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CROSSING THE GREAT DIVIDE: 
BALANCING IMAGINATION & APPLICATION 

IN RESEARCH

• The nature of mining research, has it changed?

• Mining in the future



BHP DATA FROM 15 YEARS AGO: A LINEAR PROCESS
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MINERAL PROCESSING FACES SOME EXTREME CHALLENGES.
WILL INCREMENTAL IMPROVEMENT BE ENOUGH?

Let’s look at copper

Source: http://www.bhp.com/-/media/bhp/documents/investors/news/2015/151201_coppersitetourday1.pdf?la=en 



EXPLORATION SEEMS UNLIKELY TO REVERSE THE TREND
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Source: Schodde, R.C., 2018. MinEx Consulting. Private communication.



DECREASING GRADE ENTAILS MORE ENERGY

Source: http://metallurgium.com/pdf/JOM%20Energy%20Hydromet%202008%20rev5.pdf 



DECLINING GRADE HAS BEEN THE MAIN DRIVER OF 
INCREASING SIZE  OF FLOTATION PLANT

Source: https://repository.tudelft.nl/islandora/object/uuid:660e58d7-a82d-46d9-a8ff-1bfba42b2b05/datastream/OBJ. 



IS AUTOMATION, DEEP DATA, DATA ANALYTICS ENOUGH?

Productivity gains seen through:

• Automation and data mining

• New technologies

• Ever increasing scale

Source: https://i.ytimg.com/vi/MitWW_cT7M4/maxresdefault.jpg 



DESPITE THE 100 YEAR MARCH OF DECREASING COSTS, 
SOME SEE LITTLE IMPROVEMENT IN THE FUTURE

Source: http://www.bhp.com/-/media/bhp/documents/investors/news/2015/151201_coppersitetourday1.pdf?la=en 



SO, DO FAST FOLLOWERS BEAT FIRST LEADERS?

John Marsden. Plenary lecture:

“Technological Innovation and Sustainable Competitive 
Advantage in the Copper Industry – Real or Imaginary?”

• 100 years of analysis of 20+ innovations in the copper industry
• Most took 30+ years before half the industry followed
• First movers had NPV positive results > industry returns
• Fast followers also superior but not as great as first movers



MORE GENERALLY, HAS MINING RESEARCH CHANGED?

• Addressing the challenges, note the efforts in 
”open innovation”
o A string of CRC’s
o The Rio Tinto $55m, Alcoa $55m, Apple $13m, Canada 

$60m, Quebec $60m investment in carbon free aluminium 
production

• And investment in “rapid innovation”
o CRCORE – a prime example
o Many others, particularly in China



And now, mining in the future

How brave do we need to be?

Can we balance imagination and application?



THE ULTIMATE STEP: ISR

In-situ recovery (ISR):  a mining process used to recover minerals 

through boreholes drilled into a deposit, in situ

Source: CSIRO In-situ recovery symposium (May/June 2017)



WHY IS ISR ATTRACTIVE?

Source: CSIRO In-situ recovery symposium (May/June 2017)

Existing closures do not sterilize our best 
deposits of the future



ISR NOW A KEY PRODUCTION METHOD FORURANIUM
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STEPS TO ISR: BALANCING IMAGINATION AND APPLICATION

• Significantly reduced surface footprint

• Reduced mine transportation 
infrastructure - waste material remains in 
mine

• Smaller processing plant size due to 
higher grade feed and processing 
underground

• Reduction in tailings dam

• Modular production units with the 
ability to scale or contract as required

• Reduced energy



recovery

• Reduced material movement
• Underground extraction
• Selective (precision) mining
• Pre-concentration at the face
• Ore sorting technologies
• Underground modular plant



recovery

• Low to no material movement
• Underground extraction
• Fracturing ore in place underground
• Leaching  to extract ore



INDIVIDUAL PROGRESS ON TECHNOLOGY DEVELOPMENTS:

• Barrier technology (routine in oil and gas) both as barriers 
and to minimize short circuiting

• Designer bugs

• Eh-pH manipulation for primary sulphides

• Geophysics for real time tracking of lixiviate

• Chemical tracers and nanoparticles

• Automated small bore drilling for permeability control

• Flood irrigate (saturated or not…) to minimize pumping costs



CONCLUSION

• Mining in the future is now imaginable with almost no 
environmental footprint and much improved economics

• The individual steps necessary to prove up in place 
mining are being trialled commercially and supported by 
extensive R&D.  

• Rapid and open innovation are key to unlocking the 
future

• As John Marsden indicates, first movers are generally 
winners
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TECHNOLOGY UPTAKE – FAST FOLLOWERS

Source: John Marsden “Technological Innovation and Sustainable Competitive Advantage in the Copper Industry 
– Real or Imaginary?”. XXIX IMPC 2018, Moscow Russia. 19 September 2018



ISR IS NOT A SILVER BULLET

Precise geology, chemistry, rock 

properties, hydrogeology and other local 

factors combine so that ISR is not the 

“silver bullet” for all future opportunities.



SOME EXAMPLES OF GAME CHANGERS

Advances in blasting:

• Explosives now available from half to three times 

the relative bulk strength of ANFO 

• Electronic ignition soon to be wireless (regulatory 

hurdles noted)

• High fidelity blast models

Source: Stephen Boyce, Chief Mining Engineer Orica, Challenges and Opportunities in Creating Access to Values for In-Situ 
Recovery of Sub-Surface Resources Symposium, Uni of Adelaide, 9 Dec 2015



• Box hole to create free face

• Large diameter preconditioning blastholes

• All blastholes loaded from the draw point

• Could the concept be adopted for an 

insitu reactor ??

Source: Stephen Boyce, Chief Mining Engineer Orica, Challenges and Opportunities in Creating Access to Values for In-Situ 
Recovery of Sub-Surface Resources Symposium, Uni of Adelaide, 9 Dec 2015



LOW COST DRILLING, STEERING AND FRACCING

Source: CSIRO In-situ recovery symposium (May/June 2017)



MODELLING RAPIDLY IMPROVING

Source: CSIRO In-situ recovery symposium (May/June 2017)



• Under development/study is the use of microwaves, sonic 
waves, temperature gradients, high voltages, injectable 
explosives, percussion techniques, pulsed combustion et al. 

• One example:

NEW STIMULATION TECHNOLOGIES EMERGING

Source: Jacob Anderson, CEO/President NaturaFrac Inc



COPPER AND GOLD: THE TRAIL BLAZERS IN ELIMINATING MINERAL 
PROCESSING

Numerous examples of leaching in place after 
blasting
o Both primary and secondary sulphides
o Often after other mining completed

ISR commercial operations emerging

o Florence, Gunnison, Uralgidromed / Gumeshevskove

Source: Jacob Anderson, CEO/President NaturaFrac Inc



UNDERSTANDING OF SECONDARY PRODUCT FORMATION

Source: CSIRO In-situ recovery symposium (May/June 2017)



CASE STUDY: FLORENCE COPPER

•

•

Source: CSIRO In-situ recovery symposium (May/June 2017)



CASE STUDY: FLORENCE COPPER

• 2-year production test facility: pilot-scale demonstration

• 24 wells over 2 acres, 4 injection wells, 9 recovery wells, 4 geochemical 
sampling wells, 7 observation wells

• ‘99.5% water and 0.5% sulfuric acid, and similar in pH to household vinegar’

• SX/EW to manufacture 1–2 million pounds of 99.999% pure copper cathode

Source: CSIRO In-situ recovery symposium (May/June 2017)



Source: CSIRO In-situ recovery symposium (May/June 2017)



Source: CSIRO In-situ recovery symposium (May/June 2017)



crcore.org.au

Prof. Robin Batterham AO

University of Melbourne 
Kernot Professor of Engineering

Session 1ACCELERATING IMPACT


