Composites received in excess of $1M
research funding from DET CRC and as a direct result was able to build its capacity by obtaining specialised
equipment such as a pultrusion winding machine and by taking on additional personnel. New steel coiled tubing
products were in the end selected for the RoXplorer® rig, but composites remain an exciting area for future
research.
Affiliate Junior Explorer SMEs, Minotaur Exploration and Kingston Resources partnered with DET CRC and the
Geological Survey of South Australia to undertake an extensive drilling program on the Eyre Peninsula (South
Australia) during 2015-2016. Minotaur Exploration and Kingston Resources contributed cash and in-kind
resources for drilling using DET CRC technologies to be undertaken on their tenements. They benefited from
access to new, real-time data whilst new technologies benefited from extensive field trialling and industry
feedback regarding their use in a real exploration context.
Affiliate Supplier SME, Wassara has developed specialised water-driven downhole drilling hammers and an
underground coiled tubing system to drill blast holes in Swedish iron ore mines. DET CRC utilised the Wassara
water hammer system in our greenfields, exploration-focused RoXplorer® coiled tubing drilling system. There
was also extensive collaboration between DET CRC and Wassara regarding water-driven downhole hammers
and the application of coiled tubing drilling to mineral exploration and mining.
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New Zealand-based Affiliate Supplier SME, FlexiDrill tested its high frequency drilling motors at the Brukunga
Drilling Research & Training Facility.
Affiliate SME Suppliers, the Australian Training Alliance (ATA) and Training Prospects offered a practical element
to their VET courses by utilising the Brukunga Drilling Research & Training Facility, including access to Boart
Longyear’s drilling rig and drilling crew. Over 400 trainees utilised the Brukunga Drilling Research & Training
Facility during the lifetime of DET CRC.

DET CRC’s 47 Affiliates over its lifetime.

Education and Training
DET CRC allocated $3.8M to Education and Training, principally via $75,000 to the host university per PhD
student and $50,000 per Masters by Research student enrolled with DET CRC support. A $3,000 bonus was
awarded to PhD students on completion and a $2,000 bonus to Masters by Research students.
DET CRC achieved its goal of completing 40 postgraduate research students.
• 59 postgraduate research student commencements (53 PhDs and 6 Masters by Research);
• 41 postgraduate research student completions (38 PhDs and 3 Masters by Research), and;
• 9 post graduate research completions anticipated to occur sometime after wind-up.
All postgraduate research projects sit within a DET CRC project.
• Program 1 Projects
29 commencements
19 completions
• Program 2 Projects
7 commencements
7 completions
• Program 3 Projects
23 commencements
15 completions
Commencements and completions by University and School/Department.
• 18 commencements 9 completions Petroleum Engineering
• 17 commencements 12 completions Exploration Geophysics
• 7 commencements 7 completions Civil, Environmental & Mining Engineering
• 13 commencements 10 completions Earth Sciences
• 4 commencements 3 completions Civil, Environmental & Mining Engineering
DET CRC September 2018
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42 postgraduate research students have had industry co-supervisors.
78 Honours students have undertaken the research component of their degrees on DET CRC-related research
projects.
22 Masters by Coursework students have undertaken the research component of their degrees on DET CRCrelated research projects.
An Annual Student Prize is awarded for the best one minute presentation and poster at the Annual Conference.
The winning student accompanies the DET CRC team to the world’s biggest mineral exploration-related
conference, the PDAC Convention (Prospectors & Developers Association of Canada) in Toronto with all their
expenses being met by DET CRC. The winners have been as follows.
• 2011 Stephanie McLennan Program 3
Earth Sciences
University of Adelaide
• 2012 Amir Mokaramian
Program 1
Petroleum Engineering Curtin University
• 2013 Sebastian Schnaidt
Program 2
Earth Sciences
University of Adelaide
• 2014 Mohammad Hossain
Program 3
Exploration Geophysics Curtin University
• 2015 Stuart Addinell
Program 1
Petroleum Engineering Curtin University
• 2016 Eline Baudet
Program 3
Earth Sciences
University of Adelaide
• 2017 Hongyang Zhang
Program 1
Petroleum Engineering Curtin University
407 driller trainees accessed the Brukunga Drilling Research and Training Facility in 28 courses largely at the
Certificate II Level.
~50 drillers, driller assistants and field technicians trained in the use of DET CRC’s new technologies.
Spin-Off Companies and Inventions
It was never the intention of DET CRC to commercialise IP via spin-off companies. Mining companies contract
out most of the technologies for mineral exploration to suppliers (e.g. geophysical surveying contractors and
drilling contractors). Mining company sponsors wished IP to be rapidly commercialised via licensing agreements
with the existing METS (Mining Equipment, Technology and Services) supplier sector. Existing suppliers with,
for example, global supply chains and HSW protocols consistent with those of the mining industry are able to
develop IP into products and services for the mining industry more quickly than spin-off companies. DET CRC
had a clear commercialisation model from its inception and its Participants Agreement specified that Supplier
Participants had the first right to submit a plan to commercialise IP and its Supplier Affiliates the second right.
DET CRC has a large portfolio of inventions and has only chosen to patent, register designs or trade mark where
deemed absolutely necessary. In other cases, IP can be protected by trade secrets and know-how.
Nonetheless, the following summary of patents, registered designs and trademarks summarises some of DET
CRC’s key inventions.
DET CRC’s patent portfolio
Title
Borehole Logging Methods an
Apparatus

Country
Application No.
International 2013904475

Sampling and Analysis System and International 2014904646
Method for use in Exploration Drilling
Drying apparatus and related
method

International 2014904649

Capture of drilling fluid returns

International 2015903272
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Priority Date Status
19 Nov 2013 Managed by Boart Longyear. Patent
applications lodged in numerous
countries
19 Nov 2014 Managed by Imdex:
Patent applications lodged in numerous
countries
19 Nov 2014 Managed by Imdex:
Patent applications lodged in numerous
countries
14 Aug 2015 Managed by Imdex:
Patent applications lodged in numerous
countries
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High Speed Downhole Coring
System
Mobile Coiled Tubing Apparatus

Australia

2016902725

Australia

2017050508

Sample Collection System and
Parts Thereof
Rotary Drill Head for Coiled Tubing
Drilling Apparatus
Drilling Fluids and Uses Thereof

Australia

2017903541

International 2017051098
Australia

2018901763
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12 July 2016 Managed by DET CRC: Innovation
Patent granted
18 Jan 2017 Managed by Imdex: PCT Application
Submitted
1 Sep 2017 Managed by Imdex: PCT Application
Submitted
11 Oct 2017 Managed by Imdex: PCT Application
Submitted
21 May 2018 Managed by Imdex: Provisional
Application Submitted

DET CRC’s registered design portfolio
Title
Fluids Capture Apparatus 1
Fluids Capture Apparatus 2
Mobile Coiled Tubing Apparatus
A Cone Member for a Cone Splitter

Country
Australia
Australia
International
Australia

Application No.
201514172
201514173
201710287
201715232

Priority Date
14 Aug ‘15
14 Aug ‘15
18 Jan ‘17
1 Sep ‘17

Status
Registered, managed by Imdex
Registered, managed by Imdex
Registered, managed by Imdex
Registered, managed by Imdex

DET CRC’s trademark portfolio
Trade Mark
DET CRC Logo
Lab-at-Rig®
RoXplorer®
GeoLIBS®
CTrol®

Country
Australia
Australia
Australia
Australia
Australia

Application No.
1410230
1581982
1664080
1754508
1827061

Classes
37, 42 & 45
7, 9, 37 & 42
7,37
9 & 42
1

Filing Date
22 Feb 2011
23 Sep 2013
11 Dec 2014
24 Feb 2016
21 Feb 2017

Status
Accepted
Accepted
Accepted
Accepted
Accepted

International Engagement
• Two major Mining Company Participants are almost exclusively based overseas, those being Barrick Gold
(Canada) and Vale (Brazil/Canada). They contributed strongly to scientific direction, for example through
the Science Steering Committee, Annual Conference and project reviewing roles.
• DET CRC’s management and key researchers provided annual updates to sponsors at the PDAC
(Prospectors & Developers Association of Canada) Convention in Toronto because of the Canadian base of
relevant Barrick Gold and Vale staff and also to facilitate communication with the globally-distributed staff of
sponsor companies.
• Imdex, Barrick Gold and DET CRC are at the time of writing this report collaboratively undertaking an
extended deployment of the prototype RoXplorer® coiled tubing drilling system in Barrick’s exploration and
mining areas of Nevada, USA.
• Barrick Gold have undertaken extensive pre-commercial trialling of DET CRC’s Lab-at-Rig® system, now
licenced by Imdex, in their gold operations in Nevada, USA.
• Researchers at Boart Longyear’s drill bit manufacturing facility in Salt Lake City collaborated extensively
with the coiled tubing drilling team to develop novel bits for coiled tubing drilling.
• Researchers worked closely with Tenaris (Houston, USA) for the provision of BlueCoil® steel coiled tubing
for the RoXplorer® coiled tubing rig.
• Researchers collaborated with Swedish-based Affiliate Supplier, Wassara, using their water-driven
downhole drilling hammers in the RoXplorer® rig and comparing Wassara’s underground coiled tubing
drilling system for blast holes in Swedish iron ore mines with our greenfields, exploration-focused
RoXplorer® system.
• Tempress Technologies in Seattle, Washington, collaborated with the coiled tubing drilling team on the
development of downhole turbines.
• Anglo-American provided samples from their Kumba (South Africa) iron ore mine, and other international
operations, for analysis by XRD and LIBS techniques, including the calibration/refinement of automated
processing techniques.
• Many of the research teams have wide networks of international research collaborators such as the close
links between Curtin University’s seismic group and that of the University of Uppsala, Sweden.
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Many international invited and keynote conference papers have been given by DET CRC presenters, for
example at the following:
➢ PDAC (Prospectors & Developers Association of Canada) Conference papers in Toronto, Canada over
several years;
➢ SEG (Society of Economic Geologists) Annual Conference in Keystone, Colorado, in 2014;
➢ opening keynote address at the EAGE’s (European Association of Geoscientists and Engineers) first
conference on Geophysics for Mineral Exploration and Mining in Barcelona in 2016;
➢ Xplor 2017, the Quebec Mining Exploration Convention, and;
➢ conference luncheon presentation at the decennial mining exploration conference ‘Exploration 17’ in
Toronto in 2017.
Postgraduate research students have originated from 19 different countries.
Economic Benefits

Products and Services That Went To Market
There is a significant time lag between licencing IP and the launch of a commercial product onto the market due
to the nature of the mining industry. Prototypes must be made sufficiently robust to become products that are
suitable for commercial usage in the mining industry. Marketing and promotion must be undertaken in order to
displace existing technologies and sufficient units and their global supply chain must be in place.
Licences for key DET CRC products include timeframes to market and these are as follows:
• Wireless Sub: end 2018. Multiple prototypes are under construction, extended trials to start late 2018.
• Lab-at-Rig®: mid 2021. semi-commercial trial with Barrick Gold during 2017 led to a decision to automate
the system and this work is now underway.
• MultiSensor AutoSonde: end 2021. Gamma AutoSonde is well developed and should be commercially
available in 2019, additional sensing capability (magnetic susceptibility and resistivity) to follow.
• AutoShuttle: end 2021. Technology transfer completed.
• RoXplorer® coiled tubing drilling system for mineral exploration. end 2020. semi-commercial trial with
Barrick Gold in progress, Imdex and Barrick working together to identify manufacturing partners.
Progress of other, slightly less significant products that have been licenced to date as follows:
• IOCG Index: commercially available, incorporated into Imdex’s ‘IoGas’ software.
• Hydrophone Baffle: handover to commercialiser completed but not yet used commercially.
• Seismic Software (various): handover completed but software still being adapted for commercial application.
• Wavelet Tesselation Software: software expected to be made commercially available by mid-2019.
• Automated XRD Processing Software: software expected to be made commercially available by end-2019.
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DET CRC’s lifetime income

DET CRC’s lifetime expenditure

Economic Benefit to Industry
The data in this section are from a study by respected mining industry analyst, Richard Schodde.
The economic benefit of DET CRC’s coiled tubing drilling system can be considered in three ways.
1.
2.
3.

Value of savings to drilling costs which can be estimated.
Value of new discoveries resulting from lower drilling costs, which can be estimated, but with significant
uncertainty.
Value of discoveries due to a new approach to mineral exploration, i.e. prospecting drilling (whereby
cheaper drilling results in a better understanding of the distal geochemical footprints of mineral deposits and
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in turn an ability to vector towards deposits using cheap drill holes guided by these distal geochemical
footprints). The value of this cannot be estimated, because the likelihood of such is unknown and the
discovery of such will be due to multiple factors, not DET CRC’s products and services alone. The average
NPV of a Tier 1 mineral deposit is ~$US 2 billion (2013 US$s).
Considering the value of savings to drilling costs, Richard Schodde suggested that coiled tubing drilling could
replace half of Australia’s diamond drilling and thereby save ~$AUS 140M pa. However, drilling expenditures are
price elastic. Therefore in practice, lower drilling costs will generate more drilling. Richard Schodde estimated
that coiled tubing drilling will result in ~2.5 times or 1.4 million metres per annum additional drilling in Australia.
At an average of 0.55 million metres of drilling per moderate discovery, one would expect that increase in drilling
to deliver 2.5 extra moderate discoveries pa or $US 200M pa (2013 US$s) in value.
The drilling savings and value of discovery above are broadly consistent and imply a reasonable rate of return on
mineral exploration expenditures. If, as history suggests, lower cost drilling results in additional drilling, then the
economic befits of coiled tubing drilling will not be in terms of savings in drilling costs, but rather in terms of
additional discoveries of mineral deposits. Over a ten year period that value of additional discoveries of mineral
deposits is estimated be $US 2 billion (2013 US$s) in Australia alone.
The Australian mineral exploration industry is currently ~1/8th of the global market, hence globally the value
created is estimated to be $US 16 billion.
Considering the Wireless Sub, its estimated 10% increase in the productivity of conventional diamond drilling
represents $38M pa in economic benefits given the approximately $AUS 380M pa diamond drilling market in
Australia. However, if coiled tubing drilling replaces half of Australia’s diamond drilling, this benefit becomes
$19M pa.
Other Economic Benefits
An additional key benefit of coiled tubing drilling is the elimination of the >50% of workplace injuries in mineral
exploration due to the manual handling of segments of drill pipe. Coiled tubing drilling eliminates the manual
handling of drill pipe and therefore provides major WHS benefits.
The RoXplorer® coiled tubing drilling system also has significant environmental benefits. Most notably that
drilling fluids are recycled and no fluids are released to the surface (no sump is dug). Thus the risk of
contaminating the surface or surface water is less than for conventional drilling methods. The fuel usage, thus
CO2 emissions, of the RoXplorer® coiled tubing drilling system is also significantly less than that for conventional
drilling and the drill ‘pad’ (ground area cleared for drilling activities) will be smaller than for conventional drilling.
The above does not make any allowance for smarter mineral exploration due to, for example, improved
knowledge of the distal footprints of mineral deposits that result from additional, coiled tubing drilling. Nor does it
attempt to place an economic benefit on the AutoSonde and AutoShuttle (for real-time downhole determination of
rock properties), or on the Lab-at-Rig® (for real-time top-of-hole determination of geochemistry and mineralogy).
The AutoSonde, AutoShuttle and Lab-at-Rig® replace existing technologies at lower cost, but the savings will be
smaller than those outlined above and their real value is in the routine collection of more and better quality data
to assist smarter mineral exploration, the value of which cannot be reasonably quantified.
Smarter mineral exploration under deep, barren cover rocks is urgently required. Australia’s declining rate of
discovery of new, greenfields mineral deposits is putting at risk our future as a mining country and the associated
employment, wealth creation and tax and royalty payments as, for example, described by the joint
industry/government/research UNCOVER initiative www.uncoverminerals.org.au. New mineral deposit
discoveries are also required in order that the mining industry can continue to build national infrastructure and
contribute to regional economies and indigenous employment.
Case Study of Successful Commercialisation
The Lab-at-Rig®, whilst not yet a fully commercial product, was a model collaborative research project involving
research organisations, industry suppliers and industry end-users.
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The Lab-at-Rig® was an 18-month, $1 million cash, $2 million in-kind ‘Opportunity Fund’ Project to produce a
prototype top-of-hole analysis system for diamond drilling. The technology is a world-first, delivering near realtime analysis of geochemistry and mineralogy of the cuttings from diamond drilling, thereby facilitating rapid
decision-making in mineral exploration. The project brought together a research team from CSIRO, Imdex and
Olympus.
Project management was strongly influenced by the industry partners and was best practice at each stage
including work undertaken to scope the project, landscape reviews of existing technologies and to confirm
freedom to operate. The outputs of the project, in addition to the demonstrated prototype, included a detailed
Opportunity Assessment Report and Technology Transfer Pack suitable for a commercialiser to assess the
business opportunity. The technology was offered for commercialisation in October 2014. A commercialisation
proposal from Imdex was accepted in January 2015 and a licence agreement was executed in September 2015.
The Lab-at-Rig® was extensively deployed by Imdex on the Geological Survey of South Australia funded Mineral
Systems Drilling Program in 2015 and 2016. This provided an invaluable opportunity to build confidence in the
technology as well as undertake product development with a ‘friendly’ client.
In 2016 Imdex entered into a ‘Kickstarter Agreement’ with Barrick Gold whereby the two companies (a supplier
and an end-user) now have a strategic relationship to further develop and deploy the technology. A precommercial trial of Lab-at-Rig® was carried out by Imdex at a Barrick site in Nevada during 2017. This trial fed
into a process of value modelling conducted jointly between Imdex and Barrick and has led to a decision to
automate the technology. The initial statges of this automation work is now underway.
There is great potential for the technology to be applied to other forms of drilling other than diamond drilling,
including Reverse Circulation (RC) drilling and to Coiled Tubing (CT) drilling.
Benefits to the South Australian Government
DET CRC is one of ~30 CRCs nationwide, but one of only two currently headquartered in South Australia. The
South Australian Government has been a key supporter of DET CRC which has returned the following ‘Top 10
Dividends’ to the State.
1.
2.
3.
4.

5.
6.
7.

Investment of ~$62M cash and ~$93M in-kind on research in mineral exploration technologies from DET
CRC’s Adelaide-based head office, which is embedded with global drilling supplier, Boart Longyear, at
Adelaide Airport.
~$31M cash expenditure in South Australia generating ~265 FTE years of employment in mining services
and advanced manufacturing (~120 directly funded and an estimated 145 indirectly funded through the
purchase of goods and services).
The Brukunga Drilling Research & Training Facility: a unique, fully-equipped and staffed drill site dedicated
to testing new drilling technologies, available to DET CRC and other parties.
A major program of vocational education and tertiary research in mineral exploration.
➢ 407 driller trainees undertaken training at the Brukunga Drilling Research & Training Facility.
➢ 20 PhD and one Masters by Research projects with sponsorship to the value of $1.275M at the
University of Adelaide. 17 PhD and one Masters by Research completions to-date.
➢ Three completed coursework Masters research projects and 43 completed Honours research projects at
the University of Adelaide.
Collaboration in research in mineral exploration between research organisations, government, suppliers
and the following South Australian-based exploration/mining companies: Heathgate, Investigator
Resources, Minotaur Exploration, Monax Mining, OZ Minerals & Rex Minerals.
Strengthening the ecosystem of the South Australian METS sector (mining equipment, technology and
services companies). In excess of 200 South Australian companies have collaborated with or supplied
services to DET CRC and been exposed to DET CRC’s major sponsors.
Five conferences for national and international delegates in Hahndorf with an average of 150 attendees at
each, providing significant benefits for numerous local suppliers. Attendees include decision-makers such
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as exploration managers for major miners who are interacting with the South Australian mineral exploration
and METS ecosystem.
8. Involvement of 20 South Australian-based suppliers in fabrication of the world’s first coiled tubing drill rig for
mineral exploration in South Australia. First trials in South Australia during 2016-2017.
9. A unique collaborative drilling program (Mineral Systems Drilling Program, MSDP) of 14 holes and ~8,000
metres from August 2015 to April 2016 involving the Geological Survey of South Australia, DET CRC, two
mineral exploration companies, five supplier companies and three research organisations. The MSDP
leveraged a $2.5M cash contribution from the South Australian Government into an ~$8M cash and in-kind
program that supported in excess of 100 South Australian-based suppliers. The Mineral Systems Drilling
Program:
➢ uncovered new mineralised provinces in the Gawler Craton;
➢ uncovered the new technologies required to explore beneath barren cover, and;
➢ built collaboration between junior explorers, METS sector, government and research organisations in
South Australia.
10. DET CRC’s new technologies of cheaper drilling and associated real-time sensing are ideally suited to,
indeed designed for, more successful exploration in the 80% of South Australia where prospective geology
is obscured by barren cover rocks. South Australia’s greatest dividend from DET CRC will be in the
discovery of Tier 1 mineral deposits through the commercial deployment of DET CRC’s technologies.
Research and Technology Awards
DET CRC awarded an annual prize for the best publication in a peer-reviewed journal. This award recognised
that technological advances are underpinned by scientific research. It also recognised that publication, whilst not
a key outcome for DET CRC per se, is an important milestone for individual researchers within publicly-funded
research organisations. The awardees were as follows.
Date
2017
2016
2015
2014

Publication Title
Semiautomatic and Automatic Cooperative
Inversion of Seismic and Magnetotelluric Data
Detection of gold nanoparticles with different
sizes using absorption and fluorescence based
method
Resolution of geochemical and lithostratigraphic
complexity: a workflow for application of portable
X-ray fluorescence to mineral exploration
Fluid flow investigation through small turbodrill
for optimal performance

Journal
Surveys in Geophysics
Sensors and Actuators, B:
Chemical

Authors
Le Van Anh Cuong (Curtin
University)
Agnieska Zuber (University
of Adelaide

Geochemistry: Exploration,
Environment, Analysis

Louise Fisher (CSIRO)

Mechanical Engineering
Research

Amir Mokaramian (Reflex)

DET CRC also awarded and annual prize for the best technological advance based on the following criteria:
• degree of innovation and technical challenge overcome;
• relevance to DET CRC’s core purpose and vision, and;
• positive impact on sponsor’s view of DET CRC.
The awardees were as follows.
Date
2017

Technology
CTrol® and CTrolX®

Program
Program 1

2016

RoXplorer®

Program 1

2015

Wireless Sub

Program 1

2014

Lab-at-Rig® Sample Handling and Sensor
System (SHSS)

Program 3
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Boart Longyear, Curtin University,
CSIRO, Imdex
Boart Longyear, Curtin University,
CSIRO, Imdex
Boart Longyear, CSIRO, Epslog,
Globaltech,
CSIRO, Curtin University, Imdex,
Olympus, University of Adelaide
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Collaboration

Participants and Collaborations
DET CRC had 16 Participants and Other Participants over its lifetime.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Anglo American
Barrick Gold
BHP
Boart Longyear
Geological Survey of South Australia
Gold Fields
Imdex
Newcrest Mining
Vale
CSIRO
Curtin University
University of Adelaide
University of South Australia
Geoscience Australia
Olympus
University of Western Australia

Participant
Participant
Participant
Participant
Participant
Participant
Participant
Participant
Participant
Participant
Participant
Participant
Participant
Other Participant
Other Participant
Other Participant

2011-2018
2010-2018
2010-2018
2010-2018
2010-2018
2010-2014
2012-2018
2010-2015
2010-2018
2010-2018
2010-2018
2010-2018
2017-2018
2010-2018
2013-2018
2010-2018

DET CRC’s 16 Participants and Other Participants over its lifetime.

63 Participants, Other Participants and Affiliates were engaged in DET CRC, with very strong industry
collaboration:
• Head Office was embedded in industry;
• ~30% of research funds flowed to industry;
• engagement with 110 industry-based researchers (~27 cash-funded industry FTE person years and ~78 inkind FTE person years), which corresponded to about one third of DET CRC’s staffing both in terms of
individuals and FTE years;
• strong engagement of industry in the Science Steering Committee and on project reviews, and
• approximately half of annual conference attendees being from industry.
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Research Orgs
Industry
Total

Annual Report 2017-2018

# Individual
Researchers
190
110
300

Cash
FTE Years
88
27
115

In-Kind
FTE Years
126
78
204

- 77 -

Total Years
214
105
319

Number of
Organisations
7
12
19

Breakdown by research organisations and industry organisations of the number of individual researchers, cash- and in-kind-funded FTE years
and number of organisations supported by DET CRC resources.

The following summarises some notable collaborations in addition to the four case studies of collaboration at the
end of this section and those summarised in the earlier sections of this report on SME Engagement and
International Engagement.
•

•

•
•

•

Researchers from Curtin University and Globaltech Corporation collaborated with BHP in order to conduct
field trials of a reverse circulation (RC) drilling version of the AutoSonde at BHP Area-C iron ore deposit in
the Pilbara. Learnings from the trial were invaluable for the research team and BHP gained an increased
understanding of the technology prior to its commercialisation.
Researchers from Imdex, CSIRO and Olympus collaborated with Anglo American to conduct Lab-at-Rig®
field trials at Anglo’s Bushranger exploration project (Oberon, New South Wales). Researchers from
CSIRO, Globaltech and Boart Longyear collaborated with Anglo American to conduct Wireless Sub trials at
the same project. The deployments were organised at the request of Anglo American and served as a
model for collaboration, assisting end-users to understand the role that our emerging technologies may play
in their business, and assisting researchers to optimise their technologies for real world conditions.
The assembly of the RoXplorer® coiled tubing drill rig involved personnel from Century Engineering, Boart
Longyear, OmniLogix and DET CRC.
The field testing of the RoXplorer®, throughout the first half of 2017, was a significant collaborative effort
involving a team of drillers, driller assistants, technicians, scientists and engineers from Boart Longyear,
Curtin University, CSIRO, Imdex, Omnilogix, University of South Australia and the DET CRC. In addition,
the Geological Surveys of South Australia and Victoria provided permitting, logistical, safety and geological
expertise.
The Real-Time Drill Site (RTDS) project was supported by the Minerals Industry Participation Office of the
South Australian Department of State Development and involved collaboration with the Geological Survey
of South Australia, Imdex Limited and information technology companies Australian Semiconductor
Technology Company (ASTC), SRA Information Technology and Innodev.

Relevant Publications by Participants
There have been 246 formal publications by Participants during the lifetime of DET CRC to-date. These have
been detailed in the Appendices to each Annual Report and in the MDQ. Much of DET CRC’s work remains
unpublished due to its commercial-in-confidence nature and DET CRC’s Centric Project Management Systems
contains 1,158 documents. The entire database of DET CRC’s documents have been provided to the National
Library with a one-year embargo period on their public release (i.e. they will be publicly available via the National
Library from 1 July 2019).
METS Ignited Industry Growth Centre
DET CRC commenced in 2010 and the METS Ignited Industry Growth Centre commenced in 2015. Hence there
was limited potential for METS to influence the direction of DET CRC which was well established by 2015.
DET CRC was distinguished from previous CRCs in the mineral exploration field by its strong engagement with
the METS sector. Since its inception, DET CRC was not simply a collaboration between research organisations
and mining companies. METS companies were Participants in DET CRC, major research providers and held the
first right (METS Participants) and second right (METS Affiliates) to submit proposals to commercialise DET
CRC’s IP. Perhaps fortuitously this has ensured that METS Ignited’s focus on the METS sector within the mining
industry and DET CRC’s goals are closely aligned.
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DET CRC, with its end-user driven collaboration of METS companies, miners, government (geological surveys)
and research institutions, helped meet the aims of METS Ignited’s Sector Competitiveness Plan, wherein
Programme 1 aimed to: “align the strategies and roadmaps of METS, miners and research institutions, ensuring
innovation is characterized by customer-pull rather than product-push”. In terms of METS Ignited’s Industry
Knowledge Priorities, IKP 4, Priority 1 “Advancing exploration knowledge, tools and technologies, including for
deep and unconventional resources” was precisely the purpose of DET CRC.
In recognition of the synergy between the goals of METS Ignited and DET CRC a Memorandum of
Understanding was signed between the organisations in 2017, for example undertaking to:
• collaborate on activities related to METS Ignited’s Sector Competitiveness Plan;
• collaborate on opportunities for commercialisation of DET CRC research, and;
• co-promote each other’s activities.
DET CRC also collaborated with METS Ignited on the Stage 1 MinEx CRC Bid. METS Ignited strongly endorsed
the METS sector focus of the MinEx CRC Bid and looks forward to future close collaboration with MinEx CRC.
Unsuccessful Projects
Not all DET CRC Projects achieved their goals. The Commonwealth Government and sponsors recognise that
research progress cannot be guaranteed, despite the best endeavours of all parties. Initial (Phase I) project
contracts ended around the time of DET CRC’s Major Performance Review (late 2013-early 2014). The
outcomes of the Major Performance Review and guidance from the Science Steering Committee led to three
projects not continuing into Phase II and to two projects being combined.
With respect to the projects that did not continue into Phase II, opinions on the causation of such would vary
depending on those canvassed. The first point to note is that DET CRC sought greater focus at this time in order
to try to ensure the success of its core, three pillar projects. Thus the termination of projects at the end of Phase
I indicated a lower prioritisation than DET CRC’s core, three pillar projects and was not solely based on progress
to-date.
Project 1.3 on optimising conventional drilling methods did not continue into Phase II. Some components of the
project were amalgamated into other projects, but a key component on automating the handling of drill rods did
not continue. In management’s opinion, there was insufficient communication and collaboration between the
industry and research organisations party to the research on the methodologies to be used and the outcomes
sought. Management acknowledges its key role in addressing such, which it was unable to do in this instance.
Project 2.1 on downhole radar and seismic methods did not continue into Phase II. In management’s opinion
this was due to a lack of progress on ambitious technical goals in Phase I, despite the endeavours of the parties
involved.
A component of Project 2.2 on PGNAA (Prompt Gamma Neutron Activation Analysis) downhole geochemical
logging also did not continue into Phase II. In management’s opinion this was primarily due to concern about the
use of radioactive sources downhole; insufficient funding being available to be able to utilise switchable sources,
and; concerns over the relationships between DET CRC supported research and other projects in the same field
by the same research team and related IP matters.
DET CRC developed a project management process that helped address the risks of project non-delivery. The
process included:
• detailed and carefully reviewed Project Agreements (research contracts) typically of two, three or four years’
duration;
• outcome-oriented annual and quarterly milestones (the former set in Project Agreements at project
commencement and the latter set annually reflecting ongoing progress/developments);
• use of KDPs (key decision points) for clear decision-making around project priorities as research evolves;
• clarity around the technology readiness levels (TRLs) at which projects operate and successfully complete;
• SMART (Specific, Measurable, Attainable, Realistic, Time-bound) project performance targets, and;
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• all combined with quarterly project reporting reviewed by the programme leader, industry reviewer and CEO,
resulting in a simple traffic light assessment of each project each quarter
The extent to which projects were meeting quarterly milestones provided a responsive indication of project
progress and the status of quarterly milestones played an important role regarding whether projects continued
into Phase II.
Lessons Learnt
Management offers a Top 10 lessons learnt on running a successful CRC based on its experience with DET
CRC.
1.

Industry Leadership. For example, industry-set and monitored research goals; engagement of industry
researchers, and; no cash funding from research organisations.
2. Collaboration. Drive a “Partner and Prosper” as opposed to “Publish or Perish” philosophy amongst
researchers. For example, on-site collaboration between researchers from different disciplines and
organisations at the Brukunga Drilling Research and Training Facility and in field trials.
3. Clarity, Focus and Consistency. From the initiation of Phase II projects, DET CRC consistently maintained
a laser-like focus on its its three pillars of coiled tubing drilling, downhole sensing (logging-while-drilling
AutoSonde) and top-of-hole sensing (Lab-at-Rig®).
4. Detail and Accountability. As described in the project management processes in the previous section, DET
CRC agreed and monitored ~1800 quarterly project milestones.
5. Agreeing What Constitutes Success. Agree simple, SMART (Specific, Measurable, Attainable, Realistic,
Time-bound) performance targets for each project and develop clarity regarding the technology readiness
level (TRL) sought from successful projects.
6. Right People. Program and Project Leaders must share the goals of sponsors.
7. Good communications both internally and externally. DET CRC found video and a YouTube channel a
particularly powerful medium, e.g. video annual reports that could be easily viewed around the world and
shared within participating organisations.
8. Budgets must not focus exclusively on buying staff time from research organisations (which is what the
research organisations tend to seek). They need to include costs for fabricating a and testing prototypes
and a significant component of funding should flow to industry-based researchers (one third in the case of
DET CRC).
9. An independent Board and independent CEO.
10. A strong E&T Program as discussed in Section 6.2.4.
Value Participants Place on Being Part of DET CRC
“Involvement in the DET CRC has facilitated the building of bridges between smaller entities and large mining/
drilling companies. It has been the catalyst for game changing exploration technologies that may never have
been developed without the collaboration and funding brought aboutby the DET CRC” – Gordon Stewart,
Globaltech
“Extremely well run and successful CRC that will set the bar for all future resecrh collaborations” – Aaaron
Baensch, Olympus
“DET CRC is by far the best research collaboration that our organisation is involved with and that I have
personally been involved with. There is daylight between this and the next best!” – Steve Hill, Geological Survey
of South Australia
“The CRC has delivered an excellent series of outputs through the step change in drilling technology, drill
sensing ability and the real-time, or near real-time analytical technologies. It has also trained a new generation of
earth scientists and ngineers in these novel technologies” – Alan Colins, University of Adelaide
“The way industry has interacted, and CRC management/researchers have responded to industry priorities was
a major highlight compared to historical industry-university research interaction” – Tony Belperio, Minotaur
Exploration
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“We can see the Wirless Sub being a game changer for industry” – John Broklesby, Anglo American
Case Studies of Collaboration: Uncovering New Technologies and New Relationships
In addition to uncovering new technologies, DET CRC uncovered new relationships both within Australia’s METS
sector and between Australia’s METS sector and research organisations. These relationships will outlive DET
CRC and are part of a significant ‘soft’ legacy that adds to the ‘hard’ legacy of the new technologies developed.
1. AutoSonde and AutoShuttle Collaboration
The AutoSonde and AutoShuttle are downhole sensing technologies that add value to conventional diamond
drilling. They permit key information on the physical properties of the rocks that a borehole has intersected to be
determined by the drilling crew in the routine course of drilling. Previously such data required a separate wireline
logging crew to be mobilised to often remote drill sites, costing significant time and expense, and with the risk
that the borehole may collapse prior to vital information being obtained.
The AutoSonde and AutoShuttle:
• were developed collaboratively by scientists and engineers from Curtin University and Perth-based METS
SME Globaltech, and;
• have been licenced by Boart Longyear, one of the world’s biggest drilling companies.
In the course of the project:
• Boart Longyear acquired a significant shareholding in Globaltech;
• Globaltech moved its offices to co-locate with Boart Longyear’s Forrestfield Facility in Perth;
• Globaltech has negotiated the manufacturing rights for TRUPROBE, Boart Longyear’s commercial version
of the AutoSonde, creating new high technology, METS sector employment in Australia, and;
• Boart Longyear are sponsoring a Chair in Geophysical Instrumentation at Curtin University held by the
leader of DET CRC’s AutoSonde and AutoShuttle project, Professor Anton Kepic.
2. Lab-at-Rig® Collaboration
The Lab-at-Rig® analyses rock cuttings from drilling, determining both their geochemistry (i.e. assay) and
mineralogy. Its near real-time assay can preclude months of delays and enable instant decisions on extending
or terminating holes, or drilling new holes, without demobilising and remobilising drill rigs and their crews to
remote areas.
The Lab-at-Rig®:
• did not exist in DET CRC’s original research roadmap and developed as research evolved due to
interactions between researchers from CSIRO, Olympus and the participant mining companies;
• commenced as an Opportunity Fund project to deliver a prototype system which was developed
collaboratively by scientists and engineers from CSIRO, Imdex and Olympus and in the end constituted one
of DET CRC’s key projects, and;
• was licenced by Imdex, a Perth-based METS company specialising in drilling fluids, downhole
instrumentation, geoscience technologies and data analytics and after licencing underwent extensive precommercial field trialling at Participant, Barrick Gold’s site in Nevada.
In the course of the project:
• Olympus elevated their membership from Affiliate to Other Participant, which delivered extra cash and inkind resources to the project;
• Imdex acquired then Affiliate ioGlobal who produce industry-leading software for analysis of geochemical
data and cloud-based data management systems;
• Imdex recruited then Project Leader for the Lab-at-Rig® project, James Cleverley, from CSIRO;
• Imdex developed a commercial relationship with Olympus for the rental and use of portable XRF analysers
as part of their real-time geochemical analysis solutions, and;
• Australian-based Imdex’s development and support of Lab-at-Rig® will help to grow METS sector
employment and exports.
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3. Stavely Drilling Program Collaboration (Victoria)
DET CRC originally planned to develop technologies to the level of demonstrating prototypes at the Brukunga
Drilling Research & Training Facility prior to offering them for commercialisation. While invaluable, the Brukunga
Drilling Research & Training Facility only provides one particular set of subsurface (geological) conditions within
which drilling and sensing technologies can be tested. Furthermore, activities there are not subject to the time
pressures of operational drilling where there is a strong focus on maximising the number of metres drilled per
day. Hence, in order to advance technologies further towards commercial products, field drilling and technology
testing programs such as the Stavely Drilling Program and Mineral Systems Drilling Program were undertaken.
One of DET CRC’s major activities in 2014-2015 was the Stavely Drilling Program. Geoscience Australia and
the Geological Survey of Victoria wished to undertake drilling in the relatively poorly geologically known Stavely
Province of western Victoria in order to improve knowledge of the mineral potential of the area. DET CRC
collaborated with Geoscience Australia and the Geological Survey of Victoria in order that the drilling project was
also used to trial DET CRC’s new technologies. Boart Longyear undertook the drilling and assisted with the
deployment of DET CRC’s technologies.
Fourteen holes were drilled in the program with in excess of 1 km of sonic drilling and in excess of 1 km diamond
drilling. The University of Melbourne contributed additional funding to deepen one of the holes in the program in
order to undertake palaeoclimatic studies. By ‘piggy-backing’ on the existing drilling project, the University of
Melbourne was able to avoid mobilisation and site remediation charges and Geoscience Australia received
additional core from the deepened hole at no extra cost to them.
The key technologies deployed by DET CRC were its Lab-at-Rig® and AutoSonde. Lab-at-Rig® routinely
provided geochemical and mineralogical data to Geoscience Australia and the Geological Survey of Victoria that
was also uploaded to the REFLEX Hub (Imdex’s cloud-based data storage/analytics system). The availability of
near real-time geochemical and mineralogical data was greatly valued by the geologists from Geoscience
Australia and Geological Survey of Victoria and enhanced their analysis of the core recovered. The majority of
holes were also logged by the AutoSonde, providing a log of the natural gamma radiation of rocks intersected by
the holes.
The program was successful and contributed to the more rapid development and field testing of DET CRC’s new
technologies. Prolonged field testing was invaluable for modifying and ruggedizing the technologies for field
operation and the research teams learnt invaluable lessons on the operations of the technologies. It was also an
excellent example of inter-organisational cooperation involving Boart Longyear, CSIRO, Curtin University, DET
CRC, Geological Survey of Victoria, Geoscience Australia, Globaltech, Imdex, Olympus and University of
Melbourne.
4. Mineral Systems Drilling Program Collaboration (South Australia)
The Mineral Systems Drilling Program (MSDP) was a world-first collaboration of:
• government (Participants, Geological Survey of South Australia);
• mineral explorers (Affiliates, Minotaur Exploration and Kingston Resources);
• drillers (Participants, Boart Longyear);
• major and SME suppliers (Participants, Imdex and Olympus and Affiliates, Bureau Veritas, Epslog and
Globaltech), and;
• research institutes (Participants, CSIRO, Curtin University, and University of Adelaide).
The Geological Survey of South Australia supported the MSDP in order to elucidate regional signatures of
mineral systems under cover in the Gawler Craton (northern Eyre Peninsula). The Geological Survey of South
Australia wished to work in collaboration with the mineral exploration industry and invited the industry to propose
locations for a co-funded drilling program. The proposals selected by the Geological Survey were submitted by
Kingston Resources and Minotaur Exploration and focused on the southern Gawler Craton. The Geological
Survey was also supportive of helping develop DET CRC’s new mineral exploration technologies, because such
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technologies are required for more successful exploration of areas of deep, barren cover such as the Gawler
Craton.
The MSDP was funded by $3.5M cash ($2.5M from the Geological Survey of South Australia’s PACE Frontiers
programme, $400K from Minotaur Exploration, $250K from Kingston Resources and $345K from DET CRC).
There was a further $4.1M in-kind contribution from those parties. Fourteen holes were drilled in a continuous
program from August 2015 to April 2016 to a total of 7,868 m. The MSDP also utilised in excess of 100 South
Australian-based suppliers from providing water-trucking services to road-grading to catering 3,225 meals served
at remote field camps.
The MSDP involved almost all of DET CRC’s projects. As well as thoroughly testing individual technologies, it
was the first time that several of DET CRC’s technologies were integrated and operating at the same time in a
drilling operation. It provided invaluable field trialling for a suite of technologies, specifically:
• Wireless Sub (2,197 m of drill hole logged);
• AutoSonde with gamma and magnetic susceptibility sensors (4,876 m logged by gamma sensor and 728 m
logged by magnetic susceptibility sensor);
• AutoShuttle with gamma (88 m logged);
• Lab-at-Rig® (5,809 m sampled for geochemistry by XRF and 2,747 m sampled for mineralogy by XRD);
• Fluid Management System (2,800 m sampled), and;
• seismic methods (surface reflection seismic lines and borehole-based vertical seismic profiles acquired).
The MSDP also made drilling results remotely available in real-time. The Real-Time Drill Site Project, which was
funded by a $350K grant from the South Australian Government’s MIPO (Mining Industry Participation Office),
provided a platform on which to show live data from the Wireless Sub, AutoSonde and Lab-at-Rig®. A
demonstration of the Real-Time Drill Site Project took place on 14 April 2016 with Participants in Australia and
internationally simultaneously viewing real-time and near real-time results from the remote MSDP drill site in
South Australia.
6.2.4

Education and Training

Postgraduate Research Students
As of 10 September 2018 DET CRC has had:
• 59 postgraduate research student commencements (53 PhDs and 6 Masters by Research);
• 41 postgraduate research student completions (38 PhDs and 3 Masters by Research), and;
• 2 postgraduate research theses currently under examination (2 PhDs and 0 Masters by Research).
• an additional 7 postgraduate research students likely to submit their theses for examination within one year;
• 9 postgraduate research students who withdrew or whom we believe are unlikely to submit theses for
examination, and;
• 42 postgraduate research students with industry co-supervisors.
In addition:
• 78 Honours students undertook the research component of their degrees on DET CRC-related research
projects;
• 22 Masters by Coursework students undertook the research component of their degrees on DET CRCrelated research projects;
• 407 driller assistant trainees accessed the Brukunga Drilling Research and Training Facility in 28 courses
largely at the VET Certificate II Level, and;
• ~50 drillers, driller assistants and field technicians were trained in the use of DET CRC’s new technologies.
Employment destinations for postgraduate research students have included: CSIRO; Corva (drilling technology);
Department of Industry, Innovation and Science; DownUnder Solutions (geophysical processing); Geodata
(geospatial data); Geoscience Australia (Affiliate); Geoterrex (geophysical data acquisition and processing);
Geoterrex-Dighem (geophysical data acquisition); Globaltech (Affiliate); Imdex (Participant); Halliburton
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(multinational oil and gas supplier), Nielsen (data analytics) and; the Northern Territory Geological Survey
(Affiliate).
Several postgraduate students have continued to post-doctoral research or lecturing positions including at:
Central South University of China, Central Queensland University, National University of Colombia, Curtin
University, University Malaysia Kelantan, Ho Chi Minh University of Science – Vietnam National University, Hanoi
University of Mining and Geology, Université de Lausanne, University of Oxford, University of Adelaide,
University of South Australia and University of Tokyo.
Appendix I summarises all postgraduate research students, their country of origin, university and
department/school of enrolment, project title, supervisors, DET CRC program and project in which they worked
and employment destination. Appendix II summarises awards won by DET CRC’s postgraduate research
student cohort.

Countries of origin of DET CRC postgraduate research students.

Key Educational Outputs
The key educational outputs of DET CRC were the 185 postgraduate research and postgraduate coursework
students exposed to DET CRC projects. These students provide a strong cohort of graduates who are aware of
technological challenges and developments in the mineral exploration industry, and indeed the nature of industry
interactions in general. This industry-awareness was developed through various implicit and explicit processes:
• research projects all related to and within one of DET CRC’s projects;
• majority of students had industry co-supervisors;
• exposure to the industry network at DET CRC’s Annual Conferences, including via one minute
presentations and posters on research;
• induction sessions discussing how student projects related to new technologies in mineral exploration and
with senior industry figures discussing their experiences;
• optional mentorship program with senior industry figures;
• optional internship program to undertake research with industry partners, and;
• attendance at the world’s biggest mineral exploration industry conference, PDAC, in Toronto by the seven
prize-winning students.
The 407 driller assistant trainees who have been able to include practical drill site work in their VET courses
thanks to access to the Brukunga Drilling Research & Training Facility are also a key output.
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Three brief case studies of postgraduate research students are provided to illustrate examples of the work
undertaken and its integration within DET CRC.
Dr Masood Mostofi (Project 1.2 PhD student)
Dr Masood Mostofi attained a Bachelor and Master of Drilling Engineering from the Petroleum University of
Technology of Iran, and also holds a Master of Petroleum Engineering from Curtin University. After working in
two research centres in Iran, Masood undertook a PhD at Curtin University of Technology from 2011-2014 in
DET CRC Project 1.2. Masood’s project investigated the drilling response of impregnated diamond bits through
modelling and experimental investigation. The results of this research were used in the second phase of DET
CRC for development of interpretation software for drilling action of impregnated diamond bits. Masood received
a top-up scholarship from MRIWA at 2015, and the quality of Masood’s research was highlighted when he
received a Dean’s Commendation for Doctoral Thesis in 2014 for his excellence in research and thesis
presentation. Masood is now a Lecturer at the Curtin University WA School of Mines where he teaches
undergraduate and postgraduate students in drilling engineering fundamentals. Since completing his
postgraduate studies, Masood has stayed strongly connected with DET CRC and has become a key researcher
within DET CRC Project 1.1 investigating borehole stability, borehole erosion and particle tracking in the coil
tubing drilling system. Masood played an integral role in the DET CRC RoXplorer® field trials at Port Augusta
and Horsham through his research into drilling fluid properties and fluid management system associated with the
coiled tubing drill rig. Masood has supervised eight DET CRC postgraduate students, three of whom have
qualified for their postgraduate degree.
“It has been a great opportunity for me to be part of DET CRC, and I am very happy that I can continue my work
and research in this community.” Dr Masood Mostofi
Dr Sebastian Schnaidt (Project 2.4 PhD student)
Dr Sebastian Schnaidt undertook a Bachelor of Science (Physics) and a Masters of Science (Physics) at GeorgAugust-Universität Göttingen, Germany. In 2012 Sebastian moved to Australia to undertake his PhD within DET
CRC Project 2.4 at the University of Adelaide. Sebastian’s research saw him develop advanced multi-objective
algorithms for joint inversion modelling of geophysical data sets with a focus on improving model uncertainty
analysis and model reliability, and a bootstrap resampling software toolkit to enhance uncertainty estimation
capabiltities of existing data inversion algorithms. Sebastian’s research also saw him participate in numerous
magnetotelluric and self-potential geophysical surveys as part of the broader DET CRC research program. In
2013, Sebastian was the winner of the DET CRC Student Prize, which saw him represent DET CRC at the 2014
PDAC event in Toroto, Canada. Since 2015 Sebastian has been employed as a geophysicist with DownUnder
GeoSolutions where he undertakes processing seismic data for oil and gas exploration.
"The DET DRC provided an excellent environment for us PhD students, offering exciting research projects in
close partnership with the DET CRC industry participants and opportunity for knowledge exchange across a
variety of disciplines." Dr Sebastian Schnaidt.
Dr Verity Normington (Project 3.3 PhD student)
Dr Verity Normington is one of the most recent DET CRC postgraduate completions. Verity originates from
Adelaide, South Australia. Her interest in geology began in high school and continued through to her tertiary
studies. Verity completed a Bachelor of Science (majoring in surficial geology), Honours (biogeochemistry) and
a PhD at the University of Adelaide. Verity’s PhD project involved characterising the late Palaeozoic glacigene
sediments of the Troubridge and Arckaringa basins in South Australia using geochemistry, geochronology and
sedimentology. A key outcome of this project was the identification and palaeogeographic reconstructions of
various types of glacial conditions that contributed to deposition of the glacial sediments within South Australia,
how these processes can impact on background geochemistry and use of glacial samples as a sampling media
in mineral exploration. Verity is employed as a Project Geologist at the Northern Territory Geological Survey
(DET CRC Affiliate) based in Alice Springs where she is part of a project team investigating the sedimentology,
geochronology and basin evolution history of the Amadeus Basin.
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“Being part of the DET CRC as a PhD student allowed me to discuss my research with a great variety of
geoscientists and has led to the formation of a great network of colleagues around Australia from state and
federal research organisations as well as from industry.” Dr Verity Normington.
Impact of Education and Training in Areas of Skill Shortages
There were severe skills shortages in the mining industry at the time of DET CRC’s commencement in 2010,
both in professional areas such as mining engineering, metallurgy and the geosciences and also in the relevant
trades.
It was anticipated that it would be hard to recruit postgraduate research students, especially in the engineering
areas of DET CRC’s activities. However, DET CRC was successful in recruiting students, commencing 59
postgraduate research students instead of the planned 50 and across all areas of DET CRC’s activities. This is
probably in part due to a simple and transparent scholarship system whereby universities received $75,000 for
PhD students and $50,000 for Masters by Research students, irrespective of whether they were domestic or
international students and of any other scholarships they received. DET CRC did not interfere in the processes
universities utilised for ensuring the quality of enrolled postgraduate research students. However, DET CRC
carefully reviewed the projects that students undertook in order that those projects closely related to DET CRC
projects. All projects had to be approved by the relevant Project Leader, Programme Leader and the Chair of the
Education and Training Committee.
DET CRC was also assisted in reaching its enrolment target due to the mining downturn of 2011-2016, with
some students who would have been likely to join industry unable to find work and electing to undertake higher
degrees. The mining downturn also removed the skills shortages that were a matter of such great concern at the
time of DET CRC’s commencement. In reality, the impact of DET CRC’s education and training in areas of skill
shortages was minor. Those shortages disappeared due to external forces much more significant than DET
CRC’s education and training programmes, i.e. due to the mining downturn of 2011-2016.
It is pleasing to note that the mining downturn bottomed in early 2016 and, for example, the ASX 300 Metals and
Mining Index was at ~3,500 on 10 September 2018, up from a low of 1,648 in February 2016. Employment
prospects in the mining industry are rapidly improving and future skills shortages are possible if the mining sector
continues on a growth trajectory. The duration of DET CRC has seen it through an almost complete cycle of the
mining industry and DET CRC’s 185 postgraduate research and postgraduate coursework students and 407
driller assistants may indeed help address future skills needs. The news headlines illustrated from 2010, 2015
and 2017 summarise the phases of the industry cycle, and specifically their implications for employment, through
which DET CRC has operated, i.e. commencing in relatively ‘boom’ times, enduring the downturn of 2011-2016
and now seeing a significant upturn.
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News headlines regarding mining sector employment from 2010, 2015 and 2017.

Case Study of Education and Training Programmes Influencing the Uptake of New Knowledge
DET CRC’s field drilling programs have been invaluable in influencing the uptake of new knowledge. The
Stavely Drilling Program (Victoria) and Mineral Systems Drilling Program (South Australia), described in more
detail above as case studies in collaboration, brought several DET CRC technologies to the level of
‘Demonstration System’ (Technology Readiness Levels). Furthermore, because those drilling programs were
several months in duration, numerous drillers, driller assistants and field technicians were exposed to and indeed
operated the new technologies. In the case of the Mineral Systems Drilling Program, 18 drillers and driller
assistants and four field technicians underwent training on DET CRC’s new technologies. Similar numbers were
involved with DET CRC’s technologies in the Stavely Drilling Program and also at our Brukunga Drilling
Research & Training Facility. This creates a cohort of around 50 drillers, driller assistants and field technicians
already familiar with DET CRC’s technologies when they become commercially available through their licensors.
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Exit Report – Appendix I
STUDENT
Completed students
Abolfazl (Benjamin) Ameri
Siananki
Amir Mokaramian

COUNTRY OF
ORIGIN

Iran
Iran

ORGANISATION

Curtin (Exploration
Geophysics)
Curtin (Exploration
Geophysics)

DEGREE

DET CRC
PROGRAM/PROJE
CT

PRIMARY
SUPERVISOR

CO SUPERVISOR(S)

PhD

1.1

Brian Evans

Reem Roufail, Gordon Stewart
(Globaltech)

PhD

1.1

Vamegh Rasouli

New Zealand

PhD

3.1

Milovan Urosevic

Iran

University of Adelaide
(Engineering)

Masters

1.3

Noune Melkoumian

Ashlyn Johnson

Australia

University of Adelaide
(Geology)

PhD

3.3

David Giles

Bai Chun Sun

Australia

Curtin (Exploration
Geophysics)

PhD

2.1

Andrej Bona

Roman Pevzner, Christian Dupuis,
Binzhong Zhou (CSIRO WCAT)

Benjamin van der Hoek

Australia

PhD

3.3

David Giles

Robert Dart, Steve Hill (DSD)

Charlotte Mitchell

Australia

PhD

3.3

David Giles

Steve Hill (DSD)

Cheng Lin Yang

China

PhD

3.4

David Giles

Caroline Tiddy, Adrian Fabris (DSD)

Arash Mirahmadizoghi

Christopher Kipchumba Lagat

Cornelia Kitzig

Kenya

Germany

Duy Thong Kieu

Vietnam

Ehtesham ul haq Karatela

Pakistan

Henry Munoz

Columbia

Hongyang Zhang

China

Hossein Bineshian

Iran

Ida Hooshyari-Far

Iran

Iman Rostamsowlat

Iran

Iuliia Karachevtseva

Ukraine

Jiayi Xu

China

Kai Fu Kevin Ung

Malaysia

Katherine Stoate

Australia

Konstantin Tertyshnikov
Laura Rollison
Le Van Anh Cuong

Masood Mostofi

DET CRC September 2018

Russia
Australia
Vietnam

Iran

University of Adelaide
(Geology)
University of Adelaide
(Geology)
University of Adelaide
(Geology)
Curtin (Petroleum
Engineering)
Curtin (Exploration
Geophysics)
Curtin (Exploration
Geophysics)
University of Adelaide
(Engineering)
University of Adelaide
(Engineering)
Curtin (Petroleum
Engineering)
University of Western Austraila
Curtin (Exploration
Geophysics)
Curtin (Petroleum
Engineering)
University of Western Austraila
University of Adelaide
(Engineering)
Curtin (Exploration
Geophysics)
University of Adelaide
(Geology)
Curtin (Exploration
Geophysics)
University of Adelaide
(Geology)
Curtin (Exploration
Geophysics)
Curtin (Petroleum
Engineering)

GRADUATE DESTINATION

Designing laminate composites to house electronic sensors for drill pipe applications

Materials Scientist, Globaltech

Gary Cavanough, Kelvin Brown (Imdex) Design of a new downhole motor for coiled tubing drilling in mineral exploration applications

Curtin (Exploration
Geophysics)

Andrew Greenwood

PROJECT TITLE

Anton Kepic, Brett Harris, Roman
Pevzner, Christian Dupuis

Application of vertical seismic profiling for characterisation of hard rock

Analysis of rock performance under three-dimensional stress to predict instability in deep boreholes
David Chittleborough, Steve Hill (DSD) Regolith and associated mineral systems of the Eucla Basin, South Australia

Mohammad Sarmadivaleh, Reem
Roufail, Phil Teakle (Teakle
Composites)
Brett Harris, M. Carson, Anousha
Hashemi (BHP)
Erik Takam, Brett Harris, Anousha
Hashemi (BHPB)
Chaoshui Xu, Gregor Stevenson
(BHPB)

Mechanical Engineer, Imdex

Postdoctoral researcher, Université de Lausanne, Switzerland
Postdoctoral Research Fellow, Department of Engineering Science, University
of Oxford
Studying physiotherapy at University of South Australia

Seismic while-drilling (SWD) imaging using seismic interferometry
The geochemistry of the deep cover to the landsurface at the Tunkillia Gold Prospect and surrounding region, Central
Gawler Craton, SA
Lateral and vertical geochemical dispersion in deep cover: 4D landscape geochemistry and biogeochemistry of the
Barrier Ranges

Halliburton Singapore
Postdoctoral researcher, DET CRC, Future Industries Institute, University of
South Australia
Job searching

Process Constraints on the Giant IOCG Mineral System of the Eastern Gawler Craton

PhD

1.1

Brian Evans

PhD

2.2

Anton Kepic

PhD

2.4

Anton Kepic

PhD

1.3

Abbas Taheri

PhD

1.3

Emmanuel Chanda

Chaosui Xu, Don Grant (BHP)

Rock Strength and Deformability Characterisation and Assessment for Drilling Performance Estimation

Postdoctoral researcher, University of Tokyo, Japan

PhD

1.1

Brian Evans

Masood Mostofi, John Brocklesby
(AngloAmerican)

Experimental and numerical simulations of particle tracking of hard rock cuttings in coil tubing drilling

Research Assistant, WASM: Minerals, Energy and Chemical Engineering,
Curtin University

PhD

1.2

Arcady Dyskin

PhD

2.2

Anton Kepic

PhD

1.2

Brian Evans

PhD

1.1

Elena Pasternak

PhD

1.2

Abdul Hamid Sheikh

PhD

3.1

Andrej Bona

PhD

3.3

David Giles

PhD

3.1

Roman Pevzner

PhD

3.3

David Giles

PhD

PhD

2.4

1.2

Brett Harris

Vamegh Rasouli
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Elena Pasternak

Evaluation and Selection of an Optimum Material for Coil Tubing as a Drilling Technology for Mineral Exploration

Job searching

Integration of geochemical and geophysical data for down-hole rock mass characterisation
Inversion of multiple geophysical data sets using petrophysical constraints
Study on borehole stability in fractured rocks in deep drilling conditions

Effects of bending moment on failure mechanisms in the cutting process

Mike Carson, Anousha Hashemi (BHP) Gamma ray spectroscopy and time domain induction for logging while drilling in mineral exploration
Masood Mostofi, Thomas Richard
(Epslog)
Arcady Dyskin, Karol Miller, Soren Soe
(DET CRC)
Chaoshui Xu, Chris Lambert (Boart
Longyear)
Andrew Squelch, Mahyar Madadi, Sara
Jakica (HiSeis)
Justin Payne, Steve Hill (DSD)

Effect of cutter and rock properties on the frictional contact in rock cutting with blunt tools

Geologist/Geophysicist, Newexco

Lecturer, Hanoi University of Mining and Geology
Job searching

Deputy Consultancy Head, Geodata, Italy
Self-employed consultant
Job searching
Analyst in Business Improvement, Rio Tinto

Finite element analysis of inpregnated diamond drilling bits

Job searching

Redatuming to improve hard rock seismic data

Geophysicist, DownUnder GeoSolutions

Landscape evolution, geochemistry and biogeochemistry of Kangaroo Island

Graduate, Department of Industry, Innovation and Science
Research Fellow, WASM: Minerals, Energy and Chemical Engineering, Curtin
University

Sedimentology, stratigraphy and geochemistry of the Pandurra Formation

Eric Takan, Anton Kepic, Lee Sampson
Joint inversion by magnetotelluric and seismic data
(Barrick)
Thomas Richard, Luiz Franca, John
Emerson (BHP)

·

Friction and rock fragmentation in the presence of vibrations

Milovan Urosevic, Andrej Bona, Vassili
Seismic imaging in hard rock environments
Mikhaltsevitch
Caroline Tiddy

Lecturer, WASM: Minerals, Energy and Chemical Engineering, Curtin University

Lecturer, University of South Australia
Lecturer, Ho Chi Minh City University of Science - Vietnam National University

Drilling Response of Impregnated Diamond Bits: Modelling and Experimental Investigations
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Lecturer, WASM: Minerals, Energy and Chemical Engineering, Curtin University
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CO SUPERVISOR(S)

Russia

University of Western Austraila

PhD

1.1

Elena Pasternak

Mohammad (Javad) Khoshnavaz

Iran

Curtin (Exploration
Geophysics)

PhD

3.1

Milovan Urosevic

Mohammadreza Kamyab

Iran

PhD

1.1

Vamegh Rasouli

PhD

3.1

Milovan Urosevic

PhD

3.2

Cristiana Ciobanu

PhD

1.2

Murat Karakus

Peter Kanck (Boart Longyear)

PhD

2.4

Graham Heinson

Stephan Thiel, Xu Liu

PhD

1.3

Noune Melkoumian

Mark Jaksa (Uni Adelaide)

Muhammad Shahadat Hossain

Bangladesh

Roniza Ismail

Malaysia

Santiago Perez

Colombia

Sebastian Schnaidt

Germany

Seyedsaeid (Saeed) Hashemi

Iran

Siamak Mishani

Iran

Siavash Doshvarpassand

India

Sinem Yavuz

Turkey

Stephanie McLennan

Australia

Verity Normington

Australia

Vladimir Bossilkov

Australia

Xianqun He

China

Curtin (Petroleum
Engineering)
Curtin (Exploration
Geophysics)
University of Adelaide
(Geology)
University of Adelaide
(Engineering)
University of Adelaide
(Geology)
University of Adelaide
(Engineering)
Curtin (Petroleum
Engineering)
Curtin (Petroleum
Engineering)
Curtin (Exploration
Geophysics)
University of Adelaide
(Geology)
University of Adelaide
(Geology)
Curtin (Exploration
Geophysics)
University of Adelaide
(Engineering)

PROJECT TITLE

Arcady Dyskin, Karol Miller, Soren Soe
Fracture pattern formation and wave propagation in particulate materials with rotational degrees of freedom
(DET CRC)
Andrej Bona, Don Pridmore (HiSes)

Coherency based time-domain imaging algorithms

Australia

Eline Baudet

France

Evans Onojasun Okan

Nigeria

Felix Menu

Ghana

Keryn Wolff

Australia

Khairi Harith

Malaysia

Massoud Bayati

Iran

Mohamed Hesham Elshall

Egypt

Pouya Ahmadi

Iran

Prabhu Elango

India

Stuart Addinell

Australia

Suchay Yalamanchi

India

Yuan Xu

China

Bangladesh

Zubair Ahmed
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University of Adelaide
(Geology)
University of Adelaide
(Geology)
Curtin (Exploration
Geophysics)
Curtin (Exploration
Geophysics)
University of Adelaide
(Geology)
Curtin (Petroleum
Engineering)
Curtin (Petroleum
Engineering)
Curtin (Petroleum
Engineering)
Curtin (Exploration
Geophysics)
Curtin (Petroleum
Engineering)
Curtin (Petroleum
Engineering)
Curtin (Petroleum
Engineering)

Acoustic analysis of rock cutting process for impregnated diamond drilling
Improving uncertainty estimation in geophysical inversion modelling
Drilling and Maintaining Stable Boreholes in Unconsolidated Rock Formations

PhD

1.1

Brian Evans

Mostofi, Lagat, Sarmadivaleh

Masters

1.1

Masood Mostofi

Thomas Richard (Epslog)

PhD

3.1

Milovan Urosevic

Andrej Bona, Roman Pevzner

PhD

3.3

David Giles

Karin Barovich, Steve Hill (DSD)

Sedimentation and geochemistry of the Loxton-Parilla Sands in the Murray Basin, southeastern Australia

PhD

3.3

David Giles

Caroline Tiddy, Steve Hill (DSD)

Characterisation of late Palaeozoic glacigene sedimentary rocks of the Troubridge and Arckaringa basins and
implications for paleogeographic reconstructions of late Palaeozoic SA

Masters

2.2

Anton Kepic

Maxim Lebedev, Anna Podolska,
Gordon Stewart (Globaltech)

Frequency-Domain Fibre Optic Pressure Sensors for Geophysical Applications

PhD

1.2

Chaoshui Xu

PhD

3.3

David Giles

Steve Hill (DSD)

PhD

3.2

David Giles

Caroline Tiddy, Steve Hill (DSD)

PhD

3.1

Anton Kepic

PhD

3.1

Anton Kepic

PhD

3.3

David Giles

Caroline Tiddy, Steve Hill (DSD)

Masters

1.1

Masood Mostofi

Frank Samani (Curtin)

PhD

1.1

Brian Evans

PhD

1.1

Masood Mostofi

Investigation of fatigue failure in composite versus steel coiled tube for application in mine site drilling
Investigation into the effect of groove geometry on rock cutting
Seismic characterization of volcanogenic massive sulfides - The Semblana Orebody, Portugal

Micromechanical modelling of rock cutting by diamond impregnated drill bits

Mineralogy and geochemical footprint of the Bulldog Shale, Eromanga Basin, Australia: A new way to explore under
deep cover

Landscape Geochemistry of Yorke Peninsula Deep Cover
Fluid and Cutting Loss Control in Coiled Tubing Drilling

Masood Mostofi, Mohammad
Fluid Flow Controlled Instability Mechanism: Borehole Erosion
Sarmadivaleh
Thomas Richard, Chris Lambert (Boart
Fundamental Study of Drilling Action of Impregnated Diamond Bits
Longyear)
Andrej Bona, Konstantin Tertyshnikov,
Feasibility of multicomponenet seismic for mineral exploration
Louis Polome (Anglo-American)

PhD

3.1

Milovan Urosevic

1.1

Masood Mostofi

Reza Rezaee

PhD

1.1

Brian Evans

John Brocklesby (AngloAmerican)

Masters

1.1

Masood Mostofi

Thomas Richard (Epslog)

University of Western Austraila

PhD

1.1

Arcady Dyskin

Curtin (Exploration
Geophysics)

PhD

3.2

Maxim Lebedev
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The Regolith Expression of Iron Oxide Copper Gold Mineralisation in the southern Olympic Domain, SA

Milovan Urosevic, Peter Williams
Feasibility of using seismic reflection surveys to discover iron oxide copper gold deposits in the Gawier Craton
(HiSeis)
Milovan Urosevic, Eric Takam, Andrew
Ore-Body Delineation using borehole seismic techniques for hard rock exploration
Greenwood

Masters

Client Consultant, Nielsen, Russia
Job searching

Gary Cavanough, Swapan Mandal
A study of cuttings transport in micro-borehole coiled tubing for mineral exploration drilling
(Imdex)
Roman Pevzner, Andrej Bona, Anton
Volumetric interpretation of 3D hard rock seismic data
Kepic
Spatial-Temporal Evolution of Skarn Alteration in IOCG Systems: Evidence from Petrography, Mineral Trace Element
Nigel Cook
Signatures and Fluid Inclusion Studies at Hillside, Yorke Peninsula, South Australia

Current Students
Byron Dietman

GRADUATE DESTINATION

Shale Inhibition and Encapsulation while Coiled Tube Drilling
The application of water powered DTH percussive hammers to deep mineral exploration
Efects of drilling fluid on the drilling action of ID bits

Guowei Ma, Soren Soe (DET CRC),
Borehole stability and its monitoring
Swapan Mandal (Imdex)
Mahyar Madadi, Stanislav
Glubokovskikh, Yulia Uvarova (CSIRO), Rock characterisation using physical methods on powders
Aaron Baensch (Olympus)
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Drilling engineer researcher and software developer, Corva, Perth, Australia
Sessional Academic, WASM: Minerals, Energy and Chemical Engineering,
Curtin University
Lecturer, Geoscience Department, Universiti Malaysia Kelantan
Lecturer, National University of Colombia - Medellin Campus
Geophysicist, DownUnder GeoSolutions
Lecturer, Central Queensland University
Research Fellow, WASM: Minerals, Energy and Chemical Engineering, Curtin
University
Undertaking a PhD at Curtin University
Research Associate, WASM: Minerals, Energy and Chemical Engineering,
Curtin University
Graduate, Geoscience Australia
Project geologist, Northern Territory Geological Survey
Studying teaching at Curtin University
Lecturer, Central South University of China
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Exit Report – Appendix Ii
STUDENT
Stephanie McLennan

DEGREE
PhD

UNI
UoA

YEAR
2011

AWARD
PDAC Prize

RECOGNISED FOR
Thesis presentation

RECEIVED
Trip to PDAC, Toronto

Amir Mokaramain
Amir Mokaramain
Amir Mokaramain
Andrew Greenwood

PhD
PhD
PhD
PhD

Curtin
Curtin
Curtin
Curtin

2012
2012
2013
2013

PDAC Prize
MERIWA Scholarship
MERIWA Scholarship
DET CRC Prize

Thesis presentation

Trip to PDAC, Toronto
$10k
$10k

Andrew Greenwood

PhD

Curtin

2013

ASEG Research Foundation Grant

Charlotte Mitchell
Keryn Wolff
Keryn Wolff

PhD
PhD
PhD

UoA
UoA
UoA

2013
2013
2013

Masood Mostofi

PhD

Curtin

2013

SAEMC poster prize - 1st place
SAEMC poster prize - 3rd place
American Institute of Professional Geologists 50th Annual
Conference - 1st place
MERIWA Scholarship

Mohammadreza Kamyab

PhD

Curtin

2013

MERIWA Scholarship

Sebastian Schnaidt
Conny Kitzig
Ehtesham Ul Haq Karatela

PhD
PhD
PhD

UoA
Curtin
UoA

2013
2014
2014

PDAC Prize
ASEG Research Foundation Grant
Society of Petroleum Engineers (SPE) star fellowship

Thesis presentation

Masood Mostofi

PhD

Curtin

2014

Dean's Commendation for Doctoral Thesis Excellence

Excellence in research and thesis presentation

Mohammad Hossain
Sinem Yavuz
Stuart Adinell
Eline Baudet
Maxim Esin
Santiago Perex
Yuan Xu

PhD
PhD
PhD
PhD
Masters
PhD
PhD

Curtin
Curtin
Curtin
UoA
UWA
UoA
UWA

2014
2014
2015
2016
2016
2016
2016

Thesis presentation

Zubair Ahmed
Henry Munoz

PhD
PhD

Curtin
UoA

2016
2017

PDAC Prize
ASEG Research Foundation Grant
PDAC Prize
PDAC Prize
Dean's List - Honourable Mention
Dean's Commentations for Academic Excellence
Best Student Presentation SIF2016 conference (Stuctural Integrity
and Failure)
ASEG Research Foundation Grant
Dean's Commendation for Doctoral Thesis Excellence

Petr Lebedev
Prabhu Elango

Hons
PhD

Curtin
Curtin

2017
2017

Iman Rostamsowlat
Hongyang Zhang

PhD
PhD

Curtin
Curtin

2017
2017

Best Student Presentation WA ASEG student night
Institute of Materials, Minerals and Mining (IOM3) Young Persons'
Lecture Competition
Chancellor's letter of commendation
PDAC Prize

Excellence in presentation as voted by members present
Winner. Now goes on to compete at International IOM3 Young Persons'
Lecture Competition
Excellence in research and thesis presentation
Thesis presentation
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First refereed publication by DET CRC student carrying the DET CRC byline

ADVERTISED IN
Explore, Jan 2012; 2011-2012 Annual Report; 2012-2013 Annual
Report
Explore, Feb 2013; 2012-2013 Annual Report
Explore, Apr 2012
Explore, Apr 2013; 2012-2013 Annual Report
Explore, Feb 2013

$8.8k per year for two years
Best poster presentation
Best poster presentation
Best Poster Presentation

Cash prize
Cash prize
Cash prize

Explore, Feb 2014; 2013-2014 Annual Report
Explore, Feb 2014; 2013-2014 Annual Report
Explore, Feb 2014; 2013-2014 Annual Report

$10k

Explore, Feb 2014; 2012-2013 Annual Report; 2013-2014 Annual
Report
Explore, Feb 2014; 2012-2014 Annual Report; 2013-2014 Annual
Report
2013-2014 Annual Report

$10k
Trip to PDAC, Toronto
$8.8k per year for two years

Explore, Aug 2014

Trip to PDAC, Toronto
$8.8k per year for two years
Trip to PDAC, Toronto
Trip to PDAC, Toronto

Thesis presentation
Thesis presentation
Excellence in research and thesis presentation
Excellence in research and thesis presentation

$8.8k per year for two years
Excellence in research and thesis presentation
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$250

Trip to PDAC, Toronto

Explore, Jan 2015; Explore, May 2015; 2014-2015 Annual Report
Explore, Feb 2016; Explore, May 2016; 2015-2016 Annual Report
Explore Nov 2016;
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Requiements for Exiting CRCs – Final Annual Report

The Wind-Up Plan (section 6.1) and Exit Report (section 6.2) Sections have been fully updated to make current
at time of writing. There were no material changes from the previous Wind-Up Plan submitted to the CRC
Program in May 2017 nor to the previous Exit Report which was provided with the 2017 Annual Report.
Addressing each of the specific requests contained in the Annual Report Guidelines as follows:
Any changes to the completion of CRC activities (research; commercialisation, education and training)
None.
Any changes to the planned arrangements for IP, asset, capital item and tax management;
None.
Any changes to the planned budget;
No material changes, projected surplus (to be transferred to MinEx CRC) is ~$112K (was $109K at May 2017
with version 1 of the Wind-Up Plan).
Details of any income or expenditure after the period covered in the Audited Financial Statements on the
Account;
The Projected income and expenditure for the period after 30 June 2018 was accrued with Audited Financial
Statements. This included ~$1K of income (interest), $214K of expenses (wages, professional fees) and $112K
projected surplus for distribution to MinEx CRC.
A final balance for the Account and details of any amounts still to be paid out of the Account
Final balance of the account will be $Nil. At the time of writing some final employee oblgations and IP related
costs remain to be paid (all provisioned) along with the final distribution to MinEx CRC.
Any other issues as directed by the department.
In addition to the Opinion on the Financial Statement and Tables, DET CRC’s auditor has provided an Opinion
on a statement of income and expenditure for the life of the DET CRC (2010-2018). This is to address a request
from the CRC Program (in letter dated 3 May 2018) for “a statement specifically made by the auditor, that the
funds (sic: surplus DET CRC funds being transferred to MinEx CRC) legitimately derive from residual CRC funds
and uncommitted interest earnings”.
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Publications as Defined in Question 2.1 of the MDQ
Articles in scholarly refereed journals
Doshvarpassand, S., Richard, T. and Mostofi, M. (2017). Effect of groove geometry and cutting edge in rock
cutting. Journal of Petroleum Science and Engineering, v. 151, pp. 1-12
Egorov, A., Correa, J., Bóna, A., Pevzner, R., Tertyshnikov, K., Glubokovskikh, S., Puzyrev, V. and Gurevich, B.
(2018). Elastic full-waveform inversion of vertical seismic profile data acquired with distributed acoustic sensors.
Geophysics, v. 83(3), pp. R273-R281
Hill, E.J. and Uvarova, Y. (2018). Identifying the nature of lithogeochemical boundaries in drill holes. Journal of
Geochemical Exploration, v. 184, pp. 167-178
Karatela, E. and Taheri, A. (2018). Three-dimensional hydro-mechanical model of borehole in fractured rock
mass using discrete element method. Journal of Natural Gas Science and Engineering, v. 53, pp. 263-275
Khoshnavaz, M.J., Bóna, A. and Urosevic, M. (2018). Post-stack diffraction imaging in vertical transverse
isotropy media using non-hyperbolic moveout approximations. Geophysical Prospecting, v. 66(2), pp. 273-281
Le Vaillant, M., Hill, J. and Barnes, S.J. (2017). Simplifying drill-hole domains for 3D geochemical modelling: An
example from the Kevitsa Ni-Cu-(PGE) deposit. Ore Geology Reviews, v. 90, pp. 388-398
Munoz, H. and Taheri, A. (2017). Specimen aspect ratio and progressive field strain development of sandstone
under uniaxial compression by three-dimensional digital image correlation. Journal of Rock Mechanics and
Geotechnical Engineering, v. 9(4), pp. 599-610
Uvarova, Y.A., Pearce, M.A., Liu, W., Cleverley, J.S. and Hough, R.M. (2018). Geochemical signatures of
copper redistribution in IOCG-type mineralisation, Gawler Craton, South Australia. Mineralium Deposita, v. 53(4),
pp. 477-492
Wolff, K., Hill, S.M., Tiddy, C., Giles, D. and Smernik, R.J. (2018). Biogeochemical expression of buried ironoxide-copper-gold (IOCG) mineral systems in mallee eucalypts on the Yorke Peninsula, southern Olympic
Domain; South Australia. Journal of Geochemical Exploration, v. 185, pp. 139-152
Wolff, K., Tiddy, C., Giles, D., Hill, S.M. and Gordon, G. (2017). Distinguishing pedogenic carbonates from
weathered marine carbonates on the Yorke Peninsula, South Australia: Implications for mineral exploration.
Journal of Geochemical Exploration, v. 181, pp. 81-98
Mostofi, M., Richard, T., Franca, L and Yalamanchi, S. (2018). Wear response of impregnated diamond bits,
v.410-411, pp. 34-42
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DET CRC September 2018

Annual Report 2017 - 2018

-1-

DET CRC September 2018

Annual Report 2017-2018

-1-

Student Register as at June 2018
STUDENT

UNIVERSITY

DEGREE

PROJECT TITLE

U of A
U of A

PRINCIPAL
SUPERVISOR
David Giles
David Giles

Byron Dietman
Eline Baudet

PhD
PhD

Evans Onojasun Okan

Curtin

Anton Kepic

PhD

Felix Menu
Ida Hooshyari-Far
Keryn Wolff
Khairi Harith
Massoud Bayati
Mohamed Hesham Elshall
Pouya Ahmadi
Prabhu Elango
Stuart Addinell
Suchay Yalamanchi
Yuan Xu
Zubair Ahmed

Curtin
Curtin
U of A
Curtin
Curtin
Curtin
Curtin
Curtin
Curtin
Curtin
UWA
Curtin

Anton Kepic
Anton Kepic
David Giles
Masood Mostofi
Brian Evans
Masood Mostofi
Milovan Urosevic
Masood Mostofi
Brian Evans
Masood Mostofi
Arcady Dyskin
Maxim Lebedev

PhD
PhD
PhD
MSc
PhD
PhD
PhD
MSc
PhD
MSc
PhD
PhD

The Regolith Expression of Iron Oxide Copper Gold Mineralisation in the southern Olympic Domain, SA
Mineralogy and geochemical footprint of the Bulldog Shale, Eromanga Basin, Australia: A new way to
explore under deep cover
Feasibility of using seismic reflection surveys to discover iron oxide copper gold deposits in the Gawler
Craton
Ore-Body Delineation using borehole seismic techniques for hard rock exploration
Gamma ray spectroscopy and time domain induction for logging while drilling in mineral exploration
Landscape Geochemistry of Yorke Peninsula Deep Cover
Fluid and Cutting Loss Control in Coiled Tubing Drilling
Fluid Flow Controlled Instability Mechanism: Borehole Erosion
Fundamental Study of Drilling Action of Impregnated Diamond Bits
Feasibility of multicomponent seismic for mineral exploration
Shale Inhibition and Encapsulation while Coiled Tube Drilling
The application of water powered DTH percussive hammers to deep mineral exploration
Efects of drilling fluid on the drilling action of ID bits
Borehole stability and its monitoring
Rock characterisation using physical methods on powders
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1.1
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1.1
3.1
1.1
1.1
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Postgraduate Student Completions During the Reporting Period
STUDENT

UNIVERSITY

PRINCIPAL
SUPERVISOR

DEGRE
E

PROJECT TITLE

DET CRC
PROJECT

Iman Rostamsowlat
Siavash Doshvarpassand
Muhammad Hossain
Siamak Mishani
Le Van Anh Cuong
Duy Thong Kieu

Curtin
Curtin
Curtin
Curtin
Curtin
Curtin

Brian Evans
Masood Mostofi
Milovan Urosevic
Brian Evans
Brett Harris
Anton Kepic

PhD
MSc
PhD
PhD
PhD
PhD

Effect of cutter and rock properties on the frictional contact in rock cutting with blunt tools
Investigation into the effect of groove geometry on rock cutting
Volumetric interpretation of 3D hard rock seismic data
Investigation of fatigue failure in composite versus steel coiled tube for application in mine site drilling
Joint inversion by magnetotelluric and seismic data
Inversion of multiple geophysical data sets using petrophysical constraints

1.2
1.1
3.1
1.1
2.4
2.4

Verity Normington

U of A

David Giles

PhD

3.3

Kai Fu Kevin Ung
Ehtesham ul haq Karatela
Iuliia Karachevtseva
Hongyang Zhang

Curtin
U of A
UWA
Curtin

Andrej Bona
Dr Abbas Taheri
Elena Pasternak
Brian Evans

PhD
PhD
PhD
PhD

Characterisation of late Palaeozoic glacigene sedimentary rocks of the Troubridge and Arckaringa basins
and implications for paleogeographic reconstructions of late Palaeozoic South Australia
Redatuming to improve hard rock seismic data
Study on borehole stability in fractured rocks in deep drilling conditions
Elastic dynamics of frictional sliding
Experimental study of cuttings transport in coiled tube micro-borehole drilling

Cornelia Kitzig
Cheng Lin Yang

Curtin
U of A

Anton Kepic
David Giles

PhD
PhD

Integration of geochemical and geophysical data for down-hole rock mass characterisation
Process Constraints on the Giant IOCG Mineral System of the Eastern Gawler Craton, Australia

2.2
3.4
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Appendix C: Honours and MSc Students as at June 2018
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Honours and MSc Student Completions During the Reporting Period
YEAR

STUDENT NAME

DEGREE

SUPERVISORS

2017
2017
2017
2017

Logan Savill
Tony Trifunoski
Shaun Yancazos
Eu Kean Lim

Honours
Honours
Honours
Honours

M. Mostofi
M. Mostofi
M. Mostofi
M. Mostofi

DET CRC September 2018

PROJECT TITLE
Drilling Fluid Solid Removal: Characterising Performance of Hydro Cyclones
Investigating the application of reactive polymer to control fluid loss
Drilling Fluid Pressure Drop Analysis in Coiled Tubing
The study of polymer drilling fluid solutions
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Curtin University
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Curtin University
Curtin University
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Domestic Collaboration
ORGANISATION NAME
Anglo American

PARTICIPANT TYPE
Participant

ORGANISATION TYPE
Mining Company

BHP Billiton

Participant

Mining Company

Boart Longyear

Participant

Services/Suppliers

CSIRO

Participant

Research Organisation

Curtin University

Participant

University

Geological Survey of South
Australia

Participant

Government

Imdex Limited

Participant

Services/Suppliers

DET CRC September 2018

DESCRIPTION
Technical input to projects via SSC
PhD student supervision
Technical input to projects via SSC and Project Review Chair roles
PhD student supervision
MinEx CRC Bid
Technical input to projects via SSC
Project Party providing staff and non-staff contributions to various Projects
Commercialiser of DET CRC IP – AutoSonde, AutoShuttle, Wireless Sub & Drilling Optimisation
Software
Technical input to projects via SSC
Project Party providing staff and non-staff contributions to various Projects.
PhD student supervision
Nevada RoXplorer® drilling trials collaborator
MinEx CRC Bid
Technical input to projects via SSC
Project Party providing staff and non-staff contributions to various Projects
PhD student hosting and supervision
Nevada RoXplorer® drilling trials collaborator
MinEx CRC Bid
Technical input to projects via SSC
Project Party providing staff and non-staff contributions to Project 3.4
PhD student supervision
MinEx CRC Bid
Technical input to projects via SSC
Project Party providing staff and non-staff contributions to various Projects
Commercialiser of DET CRC IP – IOCG Prospectivity Index, Lab-at-Rig®, Wavelet Tessellation and
CT Drilling System
PhD student supervision
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University of Adelaide

Participant

University

Vale
Geoscience Australia

Participant
Other Participant

Mining Company
Government

Olympus Australia

Other Participant

Services/Suppliers

University of South Australia

Other Participant

University

University of Western Australia

Other Participant

University

Bureau Veritas

Affiliate

Services/Suppliers

Esplog

Affiliate

Services/Suppliers

Nevada RoXplorer® drilling trials collaborator
MinEx CRC Bid
Technical input to projects via SSC
Project Party providing staff and non-staff contributions to various Projects
PhD student hosting and supervision
MinEx CRC Bid
Technical input to projects via SSC and Project Review Chair roles
Technical input to projects via SSC and Project Review Chair roles
MinEx CRC Bid
Technical input to projects via SSC
Project Party providing staff and non-staff contributions to Project 3.2
Commercialiser of DET CRC IP - SwiftMin
PhD student supervision
MinEx CRC Bid
Project Party providing staff and non-staff contributions to Project 3.2
PhD student hosting and supervision
Nevada RoXplorer® drilling trials collaborator
MinEx CRC Bid
PhD student hosting and supervision
MinEx CRC Bid
Technical input to projects via SSC and Project Review Chair roles
PhD student supervision
PhD student supervision

Geological Survey of NSW

Affiliate

Government

MinEx CRC Bid

Geological Survey of WA

Affiliate

Government

MinEx CRC Bid

Globaltech Corporation

Affiliate

Services/Suppliers

HiSeis

Affiliate

Services/Suppliers

Minotaur Exploration
Sandvik
AMIRA
Bayleen Filters

Affiliate
Affiliate
Non-participant
Non-participant

Mining Company
Services/Suppliers
Industry Association
Services/Suppliers

Project Party providing staff and non-staff contributions to Project 2.2
Technical input to projects via SSC
PhD student supervision
Commercialiser of DET CRC IP: Seismic Software and Hydrophone Baffle
MinEx CRC Bid
Technical input to projects via SSC and Project Review Chair role
Technical input to projects via SSC
Coordination of DET CRC’s Affiliate Program
Nevada RoXplorer® drilling trials collaborator
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CST Composites
Elementia Consulting
MRIWA
Omnilogix
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Non-participant
Non-participant
Non-participant
Non-participant

Services/Suppliers
Services/Suppliers
Government
Services/Suppliers

3-

Technical input to Project 1.1 with respect to composite materials research
Technical input to Project 3.2 with respect to software development
MinEx CRC Bid
Technical input to Project 1.1 including provision of full time seconded staff member
Nevada RoXplorer® drilling trials collaborator

Annual Report 2017-2018

-3-

DET CRC September 2018

Annual Report 2017 - 2018

-1-

Appendix E: International Collaboration

DET CRC September 2018

Annual Report 2017 - 2018

-1-

DET CRC September 2018

Annual Report 2017-2018

-1-

International Collaboration
ORGANISATION NAME
Anglo American

PARTICIPANT TYPE
Participant

ORGANISATION TYPE
Mining Company

COUNTRY
South Africa

Barrick Gold

Participant

Mining Company

Canada & USA

Boart Longyear
Vale
Wassara
Sandvik
DataDrill
Epiroc
Geotec Boyles
National Drilling
Power Hydraulics
Tenaris Coiled tubing
Tempress Technologies
Thru Tubing
University Laval

Participant
Participant
Affiliate
Affiliate
Non-participant
Non-participant
Non-participant
Non-participant
Non-participant
Non-participant
Non-participant
Non-participant
Non-participant

Services/Suppliers
Mining Company
Services/Suppliers
Services/Suppliers
Services/Suppliers
Services/Suppliers
Services/Suppliers
Services/Suppliers
Services/Suppliers
Services/Suppliers
Services/Suppliers
Services/Suppliers
University

USA
Canada
Sweden
Sweden
USA
Sweden
Chile
USA
USA
USA
USA
USA
Canada
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DESCRIPTION
Technical input to projects via SSC and Project Review Chair role
Provision of samples to assist Lab-at-Rig® Futures Project
Nevada RoXplorer® drilling trials collaborator
Pre-commercial trials of Lab-at-Rig®
Technical input to projects via SSC, PhD student supervision
MinEx CRC Bid
Technical input to projects via SSC, PhD student supervision
Technical input to projects via SSC
Collaboration on the development of hammer technologies for CT Rig
MinEx CRC Bid
Collaboration on the development of down hole data capture for CT Rig
MinEx CRC Bid
MinEx CRC Bid
Nevada RoXplorer® drilling trials collaborator
Collaboration on the development of reel for CT Rig
Collaboration on the development of Coiled tubing
Collaboration on the development of turbines for CT Rig
Collaboration on the development of down hole tooling for CT Rig
Sensor design for AutoSonde and AutoShuttle
PhD student supervision
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