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UNDERGROUND 
 
Coal Burst 
 
C25004 
Review of Australian and International Coal Burst 
Experience and Control Technologies 
 
University of New South Wales 
Ismet Canbulat 
 

Value:   $404,000 
Report Expected: February 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Patrick Tyrrell 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C26066 
Energy, Burst Mechanics Required for Coal Bursts 
and Energy Release Mechanisms 
 
University of New South Wales 
Ismet Canbulat 
Winton Gale 
 

Value:   $357,500 
Report Expected: February 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C27020 
Management of Coal Bursts and Pillar Burst in 
Deep Mines 
 
University of Adelaide 
Giang Nguyen 
Murat Karakus 
 

Value:   $380,240 
Report Expected: July 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
This project is developing coal burst mitigation methods. 
Using continuum mechanics principles, a new damage 
model is being developed for coal and pillar bursts in 
deep mines under high stress. This research will enable 
mine personnel to model and predict damage from coal 
bursts. 
 
In this second stage of the project all rock bust tests were 
completed, including confinement loss at various 
intermediate stress levels. The effects of destressing 
holes were investigated under the true triaxial loading 
system.  

C27041 
Ground Support Requirements in Coal Burst 
Prone Mines 
 
University of New South Wales 
Ismet Canbulat 
 

Value:   $150,000 
Report Expected: February 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C28009 
Advanced Fracture Propagation and Rupture 
Testing of Coal Measure Rocks Under Dynamic 
Condition to Replicate Coal Burst 
 
Monash University 
Amin Heidarpour 
 

Value:   $287,500 
Report Expected: February 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C28012 
Microfracture Analysis as a Trigger for Coal Bursts 
 
SCT Operations 
Winton Gale 
Yvette Heritage 
 

Value:   $498,000 
Report Expected: May 2024 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The aim of this project is to identify the nature of micro 
fabric in coal around structures such as dykes and faults 
relative to “normal” unstructured coal and the role of gas 
pressure in coal bursts. The project seeks to identify the 
mechanics of the process and provide a better 
understanding of risks, prediction and prevention of such 
coal burst events.  It was found in the original study that 
optical analysis method was beneficial for obtaining 
sample porosity, however not ideal for fracture network 
analysis. This extension will assess the 3D fracture 
network.  
 
The overall objective is to define the zones around dykes 
and faults in which the coal is structurally modified and 
capable of generating sufficient gas related energy to 
initiate a coal burst. This will be achieved by: 
• Digital CT scanning of coal block samples which have 

been selected at various distances from dykes and 
faults mapped in coal mines; 
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• Collation of results from project C28012 
(characterising the volumetric porosity) with those 
from this micro fracture geometry study; and  

• Assessment of the burst potential for the various 
geometries noted close and distant to dyke and fault 
structures. 

 
Samples have been collected from the mine site and have 
been submitted for CT scanning. Initial samples have 
been scanned, and an approach for scanning of the bulk 
samples is being refined.  
 
C29007 
Innovative Coal Burst System to Investigate the 
Influence of Confinement Loss and Pre-
Conditioning on Coal Burst Mechanism 
 
University of Adelaide 
Murat Karakus 
 

Value:   $329,000 
Report Expected: March 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C29010 
In-situ Stress Measurements using Cored 
Coal/Rocks for Coal Burst Management 
 
University of Adelaide 
Giang Nguyen 
Murat Karakus 
 

Value:   $228,600 
Report Expected: October 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
This project aims to develop and improve the method of 
stress measurement from the cored coal and rocks based 
on deformation rate analysis (DRA) and acoustic 
emission (AE). The field stress distribution along and 
ahead of the coal face will be identified with these 
methods. In return, the design and application of de-
stressing methods to reduce in-situ stress concentration 
will be explored for better coal burst management. 
 
During this quarter, we have prepared two manuscripts 
for journal publications. The first manuscript deals with 
the application of non-destructive techniques for in-situ 
stress measurement, while the second manuscript 
presents a method to minimise the effect of time delay 
on the tangent modulus method. Also, we prepared two 
conference papers, which summarised the results and 
finding from stress measurement and our study on the 
Hawkesbury sandstone specimens for which the 
remaining tests and some additional calibrations were 
completed. Currently, we are in the process of finalising 
the manuscripts for submission. 

Furthermore, our study on the scale effect and 
directional dependency has also made considerable 
headway. Calibration tests utilising Digital Image 
Correlation (DIC) have been completed, and we have 
performed several cyclic tests. We are currently 
analysing the data and are optimistic about the results. 
We anticipate finishing the lab work in the next two 
months and utilising the remaining time to analyse the 
results and share our findings with the scientific 
community. 
 

 
Figure 1. Prepared Gasford specimen and calibration 
tests for the study of scale showing initial DIC results. 
 
C29038 
Data Processing Strategy for Distributed Optic 
Fibre Sensing and Development of Methods for 
Real Time Data Processing 
 
CSIRO 
Joey Duan 
 

Value:   $196,460 
Report Expected: February 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C29039 
Forecasting Coal Burst Risks Near Various Types 
of Faults, Folds and Dykes 
 
CSIRO 
Baotang Shen 
Jane Hodgkinson 
 

Value:   $190,666 
Report Expected: February 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
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C33014 
Coal Burst Research Findings 
 
SCT Operations  
Winton Gale 
Yvette Heritage 
 

Value:   $388,000 
Report Expected: March 2024 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The project will examine and summarise the energy 
required to cause a coal burst in a range of seams. The 
energy may be derived from stored strain, seismic 
transmission and expansion of desorbed gas. The 
objectives are to: 
• Examine the threshold energy requirement to cause 

a coal burst for a number of coal seams cases based 
on a range of generic mined seams; 

• Provide guidance as to the factors to be considered in 
a risk analysis; and to 

• Provide an estimate of the threshold values 
associated with dynamic bursts for a range of coal. 

 
Discussions and work has been undertaken to 
characterise the energy associated with those outlined 
above. Work to date: 
• Modelling of both strain and gas induced bursts 

within a roadway has been assessed to determine the 
seismic signature of such an occurrence. The strain 
tensor of the seismic waveforms and energy of events 
has been determined. In general strain induced 
bursts are well reflected in the seismic transmission 
however gas related bursts are not well reflected.  

• Modelling and theoretical assessment of strain bursts 
has been undertaken. One of the key findings has 
been that the upper bound velocity of a strain burst 
associated with shear slip and overstressing can be 
defined. This allows burst severity and risk levels to 
be determined on the basis of stress conditions about 
the excavation. 

• The next stage will be to undertake simulations of 
bursts in a range of seam types. The main control for 
other seams is the rib resistance to a burst event. This 
is being assessed and known to be related to seam 
height, clay bands, structure and degree of rib 
fracture during development. 

• One of the key outcomes is that most instances of 
seismic event recordings record a combination of 
modes of failure. This is due to the fact that one form 
of failure (say shear slip on bedding) allows additional 
failure in the surrounding area due to reduced 
confinement. In that way the overall strain tensor is 
one which reflects both events and associated 
displacement. 

 
 
 
 
 

C33032 
Application of US Coal Burst Practical 
Experience/Research for Identification of 
Elevated Risk Domains in Australian Operations  
 
Maleki Technologies 
Hamid Maleki 
 

Value:   $150,000 
Report Expected: February 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
The draft final report has reviewed by the Industry 
Monitors and is back with the Researcher for revision. 
 
C34013 
Listening for Bursts 
 
Sigra  
Ian Gray 
 

Value:   $60,000 
Report Expected: March 2023 
Industry Monitor/s: Coal Burst Task Group 
ACARP Contact: Peter Bergin 

 
This project’s purpose is primarily to examine the 
practicality of providing a means to enhance miner’s 
hearing so that the noise associated with dilation and 
pressurisation of coal prior to an outburst may be 
detected. Because it was felt that sufficient numbers of 
miners had impaired hearing it was agreed that the 
project scope would be extended to include some form 
of visual warning. This inclusion has made things more 
complex as it requires some form of signal processing to 
find what the key indicators of an impending outburst are 
and to transform them from some wide spectrum 
audible range into some digital form.  
 
The design uses a unit comprising a geophone/ 
accelerometer sensor which is located on a roof or rib 
bolt. The noise from this is directly transmitted via FM 
modulated radio to a receiver and to earphones worn by 
the miner. The signal is processes at the transmitter and 
a digital signal is sent at 433 MHz to a receiver 
incorporated with the FM radio. This turns on seven LEDs 
on the miner’s helmet. The three LEDs to the left display 
the peak noise in the last 60 (but variable) seconds. With 
each being a different threshold. The green being a lower 
value than the yellow and red one in turn. The three LEDs 
on right are an integrated noise value with a built in 
decay rate. The decay is logically something like  
60 seconds, but it is adjustable. This needs to be tested. 
The centre LED simply flashes when a spike of noise 
exceeded an adjustable threshold but with a minimum 
flash period of five seconds (also adjustable).  
 
In the absence of outburst noise records some tests are 
planned with the sensors attached to rock and coal being 
broken in a uniaxial test machine.  
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Detection and Prevention of Fires and 
Explosions 
 
C28013 
Use of Compressed Air Foams (CAFs) to Alter Goaf 
Air Circuits and Mitigate Spontaneous 
Combustion Events 
 
Mines Rescue  
Alaster Wylie 
Clive Hanrahan 
Matthew Fellowes 
 

Value:   $392,500 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

David Webb 
Paul Wild 
Peter Baker 
Rae O'Brien 
Sharif Burra 

ACARP Contact: Patrick Tyrrell 
 
The project aims to provide an additional spontaneous 
combustion control technique for use by industry and to: 
• Procure a full system ready for deployment in the 

Australian coal industry; 
• Deploy the system in at least one underground 

longwall panel(s); 
• Evaluate the cost and effectiveness of using CAF’s to 

alter goaf ‘micro ventilation circuits’; 
• The system will be retained by NSW Mines Rescue, 

and maintained similarly to the MineShield for use by 
the New South Wales and Queensland industry as a 
tool to assist manage accelerated oxidation of coal. 

 
We have engaged a consultant to analyse gas data and 
the effects of the use of the foam on the goaf air circuit 
from the trial site which will form the basis for the final 
report on the project.  We are awaiting data from the 
mine site to complete the analysis. 
 
C29013 
Evaluating GAG Docking Connections / 
Simulations 
 
University of New South Wales 
Duncan Chalmers 
Guangyao Si 
 

Value:   $82,100 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

John Grieves 
Ken Singer 

ACARP Contact: Peter Bergin 
 
The draft final report has reviewed by the Industry 
Monitors and is back with the Researcher for revision. 
 

C29026 
Investigation into the Thermal Ignition Caused by 
IS Power Supplies 
 
Resources Safety & Health Queensland 
Andre De Kock 
Gareth Kennedy 
 

Value:   $153,700 
Report Expected: April 2023 
Industry Monitor/s: Brad Lucke 
ACARP Contact: Patrick Tyrrell 

 
The objectives of the project are:  
• Determine the fault conditions arising in an 

intrinsically safe electrical circuit that could ignite 
combustible material on a mining machine. 

• Determine the role and extent that combustible 
material accumulation can cause or contribute to the 
risk of equipment fires, when ignited by intrinsically 
safe power supplies. 

• Determine the parameters to be considered in 
installing an intrinsically safe circuit in an area where 
they could be an accumulation of flammable 
materials. 

 
The delivery of the power supplies will be completed in 
February, with the last remaining power supply to be 
delivered in the second week of February. The test 
method is currently being revised together with the 
testing schedule. Processing of information from the 
oil/grease database is still in progress, with database 
updated at the end of January. 
 

Environment - Subsidence and Mine Water 
 
C27059 
Swamp Hydrology Modelling for Advancing 
Rehabilitation Planning and Management 
 
University of Queensland 
Mandana Shaygan 
Thomas Baumgartl 
 

Value:   $424,270 
Report Expected: February 2023 
Industry Monitor/s: Gary Brassington 

Peter Corbett 
ACARP Contact: Patrick Tyrrell 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
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C28004 
Monitoring Hydrological Status of Complex 
Upland Heath Communities Using Canopy 
Conductance and Thermal Imaging 
 
Queensland University of Technology 
Andrew Fletcher 
 

Value:   $230,964 
Report Expected: April 2023 
Industry Monitor/s: Gary Brassington 

Peter Corbett 
ACARP Contact: Patrick Tyrrell 

 
Regulators are concerned about the loss of listed 
communities in complex shrub swamp systems due to 
modified hydrology. Existing technology can detect 
dramatic changes in vegetation health, however new 
methods are needed to detect subtle, long term spatial 
and temporal changes to moisture patterns. This project 
aims to identify remote sensible signals for plant stress in 
these communities. Researchers will use calibrated 
thermal imaging on board small unmanned aerial service 
platforms to assess canopy water use through the day. 
Foliage is usually cooler than the ambient air 
temperature when soil water is readily available, so 
higher temperatures indicate change in moisture 
patterns. 
 
This project is currently on hold until rainfall conditions 
in the Sydney Wollongong region return to normal levels. 
The field sites have received the largest rainfall total for 
a calendar year by over 300mm. We are awaiting drier 
conditions. 
 
C28028 
Inclusion of High Interest Native Plants in Mine 
Site Restoration Programs: Propagation, 
Translocation and Field Reintroduction 
 
Royal Botanic Gardens and Domains Trust, Sydney 
Cathy Offord 
Nathan Emery 
 

Value:   $444,055 
Report Expected: June 2023 
Industry Monitor/s: David Gregory 

Gary Brassington 
Peter Corbett 

ACARP Contact: Patrick Tyrrell 
 
The overarching objective of the project is to successfully 
translocate and monitor multiple populations of 
Persoonia hirsuta and Persoonia hindii in mining offset 
and rehabilitation areas. Scientific research will be 
conducted in parallel with the translocation work, with a 
strong focus on understanding the seed biology and 
reproductive system of both species. 
 
This quarter has focused on data compiling and 
wrangling across the various research project topics in 
preparation for drafting the final report.  

C29016 
Southern Coalfields Coal Washery Reject (CWR) 
Characterisation and Classification, including 
Management Strategies for Applications in Civil 
Engineering 
 
SLR Consulting Australia 
Christopher Meikle 
 

Value:   $160,000 
Report Expected: March 2023 
Industry Monitor/s: Gary Brassington 

Julian Potten 
Rae O'Brien 

ACARP Contact: Patrick Tyrrell 
 
No report received.  
 
C33015 
Regional Ground Movement on Bedding Planes 
and Potential Impacts on Groundwater 
 
SCT Operations 
Ken Mills 
 

Value:   $150,000 
Report Expected: June 2023 
Industry Monitor/s: Gary Brassington 

John Watson 
Peter Corbett 

ACARP Contact: Peter Bergin 
 
No report received.  
 
C33021 
Pilot Scale Membrane Distillation Crystalliser 
(MDC) with Renewable Heat Source for Mine 
Water Brine Management 
 
CSIRO 
Ramesh Thiruvenkatachari 
 

Value:   $362,131 
Report Expected: October 2023 
Industry Monitor/s: Paul O'Grady 

Tim Kendrick 
ACARP Contact: Patrick Tyrrell 

 
This project aims to develop a pilot MDC unit for treating 
mine impacted water and hyper saline brine from 
reverse osmosis process. The main objectives are to 
design and develop a modular, pilot membrane 
distillation unit coupled with crystalliser, conduct tests 
with a hypersaline waste brine sample and obtain the 
optimum operating parameters.  
 
A model pilot unit with the membrane modules has now 
been constructed. The membrane module configuration 
design is one of the key components of the test assembly. 
An additional electrical control system was required, and 
this was prepared and installed to the pilot test unit. 
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Required chemicals for initial testing were obtained and 
salt solution tests are to be commenced shortly. In the 
next quarter, initial set of tests are planned with salt 
solutions. Further testing using mine water and brine 
samples from the mines with optimisation of operating 
parameters would then follow. 
 
C33028 
Fire Resilience of Temperate Highland Peat 
Swamps on Sandstone 
 
University of Queensland 
Mandana Shaygan 
 

Value:   $279,450 
Report Expected: August 2023 
Industry Monitor/s: Gary Brassington 

Peter Corbett 
ACARP Contact: Patrick Tyrrell 

 
This project aims to assess the resilience of endangered 
Temperate Highland Peat Swamps on Sandstone (THPSS) 
to fire (both wildfire and controlled fire) and to evaluate 
how resilience varies between mine-impacted swamps 
and non-impacted swamps.  
 
The third field trip to mine site one was conducted. 
During this trip, the disturbed (three replicates) and 
undisturbed (one replicate) soil samples were collected 
from eight different depths (0-5, 5-10, 10-15, 15-20, 20-
25, 25-30, 30-40 and 40-50 cm) of seven sites. For mine 
site one, the characterisation of soil chemical properties 
(pH, EC, soluble salts, exchangeable cations, CEC, organic 
matter content, ash content, total nitrogen, 
phosphorous, trace elements) have been completed, and 
the characterisation of soil physical properties (hydraulic 
conductivity, water retention characteristics, water 
repellency, bulk density and particle size distribution) are 
in progress at the University of Queensland Laboratories. 
Soil data from the laboratory experiments are being 
statistically analysed. The third field trip to mine site two 
was organised to be conducted in February after a delay 
due to the high rainfall events in December and January. 
Same soil chemical and physical analysis will be applied 
for the soil samples that are going to be collected from 
mine site two.  
 
The next step of the project is to conduct the final field 
trip to mine sites one and two and to complete the soil 
analysis.  
 
 
 
 
 
 
 
 
 
 
 
 

Maintenance 
 
C25063 
Photocatalytic Destruction of Diesel Particulate 
Matter 
 
CSIRO 
Yonggang Jin 
 

Value:   $527,192 
Report Expected: March 2023 
Industry Monitor/s: Brad Lucke 

Dave Young 
ACARP Contact: Patrick Tyrrell 

 
The second stage of the project is focused on developing 
a prototype photocatalytic reactor for destruction of 
diesel particulate matter (DPM) and test DPM 
photocatalytic oxidation by connecting the prototype 
reactor with the diesel engine exhaust. The main 
objective is to test and demonstrate the performance of 
photocatalysis technology in removal of DPM under the 
real diesel exhaust condition. 
 
This quarter, work focused on data analysis of diesel 
engine testing results and preparation of the final report. 
The draft final report is expected to be completed and 
submitted to the industry monitors for review shortly.  
 
C28003 
Lithium Traction Battery for Underground Coal 
 
3ME Technology  
Justin Bain 
Martin Kime 
Richard Eveleigh 
Steve Howell 
 

Value:   $1,268,500 
Report Expected: March 2023 
Industry Monitor/s: Brad Lucke 

Dave Young 
Matthew Smith 
Paul Wyatt 
Sharif Burra 

ACARP Contact: Patrick Tyrrell 
 
The objective of the project is to design, build, and certify 
a high-performance battery for use in an Electric Vehicle 
(EV) system that meets Australian hazardous area 
compliance requirements. In Stage 1, 3ME Technology 
conducted a successful design verification of the battery. 
In Stage 2, 3ME progressed from a mark one (MK1) to 
mark 2 (MK2) battery design and commenced 
certification activities. Stage 3 will support the final 
development and certification requirements for the 
battery modules and supporting drive systems 
components as a complete hazardous area EV system.  
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Key activities conducted to date:  
• Design, manufacture, testing and validation of 

prototype components; 
• Review and update of documentation. 
 
Key Tasks to be conducted include:  
• Testing plan developed; 
• Initiate testing; 
• Revise as per certifying body requests; 
• Ongoing certification activities. 
 
C28010 
Towards Better, Safer Mines - Optical 
Technologies for Software Defined 
Instrumentation 
 
University of New South Wales 
Francois Ladouceur 
Lucy Chen 
 

Value:   $704,974 
Report Expected: April 2023 
Industry Monitor/s: Ben McCamley 

Dave Young 
Ernest Baafi 

ACARP Contact: Peter Bergin 
 
The current project work, is a continuation of the project 
where the participants have completed the design of an 
optically powered, intrinsically safe gas monitoring 
station (CH4, CO, CO2, O2). This certified system has 
been successfully deployed in situ and reliably collected 
data over a period of two months. The current project 
seeks to: 
• Fix identified technical issues with the current system 

and proceed with its testing; 
• Develop an improved system design, focussing on 

design for manufacture; and  
• Provide the resources needed for its deployment and 

testing. 
 
Work undertaken in the quarter includes: 
• For gas monitoring station, we have added new 

features including USB fast charging (for operation 
when the device is off the optical network), response 
time measurement, integrated LED alarm and 
respective intrinsically safe circuits; 

• Gas station enclosure has been finalised to 
accommodate the above new features with 
improvement on robustness and aesthetics; 

• For intrinsic safety certification, our battery assembly 
has passed the assessment. The assembly consists of 
a protective enclosure and one of the two certified 
types of batteries; 

• The first version of the android APP has been 
developed to communicate with the gas monitoring 
station via Bluetooth.  

 
Work planned for the next quarter: 
• Finalise RTU assembly and testing; 
• Fabricate PC boards for gas monitoring stations; 

• Make gas monitoring station enclosure samples by 
machining; 

• Complete intrinsic safety and IP (ingress protection) 
tests for certification; 

• Finish android app development and conduct stress 
tests; and  

• Assemble and test the entire system to be ready for 
potential field trials. 

 
We foresee no important technical holdups but the final 
stage (fabrication and testing) may take longer than 
expected and field trial decision needs to be made. We 
are seeking advice from the ACARP coordinator while 
endeavouring to produce quality deliverables efficiently. 
 
C29009 
Control of Touch Potential Transients During 
Switching 
 
ResTech  
Peter Stepien 
 

Value:   $114,000 
Report Expected: June 2023 
Industry Monitor/s: Barrie Alley 
ACARP Contact: Patrick Tyrrell 

 
During a number of investigations into electric shock 
incidences in the past, machine frames measured touch 
voltage transients when switchgear closed or opened. 
There were no faults present in the equipment of the 
earth fault limited supply, yet touch voltages occurred. 
The aim of this project is to understand the method by 
which these touch voltages occur and determine a 
method to eliminate them to improve mine safety. An 
ELV hardware equivalent model has been developed for 
convenient experimentation. Solutions to eliminate 
touch voltage will be demonstrated on typical mining 
equipment at normal system voltage as a find proof of 
concept. 
 
Work on the ELV hardware simulator has been going 
well. Contactor switching and measurements of touch 
voltage transients are now synchronised to the zero 
crossing of the supply voltage, allowing for more 
convenient analysis. Unfortunately, a fault developed in 
the simulator during operation. While repairing the 
simulator, some improvements have also been 
implemented. Once the results from the simulator have 
been finalised, including the proposed solution, testing 
on typical mining equipment will be undertaken. 
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C33009 
Ceramic Wall Flow Filter Commercialisation 
 
PPK Mining Equipment  
Bradley Drury 
 

Value:   $888,778 
Report Expected: March 2023 
Industry Monitor/s: Andrew Esdaile 

Bharath Belle 
Greg Briggs 
Steve Coffee 
Trevor Hartley 

ACARP Contact: Patrick Tyrrell 
 
The purpose of this project is to develop a commercially 
available improved diesel particulate filter (DPF) for 
widespread use in underground coal mines.  
 
This project builds on work undertaken in projects 
C25073 and C26070. An industrialised filter was 
developed under C26070 and requires the following to 
be commercially available: 
• Technical refinements to allow retro-fit to existing 

Diesel Engine Systems; 
• Testing against certification and regulatory 

requirements – emissions and Ex-protection. 
 
The focus during the quarter has been on finalisation of 
supporting documentation and production drawings. 
Explosion-protection and emissions testing are complete 
and the final type MDG43 test report has been received. 
NSW Mining Design Registration alteration will be sought 
pending 3rd party verification. Site trials are scheduled 
following Design Registration. 
 
C33017 
Specialised Instrumentation and Data Processing 
for Real Time FEA Condition Monitoring of AFC 
Chain 
 
Vayeron  
Ryan Norris 
 

Value:   $185,000 
Report Expected: March 2023 
Industry Monitor/s: Brad Lucke 

Jarrod Sampson 
ACARP Contact: Patrick Tyrrell 

 
Armoured face conveyor (AFC) chain failure causes 
serious production delays and associated costs for 
longwall operators, accounting for up to 27% of longwall 
failures. This project will develop a closed loop quasi real 
time prototype AFC chain link to model real time stress 
and strain monitoring. 
 
Progress over the last quarter is as follows: 
• Joiners passed through Ex certification lab with minor 

follow up clarifications required; 
• no progress on Software - development is 75% 

complete; 

• calibration facility has been engaged to calibrate 
strain gauge. 

 
Feedback from certification lab resulted in the following 
issues: 
• The assembly drawing should show how the various 

PCBs are connected to each other and to the strain 
gauge. In the case where internal wires are used, 
please specify the details. 

• For the Joiner Lid PCB, fuses F1 and F2 require to be 
encapsulated. Which is the assembly drawing 
showing this information, the type of encapsulation 
used and minimum encapsulation depth? 

• Please provide a user manual. This should specify all 
conditions of safe use and also the battery 
replacement procedure including the battery lid 
sealing details. Please specify the locations where the 
battery replacement can take place. 

 
Vayeron is addressing these issues at the time of writing 
this report. Word to be undertaken in the next quarter: 
• Finalise software development; 
• Fit joiners with electronics; 
• Engage strain gauge calibration facility; 
• Deliver to mine for site trials. 
 
C33026 
Prototype Battery Electric Load Haul Dump 
 
3ME Technology 
Justin Bain 
Martin Kime 
 

Value:   $1,431,295 
Report Expected: June 2023 
Industry Monitor/s: Brad Lucke 

Dave Young 
Matthew Smith 
Paul Wyatt 
Sharif Burra 

ACARP Contact: Patrick Tyrrell 
 
The project deliverable will be a proof of concept Battery 
Load Haul Dump vehicle capable of accessing all 
operational areas of an underground coal mine. The 
mechanical and electrical design required to ensure the 
machine functions and performance are equal to or 
better than current diesel vehicles.  
 
Key activities conducted to date:  
• Milestone 1 consisting of - 

o scope, schedule development, 
o operational RA, Design RA, LCM Draft, 
o identify long lead time items.  

 
Key tasks to be conducted include:  
• Milestone 2 -  

o detailed engineering, 
o operational RA, Design RA and LCM 

documentation maturity. 
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Mining Technology and Production 
 
C20033 
Development of a Safer Underground Explosive 
 
University of New South Wales 
Andres Castro 
Duncan Chalmers 
 

Value:   $393,000 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

Brad Elvy 
Paul Wild 
Russell Thomas 

ACARP Contact: Patrick Tyrrell 
 
Underground mines resort to the use of explosives to 
break extremely hard materials that intrude into coal 
seams. Since there is no longer P5 explosive available for 
delay firing, mines resort to using type 1 explosive. 
Confusion arises as to how these explosives can be safely 
used. Currently permitted explosives are being used 
outside the recommended guidelines as published by the 
Buxton Testing Authority in the UK. In order that they can 
be used safely, mines are conducting risk assessments to 
manage the incendive hazard that possibly could be 
created by a cut off shot and additionally managing the 
deflagration hazard with the same risk assessment when 
using P1 explosives. This project developed an alternate 
test regime that adequately assesses the deflagration 
risk of an explosive. The information gained from this 
testing provides additional data to change the testing 
regime for permitted explosives. 
 
The draft report has been prepared during the quarter. 
The impasse in getting an emulsion explosive authorised 
as a P5 has been that in all cases the receptor explosive 
disappears. Nitro-glycerine explosives subjected to the 
same test in the Type II cannon provided a visible 
remnant that could be examined for signs of 
deflagration. 
 
The research team has undertaken the following tests to 
better understand what happens to the receptor charge: 

 

The presence of nitrates was found in the recovered 
remnants which indicated that some of the receptor 
explosive is still present in the coal dust and has not 
deflagrated.  
 
Work completed on 31st January, used two methods to 
determine the presence of the receptor. The recovered 
remnant from each test was weighed and it was found 
that in all cases the mass was greater that the mass of 
the coal dust, plastic film and sticky tape. Despite losing 
coal dust and other material through the pressure relief 
orifice.  
 
The sample was then split and part measured for the 
presence of nitrates and the other part being analysed by 
a calibrated Bulk Emulsion Analyser (BEA). 
 
The research team are confident that TM-2 requirements 
can be met without modification as it can be 
demonstrated that the receptor is still present in the coal 
dust even though it has been disseminated.  
In addition to this work two of the research team visited 
Dhanbad Test Facility in India to scope out its suitability 
to conduct a full suite of P5 tests under Australian 
supervision. Negotiations are underway to commence 
testing in early March. 
 
C28018 
Longwall Floor Horizon Sensing 
 
CSIRO 
Andrew Strange 
Zak Jecny 
 

Value:   $269,680 
Report Expected: April 2023 
Industry Monitor/s: Jarod Chadwick 
ACARP Contact: Patrick Tyrrell 

 
Effective horizon control is essential for both safety and 
productivity in underground longwall mining. The key to 
achieving this outcome is a reliable means of actively 
sensing the geological strata of the seam floor. A ground 
penetrating radar sensor was demonstrated on a 
longwall for this purpose in project C25064. However, it 
was not in a suitable form for installation on a production 
longwall. This project will undertake the necessary 
engineering tasks required to enable a long-term trial of 
this sensor on a production longwall. This includes the 
development of a suitable non-metallic explosion 
protected enclosure. 
 
The official certification of the new non-metallic 
explosion protected enclosure and unit certification of 
the GPR payload has been completed. The certificates to 
AS60079 have been received from the certifier. The 
sensing system was sent to the host mine site and 
installed on their panel in front of chock 8. The GPR 
system and enclosure were housed inside a custom skid 
base which was attached to the pan with a custom 
mounting bracket. Unfortunately, the skid base did not 
function as expected. The region between the pan and 
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skid base filled with fines during the first push which 
resulted in the skid base to tip forward and not remain in 
contact with the seam floor. The system was removed 
but the skid base left in place for a complete shift. The 
skid base eventually cracked within that first shift so the 
system was returned to CSIRO for modification. The 
project team has redesigned and fabricated the skid 
base. The redesign of the mounting bracket is nearly 
complete. Once the redesigned parts have been 
fabricated, the system will be tested at CSIRO with 
comparable coal fines in front of the skid base then 
returned to the host mine site so the long-term 
production trial can recommence. 
 
C29033 
Alternative Flameproof Enclosure Protection 
Techniques 
 
CSIRO 
Peter Reid 
 

Value:   $272,000 
Report Expected: August 2023 
Industry Monitor/s: Brad Lucke 

Colin Hoyle 
ACARP Contact: Patrick Tyrrell 

 
The project aim is to design and manufacture a certified 
pressure sensing module which will be able to be 
certified as Ex ia/ib. This module will be designed to 
automatically and safely de-energise the payload quickly 
if the atmosphere inside the enclosure has been 
compromised. This module can then be incorporated 
inside a wide range of existing enclosures to help them 
to be certified as Ex P and achieve a higher protection 
level.  
 
This project extension aims to achieve the following: 
• Reduce the dependence on specific (now hard to 

procure) semiconductors; 
• Combine the two separate pressure switches into a 

single board; 
• Address all the other modifications that were 

required to allow the current design to meet the 
requirements of 60079.2 and 60079.11; 

• Redesign with a focus on manufacturability and cost;  
• Select a suitable manufacturer to manufacture these 

modules; and  
• Addition of a differential pressure sensing 

configuration. 
 
Initial design discussions have started between CSIRO, 
hardware manufacturers, design engineers and experts 
in the field of intrinsic safety. All required information 
has been provided in order for each of the parties to be 
able to generate a quote for the proposed scope of work. 
Once these are received, we will be able to either start 
the redesign, or alter the scope of the project as required 
to fit within the project budget. 
 
 

C29037 
Intrinsically Safe RFID Sensors for Underground 
Coal Mining 
 
CSIRO 
Lance Munday 
 

Value:   $136,050 
Report Expected: July 2023 
Industry Monitor/s: Brad Lucke 

Flemming Nissen 
ACARP Contact: Patrick Tyrrell 

 
The project objectives are: 
• Develop a Radio Frequency Identification (RFID) 

platform that will enable the installation of a range of 
powerful sensors onto longwalls and other 
underground mining equipment with minimal effort 
and cost. 

• Gain Ex.ia Group I certification for the RFID sensors.  
• Trial the system in an underground coal mine and 

evaluate performance. 
 
The goal of the project is to deliver a pre-commercial 
system that can be rapidly brought to market by a 
commercial partner. Key benefits of the system are:  
• Low installation cost and negligible maintenance 

cost, since the RFID sensors are cheap, wireless, and 
do not contain batteries. 

• Increased safety and reduced cost for a range of 
mining processes including longwall control, roof 
bolting, personnel tracking, equipment localisation, 
machine condition monitoring and asset 
management. 

• At-face measurement of machine and environmental 
parameters, even where there is a continuous 
presence of an explosive gas mixture.  

 
During the quarter work continued using the new version 
of the RFID development kit. It was tested and shown to 
have improved I/O functionality and lower power usage. 
These features reduce the design complexity and 
improve the range-to-read-rate of the system. A new 
prototype PCB is currently being designed; once 
completed a full set of documentation will be submitted 
for Ex.ia certification.  
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C34003 
Self-Drilling Bolt Automation: Bolt Design and 
Manufacture Method, and Chemical Canister 
Concept Development 
 
OKA Rock Bolt Technologies  
Mark Levey 
 

Value:   $1,857,744 
Report Expected: March 2023 
Industry Monitor/s: Roadway Development 

Task Group 
ACARP Contact: Patrick Tyrrell 

 
The project objectives are as follow: 
• Complete development of the chemicals, canister 

and self drill bolt; 
• Complete the development of the adaptor/modified 

drill-head, headplate and software such that an 
underground trial can take place; and  

• Carry out an underground trial. 
 
Progress during the quarter is detailed as follows.  
 
The chemicals:  
• Have locked in the chemical formulae for use in the 

canister. 
• Currently carrying out validation testing for: 

o HDPE (only plastic compatible with polyester 
resin) is able to be treated with the fluorene 
process to ensure we don’t allow styrene to 
migrate through the canister walls. 

o HDPE bottle samples having undergone the 
gaseous fluorene treatment have been filled 
with chemical to test that styrene does not 
migrate. The bottles have been filled and stored 
for three months. So far, no migration of 
styrene. 

• We have made some modifications to our water-cup 
and have replaced all chemical membranes (they 
were troublesome) with one simple O-ring. This is a 
significant improvement for assembly and filling of 
cans. 

 
The receptacle/adaptor: 
• The drill water circuit now seals using horizontal O-

rings in the lid and doesn’t require crush to be 
applied. This was viewed as necessary for practical 
application in the field. However, this did require 
changes to the canister shape.  

• We have tested the latest designed canister at 20 bar 
drill water pressure with 3D print models. They failed, 
until we provided a support frame in the adaptor. The 
FEA review indicates that when the can is made from 
hdpe it should not fail. We have made mods to the 
trial adaptor design to provide support to the canister 
in this area as a backup in case there is a problem with 
the hdpe canister. 

• The adaptor IFC drawings and manufacture of the 
adaptor will start during February as the canister 
design is now finalised. 

 

The canister: 
• The two changes forced on the canister design by the 

adaptor design process and the plastic type required, 
were made. The test equipment to suit the refined 
design were manufactured, (five weeks to prepare). 

• We have tested the water circuit as previously stated 
and have options to correct any problems longer 
term.  

• We then experienced difficulty in achieving a reliable 
chemical seal around our two pistons. During 
November we solved the smaller circular piston 
sealing but the donut piston outer seal has taken 
much longer to solve. The fluid dynamics have 
changed considerably with the canister design 
changes. Our mechanical and fluid dynamics 
consultants have assisted with solving the problems. 
During all of December we carried out testing to 
finalise a donut piston design that is reliable, ie, no 
chemical bypass. The problem was solved by mid-
January. We are now in the process of finalising all 
canister dimensions before ordering the dyes. 

• The next step is to transfer the 3D print model design 
and learnings into injection mould tool designs, make 
the dyes, then make samples, test, refine the samples 
until they function correctly. This process is a known 
risk to our project timing as this transfer step to 
injection molded plastics could be quick or could be 
slow and tedious. Consideration of a delay has been 
reflected in the attached schedule. 

 
The bolt:  
• Have engaged a metallurgist and mining 

engineer/geotechnical engineer to advise. 
• 250 hollow bars and nuts were ordered late October 

for the outbye trial in a NSW mine. We ordered 125 x 
6’ and 125 x 7’ bolts for the underground outbye trial 
in a NSW mine. 

• Changes have been made to the bar specification in 
attempt to have the hollow bolt meet the Qld host 
company requirements (for the second stage trial) 
particularly in the threaded region.  

• The bars arrived in Australia late January, and have 
been sent to a factory for threads and internal 
fixtures to be installed. 

 
Headplate:  
• The headplate design and manufacture (for use in the 

NSW mine outbye trial) is complete and stored at our 
workshop. 

 
General: 
• The project has incurred delays during November 

(two weeks), December (four weeks) and January 
(four weeks) due to testing the canister design 
changes caused by the adaptor design and 
characteristics of the only plastic type that can be 
used.  

• Testing the latest canister shape in the workshop 
using 7’ bolts, at 30 bar water pressure, using the v3 
adaptor, and the chemicals we intend to use in the 
trials has been necessary to uncover issues before we 
order dyes. This is time consuming and frustrating 
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work, but necessary. All advice to present is that 
there is no easy way to carry out this stage of the 
project. CAD design/make 3d print model/test the 
model/analyse results/repeat until functioning 
correctly.  

• The project took a diversion (extension) for three 
months attempting the mechanical/hydraulic 
method for injection but unfortunately physics 
doesn’t allow it. We now expect a total delay against 
the extended schedule of two and a half months, due 
to the extensive re-testing the canister functionality 
due to the late-stage changes forced on the canister 
by the adaptor design and plastic type characteristics. 

• The dye manufacture timeframe may be delayed, 
some allowance has been made in the schedule for 
this. The project completion forecast is now mid July 
because of the above matters. 

 
C34017 
Self Cleaning ExScan and Underground Reflectors 
 
CSIRO 
Matt van de Werken 
 

Value:   $141,995 
Report Expected: March 2023 
Industry Monitor/s: Brad Lucke 

Brian Wesley 
Mick Condie 

ACARP Contact: Patrick Tyrrell 
 
The aim of this project is to investigate coatings and 
other methods to improve the dust mitigation on 
reflectors, particularly signage and ExScan laser 
reflectors, as well as the ExScan itself, underground.  
 
During the quarter we have continued our work on 
evaluating commercially available coatings for their 
efficacy in repelling dust. We have sent four different 
reflector sets to the client mine for in situ testing and we 
are currently in discussion on the logistics and procedure 
of the testing. 
 
The work on designing an improved spray assembly for 
the ExScan was parked after consultation with the 
industry monitors determined a better use of the 
remaining project resources would be to design an active 
dust cleaning system. 
 
To this end, piezoelectric vibration mechanisms have 
been sourced and purchased, and a driver circuit 
designed and tested. We have consulted with a reflector 
manufacturer on developing methods of integrating the 
vibration mechanism into a reflector assembly. Several 
reflector prototypes are currently under production and 
will be fitted with vibrators once delivered. 
 
In the next quarter, we will finalise the testing of the 
existing reflectors, complete the development of the 
vibrating mechanism and lab test the efficacy for dust 
cleaning. The final project report will also be delivered. 
 

C34019 
Longwall Bretby Cable Handling Monitoring with 
Fibre Optics 
 
Mining3 
Karsten Hoehn 
 

Value:   $237,940 
Report Expected: April 2023 
Industry Monitor/s: Brad Lucke 

Brian Wesley 
Shane McDowall 

ACARP Contact: Patrick Tyrrell 
 
The objective of the project is to explore the possibilities 
of utilising fibre optic sensing technologies to improve 
monitoring and maintenance of subsystems for 
underground longwall mines. Specifically, the shape and 
condition of the Bretby Cable Handler. Secondary 
objectives are to use the same fibre optic cable as a 
sensor and record audio signals that allow modelling the 
operation from an acoustic or vibration point and then 
detecting anomalies. Using this technology this project 
aims to: 
• Demonstrate the feasibility of monitoring the 

condition of the Bretby Cable handling system, 
through distributed fibre optic sensing, to detect 
failures, such as Bretby dislocations; 

• Determine how early the detection can be made to 
provide the operator with sufficient time to 
intervene; 

• Evaluate the feasibility of listening to the shearer and 
to detect operational anomalies, e.g. cutting into rock 
rather than coal; 

• Introducing a novel measurement technology that 
improves the automation and safety of underground 
coal mining operations; and to 

• Provide recommendations on a potential 
commercialisation strategy for the Bretby Cable 
Handling Monitoring system. 

 
The power cable received from site was inspected by the 
Mining3 team (Figure 1) in order to finalise the design of 
the test rig. Further, a connector plug, provided by 
Connec, was installed (Figure 2) to reduce the strain on 
the fibre optic cables during operation. 
 
As the outer dimensions of the received power cable are 
slightly smaller than initially expected it appears that the 
use of a decommissioned Bretby is now feasible for 
testing. Therefore, a decommissioned Bretby (Figure 3) 
was provided by the site, but the delivery took longer 
than expected and caused further delays to the project. 
 
The test rig is currently being assembled with the 
accounted modifications for using the Bretby. Further, 
the software algorithm to analyse the optic fibre signals 
has been updated to improve efficiency and incorporate 
the new design of the cable.  
 
It is expected that the test rig will be ready by end of 
February and lab testing can commence in March. 
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Figure 2. Cable inspected and 3D dimensions 
documented 
 

 
Figure 3. Connec plug attached to end of power cable 
 

 
Figure 4. Decommissioned Bretby cable links from site 
 
C34024 
Effects of Rock Weathering on Life-of-mine 
Roadway Stability 
 
University of Queensland 
Zhongwei Chen 
 

Value:   $312,534 
Report Expected: September 2024 
Industry Monitor/s: Brian Vorster 

Matt Tsang 
ACARP Contact: Patrick Tyrrell 

 
The main project objectives are to: 
• Identify the relevant weathering testing standards for 

assessing the process of rock degradation; 
• Experimentally characterise and quantify the 

responses of rock properties to the weathering, and 
to 

• Apply the laboratory results to assess the weathering 
impact on CMRR de-rating and its implications to 
support design practices. 

 
During the quarter: 
• The initial on-site assessment for NATA accreditation 

of standard ISO/IEC 17025 has been completed. Very 
positive feedback has been received from the 
accreditation representatives; 

• The corrective actions toward the assessment report 
have been completed, and we are waiting for the final 
outcome of the assessment, which is expected to be 
announced by mid-February.  

 
C35004 
Advancing Remote and Automated Capability for 
Longwall and Roadway Development 
 
CSIRO 
Andrew Strange 
Jonathon Ralston 
 

Value:   $2,517,000 
Report Expected: May 2025 
Industry Monitor/s: Roadway Development 

Task Group, and 
Bharath Belle 
Brian Wesley 
Chris Vaschetty 
Dave Young 
Loz Hemmings 

ACARP Contact: Patrick Tyrrell 
 
This project responds to the industry need to accelerate 
remote and automated longwall and roadway 
development capability. This is of major importance to 
the underground coal industry to meet ongoing safety, 
productivity, operational and sustainability issues. 
 
The project will utilise the flexible industry-directed 
project model established in C29028 Delivering the 
Remotely Operated Longwall, but with an expanded 
scope to include both longwall and roadway 
development. This model involves project delivery being 
conducted through well-scoped work packages which 
provides the stakeholders the opportunity to select work 
package topics and direct and monitor progress 
throughout the project.  
 
The CSIRO research team hosted a two day workshop 
with members from the longwall and roadway 
development industries to identify potential topics for 
the initial work package to be undertaken in this project. 
The top priority that came out of the workshop is 
Roadway Alignment Monitoring, which involves the 
measurement of a continuous miner’s along-track and 
cross-track position in real-time to provide feedback to 
operators for heading correction. This development 
would provide operators the capability to detect off-line 
drivage to assist in mining to the desired plan. 
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The research team is developing a plan for the first work 
package based on the roadway alignment monitoring 
priority described above. The first work package is due to 
commence in February once the topic and plan has been 
approved by the project monitors and industry working 
group chairs. 
 

Health and Safety 
 
C24009 
Establish 'At Risk' Distance from Hydraulics 
 
University of New South Wales 
Paul Gill 
 

Value:   $26,908 
Report Expected: March 2023 
Industry Monitor/s: Paul Gill 
ACARP Contact: Patrick Tyrrell 

 
This project is on hold.  
 
C24010 
Proximity Detection Systems Specification for 
Underground Coal Mining Machines  
 
Resources Safety & Health Queensland 
Andre De Kock 
 

Value:   $565,988 
Report Expected: July 2023 
Industry Monitor/s: Brad Lucke 
ACARP Contact: Patrick Tyrrell 

 
The objectives of the project are:  
• Develop a proximity detection system specification 

and minimum acceptance criteria for the 
underground coal mining industry; 

• Determine the gap between the specification from 
the coal mining industry and the performance of 
systems offered to the industry by proximity 
detection system manufacturers; and  

• Determine if future developments by the proximity 
detection manufacturers will address the 
specification from the coal mining industry. 

 
A call was put out by ACARP to the underground coal 
mining industry to provide some assistance to the 
project. Mine personnel were targeted to be 
interviewed. To date, eight people were interviewed and 
additional interviews are being scheduled for February – 
March 2023. We are planning to conduct 12 more 
interviews. To date most of the interviewees were from 
an industry senior management level. We are now 
seeking operational personnel, and mines inspectors to 
gain a balanced perspective. All interviews are being 
recorded and transcribed. These will then be processed 
by the analytical software. 
 
On completion and analysis of the mining personnel 
interviews, a refined set of questions will be developed. 

These questions will be used for interviewing proximity 
detection suppliers to determine the status and future 
development plans for their systems. This will highlight 
the gap between the industry needs and what the 
proximity detection suppliers can provide. 
 
 
The following steps still need to be completed: 
• Complete and process industry interviews; 
• Obtain the input from the Mines Inspectorate; 
• Develop a proximity detection specification, based on 

the above interviews; and  
• Interview proximity detection suppliers to gauge 

their ability to fulfil the specifications. 
 
C27049 
Mine Rescue Vehicle Radar Sensing Integration 
 
CSIRO 
Eleonora Widzyk-Capehart 
Gareth Kennedy 
Lance Munday 
 

Value:   $254,405 
Report Expected: March 2023 
Industry Monitor/s: Brad Lucke 
ACARP Contact: Patrick Tyrrell 

 
The project objectives are: 
• Develop an integrated radar sensor and user 

interface that is applicable to a wide range of fixed 
and mobile sensing applications in underground coal 
mines; 

• Provide robust ranging and mapping that is tolerant 
of both airborne and sensor-surface contamination 
caused by dust, smoke and water vapour; and 

• Trial the system in an underground coal mine and 
evaluate performance. 

 
The goal of the project is to fulfil these objectives in order 
to deliver a pre-commercial prototype system that can 
be rapidly brought to market by a commercial partner. 
Key benefits of the system are improved health and 
safety, whereby persons in any part of a mine, who are 
subject to disorientation or severely impaired visibility, 
are able to find their way out of the mine; and enhanced 
productivity for mining machinery, where operation is 
impaired due to dust, smoke or water vapour. 
 
During this quarter the system underwent a field trial at 
Site 1. CSIRO and Simtars personnel collaborated with 
Site 1 personnel to test the full suite of sensors, including 
the radar, a short-wave infrared camera, a thermal 
infrared camera and a laser scanner. The sensors were 
attached to the front of a Drift Runner, and a qualified 
operator was utilised to drive the vehicle.  
 
A range of test scenarios were undertaken, from driving 
the vehicle in a straight line with full driver vision, to 
negotiating cut-throughs with the driver’s vision 
completely blocked. Theatrical smoke was also used to 
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test the effectiveness of the various sensors in the 
presence of airborne particulates.  
 
Results from the trial showed it was possible to navigate 
the tunnels with partially or fully obscured driver vision. 
Data, photos, and videos from the trial were collated; 
these will form part of the field report which is nearing 
completion.  
 
C28023 
Developing Suitable Gas Separation Membrane 
for Breathing Apparatus 
 
Monash University 
Victor Chang 
 

Value:   $196,500 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

Ken Singer 
Lee Earnshaw 
Paul Wild 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C28029 
Personal Real Time Dust/Particulate Monitor 
(Direct Mass Based Measurement) 
 
Lear Siegler Australasia  
Peter Phaedonos 
 

Value:   $1,011,780 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

Brad Lucke 
Glenn Owens 
Ian Marshall 

ACARP Contact: Patrick Tyrrell 
 
The PDM Real time dust monitor is a safety tool and a 
safety companion to the miner. At any point in the 
miner’s working shift the PDM will display the exposure 
levels you will have and allow the operator to make 
decisions and withdraw to a safe area. Standards exist for 
limiting exposure to the respirable fraction of coal dust 
in most industrial settings, the PDM will provide the 
miner with the means to monitor and manage such 
exposer. It will have a very low detection limit that will 
meet or exceed current and anticipated exposure limits, 
and AS2985-2009 requirements for such continuous 
testing. 
 
An update on the status of the project is as follows:  
• SIMTARS still working on the evaluation of final 

design documentation. Some minor modifications 
are being done to the design which are currently 
being completed by Lear Siegler Australasia (LSA) that 
will allow SIMTARS to continue with testing for those 
PDM modules that are affected. 

• ACARP and LSA along with the industry monitors have 
engaged an external design review which was 
completed October 2022. That report is now on hand 
and will be discussed in upcoming meetings with 
ACARP/LSA, but nothing to be alarmed about and 
project is progressing. 

• The prototypes for the Certification process need to 
be as the final manufactured and ready for field use 
PDM instrument. LSA is working towards finalising 
the mould supplier/manufacturer. 

• Most of the components for the manufacture of the 
PCBAs have been purchased and on hand. 

• In coming month more progress will be initiated after 
our meeting with industry monitors. 

 
C29002 
ACARP Dust Program Technical Support 
Coordination 
 
Gillies Wu Mining Technology  
Hsin Wei Wu 
 

Value:   $100,000 
Report Expected: March 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The purpose of the project is to provide a coordination of 
technical inputs and supports to dust, silica and DPM 
related projects that are monitored by the Dust Steering 
Working Group (DSWG). It would offer a point of 
reference for the research project monitors and the 
DSWG. Assistance would be provided to seek out 
potential researchers in the relevant fields and help them 
build research submissions. 
 
Tasks as advised and assigned by the DSWG include: 
• Review the past and current work undertaken, 

highlight the gaps in knowledge and guide the current 
work programs as needed; 

• Develop discrete packages of research work to be 
undertaken by targeted researchers; 

• Review the new proposals and provide 
recommendations as needed to the DSWG; 

• Visit researchers to ensure the technical side of the 
program is running well; 

• Organising periodical task group meetings for review 
of current projects; 

• Organising visits for DSWG members to researchers’ 
facilities to view progress; 

• Following up researchers for their guidance as 
required by project monitors or DSWG. 
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Activities undertaken since last reporting and current 
status of the project are as follows: 
• C33069 New PDM filter for Direct-on-Filter Silica 

Analysis of Coal Mine Dust is in the final reporting 
phase and waiting for the IP application. 

• In project C33008 Relevance and Applicability of 
Inhalable Dust and Current Issues with AS3640, the 
project team has completed both lab and field test 
series on the effects of airflow directions on the 
performance of the IOM inhalable dust samplers and 
is currently finalising the project report.C33006 
Breathing Zone Exposure Quantification and 
Respirators Performance has completed its lab 
testing series and is currently contacting mine sites 
for field sampling test series. 

• Assistance was provided on project C28029 Personal 
real time dust/particulate monitor (direct mass based 
measurement) on the development of new PDM for 
its next project phase. The project team has 
completed both lab and field test series on the effects 
of airflow directions on the performance of the IOM 
inhalable dust samplers and is currently finalising the 
project report. 

• A research proposal of the second phase on a 
methodology development for analysing PDM3700 
filters for free silica contents is being considered. 

 
C29020 
Resilience and Mental Health in Mining 
 
Macquarie University 
Rebecca Mitchell 
 

Value:   $201,666 
Report Expected: February 2023 
Industry Monitor/s: Rae O'Brien 

Sharif Burra 
ACARP Contact: Patrick Tyrrell 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C29035 
Effect of Rock Dust and Pre-Existing Lung Disease 
on the Risk of Mixed Dust Lung Disease (MDLD) 
 
University of Tasmania 
Basil Beamish 
Graeme Zosky 
 

Value:   $525,850 
Report Expected: February 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 

C33001 
Methodology Development of Free Silica Analysis 
of Dust on PDM Filters: Phases 1A&B 
 
CSIRO 
Hsin Wei Wu 
Yonggang Jin 
 

Value:   $249,200 
Report Expected: March 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The latest personal dust monitor (PDM) is a real-time 
mass-based respirable dust monitor in the coal mines. 
The objective of the project is to develop a methodology 
to enable silica analysis of the PDM-collected respirable 
coal dust. 
 
In the quarter, work focused on data analysis of silica 
measurement results and drafting the final report. The 
draft final report is expected to be completed and 
submitted to the industry monitors for review in the 
following quarter.  
 
C33006 
Breathing Zone Exposure Quantification and 
Respirators Performance – Review of Exposure 
Control Strategies 
 
CSIRO 
Rao Balusu 
 

Value:   $329,450 
Report Expected: July 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The objective of this project is to investigate the spatial 
variability of dust concentration levels in the breathing 
zone and the impact of current dust monitoring 
strategies on personal dust exposure levels. The project 
also aims to evaluate the effectiveness of respirators, 
such as various types of powered air-purifying respirators 
(PAPRs), on personal dust exposure levels. The project 
work will involve extensive laboratory investigations and 
some field studies. The project studies will provide a 
better understanding of the effectiveness of respirators 
and integrated unit performance of full-face PAPRs in 
protecting workers working under high dust 
concentration zones as well as the actual personal dust 
exposure levels of workers wearing full face PAPRs.  
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All the laboratory tests for real-time measurement of 
dust exposure levels within the breathing zone and 
evaluation of the performance of a selected PAPR have 
been completed in this quarter. Discussions with mine 
sites for field sampling studies at an operating coal mine 
are ongoing. Field studies will be focused on 
measurement of the spatial variability of dust 
concentrations in a worker’s breathing zone at different 
sampling locations. As field studies are getting delayed, 
additional laboratory studies have been planned in lieu 
to test and evaluate the performance of P2 masks. The 
modification of the mannequin setup in the dust testing 
chamber has been completed to fit the vacuum line for 
pumping the air through the P2 mask at controlled air 
flowrates. The purchased pump is expected to arrive this 
February, and then the detailed laboratory tests will be 
carried out in the next quarter to measure the respirable 
dust concentration inside/outside of P2 masks under 
various conditions.  
 
C33011 
Coal Mine Dust Lung Disease: What Happens 
Once the Dust Settles? A Longitudinal Study of a 
Latent Disease 
 
I-MED Queensland  
Katrina Kildey 
 

Value:   $167,925 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

Brad Lucke 
Sharif Burra 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C33012 
Respirable Dust Reference Testing Method and 
Dust Chamber Facility 
 
Resources Safety & Health Queensland 
Gareth Kennedy 
 

Value:   $215,950 
Report Expected: June 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The aim of this project is to establish the methodology 
for the respirable dust chamber as a reference tool for 
cyclones and devices used in the coal mining industry. 
This will be achieved through three objectives: 
• Objective one – Establish that the respirable dust 

chamber conforms to international testing 
methodology and accuracy; 

• Objective two – Verify the methodology utilising a 
selection of respirable dust cyclones and impactor 
plate devices currently used in underground coal 
mines; 

• Objective three – Compare the accuracy of the 
devices when using a different dust types and dust 
mixtures (stone dust, coal dust, silica).  

 
The chamber manufacture and the installation of 
instrumentation has been completed. The commission 
and installation the control system for the chamber has 
been delayed and is expected to be completed in March.  
 
During the next reporting period the dust chamber 
operation will be verified. The project will then 
commence the verification of the testing method in 
collaboration with NIOSH. 
 
C33069 
New PDM filter for Direct-on-Filter Silica Analysis 
of Coal Mine Dust 
 
CSIRO 
Yonggang Jin 
 

Value:   $298,240 
Report Expected: October 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The main objective of this project is to develop a new 
type of Personal Dust Monitor (PDM) filter with a non-
silica filter material and a novel filter assembly structure 
to enable the direct-on-filter silica analysis of the PDM-
collected dust sample with a field-based FTIR method. 
The project work will involve extensive laboratory 
studies for development, evaluation and prototyping of 
the new PDM filter. Expected outcomes from this project 
include a novel type of filter for use in PDM to achieve 
both real-time respirable dust monitoring throughout 
the sampling shift and silica content measurement at the 
end of the sampling shift, and a rapid reliable field-based 
approach to be developed for optimal monitoring of 
personal exposure levels of respirable coal dust and 
respirable crystalline silica with one single PDM unit. 
 
In the quarter, the project team continued extensive 
parallel dust sampling tests at the laboratory to 
investigate the dust loading limits for several types of 
polymer filter membranes and compare the real-time 
gravimetric sampling concentrations between using the 
new polymer filter and the commercial glass fibre filter. 
The dust samples collected onto the new polymer filters 
were measured for the silica content using a direct-on-
filter FTIR method. The optimal polymer filter membrane 
has been determined for use in the new PDM filter. 
Discussions with external suppliers for fabricating the 
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filter holder prototype with a small mass up to ~100 mg 
are ongoing. Meanwhile, we have been working with the 
distributor of PDM3700 in Australia to investigate the 
possibility of using heavier filters on the PDM3700’s 
TEOM.  
 
Over the next quarter, work will focus on the fabrication 
of the filter holder and optimisation of direct-on-filter 
silica analysis. 
 
C34007 
Evaluating Toxicity of Different Types of 
Respirable Crystalline Silica Particles to Lung Cells 
and Tissues 
 
University of Queensland 
Gordon Xu 
 

Value:   $207,950 
Report Expected: October 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The objective of this project is to evaluate the biological 
effects of three typical respirable crystalline silica (RCS) 
particles (freshly generated, hydrated and aged) that the 
coal mine workers are typically exposed to on lung cells 
and lung tissues, and understand their toxicity and risk to 
the lung tissues in the mouse model. The project 
outcomes will provide a better understanding of the 
toxicity and risk extent of different types of RCS particles 
to the mine workers, and help inform and guide health 
and safety measures to minimise exposure to the most 
hazardous types of RCS particles.  
 
In the quarter, the team focused on investigating the 
milling conditions of simulated crystalline silica particles 
on their active species amount. We investigated the 
effects of the jet-milling time and the amount of silica 
crystalline particles on the type of active species (such as 
radicals) and their amount in freshly generated RCS 
particles (within 1 h after jet-milling) using electron 
paramagnetic resonance (EPR) spectra. We also 
investigated the radical transfer of these active species 
to other active species in aqueous solutions. In addition, 
we examined some responses of macrophages and lung 
cells to three types of RCS particles. More detail 
responses of macrophages and lung cells to these RCS 
particles will be carried out over the next quarter.  
 
 
 
 
 
 
 
 

C34023 
Advanced Breathing Apparatus with Gas 
Membrane Modules 
 
Monash University 
Victor Chang 
 

Value:   $298,436 
Report Expected: January 2025 
Industry Monitor/s: Bharath Belle 

Ken Singer 
Lee Earnshaw 
Paul Wild 

ACARP Contact: Peter Bergin 
 
The main objective of the project is to develop a 
prototype for breathing apparatus which will replace the 
CO2 adsorption module with a light weight gas 
separation module.  
 
The first membrane sample has been successfully 
fabricated. While the size of the sample is relatively small 
(75 x 35 mm), it successfully demonstrated that the local 
fabrication facility is able to produce the most advanced 
separation membrane independently. This is an 
important step in cultivating local capability to reduce 
foreign reliance. In addition, the team has resumed the 
lab testing from the second week of January, successfully 
incorporating the membrane module into the Drager’s 
BG4. The first batch of testing is being kicked off now. 
 

Roadway Development 
 
C27076 
Underground Coal Mine Gateroad Development 
Continuous Haulage System 
 
Premron  
Mick Whelan 
 

Value:   $8,085,696 
Report Expected: January 2024 
Industry Monitor/s: Roadway Development 

Task Group 
ACARP Contact: Patrick Tyrrell 

 
This project is a continuation of projects C22009, C23017 
and C24023, which aims to develop a Continuous 
Haulage System for mine gateroad development, 
utilising the closed conveyor system of the “Premron 
CHS” ©. 
 
The Premron CHS manufacture are complete and all 
assembled, with some of the machine delivered to the 
mine site already (SIT Trolleys). The remaining Trolleys 
(SCD, SET and STD) are assembled and ready to send to 
site in February 2023 (see below). 
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The remaining portion of the Premron CHS machine has 
been installed on the Mini-Build test track at our 
Gladstone facility, which is undergoing the factory 
acceptance testing (FAT). This will be completed and the 
mine site will sign off in February. 
 
The original FAT was based around commissioning the 
electrical control system of the Premron CHS, but it has 
been decided by the mine site to expand this to include 
all forms of electrical and mechanical testing, including 
the acceptance testing of the access platforms, side 
discharge chute, spray bars, hydraulics, guarding, service 
mounts etc.  
 
The Premron Sizer Feeder modifications are all complete 
with commissioning and acceptance testing scheduled 
for late February. 
 
The Premron engineering team are currently finalising 
the manuals and safety files for the Premron CHS and 
expect these to be sent to site by early February.  
 
The project will encompass the following key objectives: 
• Perform modifications to the Premron CHS to allow a 

more compact machine operating window, allowing 
additional components to be fitted to the machine 
(Ventilation); 

• Provide a customised fully onboard Services and 
Ventilation System within the Premron CHS; 

• Perform modifications to the Sizer Feeder machine, 
to reduce width and height allowing clearance for 
LHD and other equipment; 

• Perform a mini build to test functionality of the 
modifications provided and a full systemisation of the 
entire Roadway Development; 

• Installation and trial in a fully operational 
underground panel. 
 

It is expected to trial on the surface at the host mine site 
now, from March and commence underground trials in 
Q3, 2023. 
 
C33013 
Light Weight Composite Conveyor Support 
Structures 
 
University of New South Wales 
Ganga Prusty 
Serkan Saydam 
 

Value:   $280440 
Report Expected: June 2023 
Industry Monitor/s: Roadway Development 

Task Group 
ACARP Contact: Patrick Tyrrell 

 
This project aims to implement fibre reinforced 
composites into conveyor support structures to achieve 
the light-weighting benefit whilst meeting the safety and 
design requirements of an underground mine. 
 
Following has been taken place during the quarter: 
• Fire testing (Cone calorimetry and UL94 testing) were 

performed on three GFRP composite materials 
proposed from the Wagner Composite Fibre 
Technologies (Wagner CFT), the leading composite 
pultrusion manufacturer in Australia. They are made 
from off-the-shelf resins from Wagner CFT that can 
be used in their large volume pultrusion 
manufacturing system without further resin 
compatibility testing.  

• Two of the three GFRP composite materials are made 
from glass fibre reinforcement and fire retardant (FR) 
resins - Viapal 4838 resin with Flamecheck FR additive 
and Desmocomp AP2000 resin. They are termed as 
FR1 sample and FR2 sample respectively for this 
report. The last sample is a control sample, made 
from vinyl ester resin with no FR component.  

• Based on the Cone Calorimetry studies, the control 
sample (with no FR) is expectedly easier to ignite, had 
higher combustion and produced more heat (about 
15% more). Two fire-retardant samples (FR1 and FR2) 
had similar performance in terms of ignitability, 
combustion characteristics and heat production. 
However, FR2 released large amounts of smoke 
under combustion, while FR1 showed excellent 
smoke performance with very low smoke release.  

• Moreover, both control and FR2 sample failed in the 
UL94 fire testing as they were not able to self-
extinguish when they caught fire. FR1 sample, on the 
other hand, achieved V-0 rating, as it can self-
extinguish fire in minimal timeframe and thus, FR1 
composite material was determined to be used in 
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manufacturing composite conveyor support frame 
prototype.  

• Parallelly, the preparation for the full-scale 
experimental testing of the prototype frame has been 
in positive progress. The designs for the pultruded 
composite frames, necessary joint brackets and 
required customised loading assembly had been 
finalised and are currently in the manufacturing 
stage. Other essential items required for the testing 
such as the conveyor idler, the strain gages, 
displacement measuring dial gages, had been 
acquired and ready to be used in the testing. The full-
scale testing is expected to begin in the first week of 
March.  

 
The next quarter would be the last quarter of this project. 
The project team will perform the full-scale experiment 
on the composite conveyor support structure prototype 
in UNSW laboratory to demonstrate its structural 
capability and validate the numerical model. Then, the 
team will prepare and submit the final report to conclude 
the project.  
 
C33020 
Floor Horizon Control for Roadway Development 
 
CSIRO 
Andrew Strange 
 

Value:   $80,000 
Report Expected: April 2023 
Industry Monitor/s: Roadway Development 

Task Group 
ACARP Contact: Patrick Tyrrell 

 
The overarching objective of this research activity is to 
develop a floor horizon control sensor suitable for 
installation on a production miner-bolter. The key 
outcome of this project is to install an enclosure that is 
capable of housing a floor horizon sensor (ground 
penetrating radar) on a production miner-bolter to 
ascertain how well a new non-metallic enclosure, along 
with the corresponding mounting bracket, can survive 
the roadway environment. The enclosure will not require 
certification because it will not contain a sensing 
payload. 
 
The team implemented a design change to the front 
plough section of the skid base such that it was able to 
ride up over small step ups on the floor. Unfortunately, 
the polycarbonate skid base failed during the final stage 
of testing at CSIRO’s site such that it cracked. The design 
of the skid base has now been modified to make it 
stronger using a thicker material and is about to be 
fabricated. Once that is completed, the new skid base 
and bracket will be retested and if successful, taken to 
the mechanical workshop of a miner bolter OEM for a 
final test install then transported to the host mine site for 
installation and testing on a production miner-bolter. 
 
 
 

Strata Control and Windblasts 
 
C28011 
Prevention Techniques for Stress Corrosion 
Cracking Failures of Rock and Cable Bolts 
 
University of New South Wales 
Serkan Saydam 
 

Value:   $298,380 
Report Expected: May 2023 
Industry Monitor/s: Lesley Munsamy 

Patrycja Sheffield 
Peter Corbett 

ACARP Contact: Peter Bergin 
 
The main objectives of the project are to: 
• Develop prevention techniques, e.g., anti-microbial 

coating, as a long-lasting controlling technique to 
mitigate against SCC in underground coal mines; and 
to 

• Develop guidelines for preventing SCC, which is 
consistent across the industry. 

 
In this quarter, the following tasks have been carried out: 
• The anti-corrosion coating has been successfully 

applied on both rockbolt and cable bolt full-scale 
coupons. All coupons were sent to the industry for 
installation; 

• The electro-resistance test for coating has confirmed 
that the coated surface's conductivity matches the 
industry requirements; 

• The design of the anaerobic load frame is completed, 
and the first trial is being conducted; 

• The project outcomes were presented in Ausrock 
2022, which were well received by the industry; and  

• The anti-microbial testings for both barrier and 
chemical coatings were completed.  

 
The following activities are planned to start in February: 
• Continue with conducting the anaerobic full-scale 

laboratory testing; 
• The final tests of developed coatings, including 

mechanical, electrical and corrosion resistance; and  
• Report writing. 
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C28015 
Evaluation of the Chinese Outburst Assessment 
Methodology and its Applicability to Australian 
Low Permeability Coal Seams 
 
CSIRO 
Qingdong Qu 
 

Value:   $238,270 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

Ken Singer 
Rae O'Brien 
Russell Thomas 
Sharif Burra 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C28020 
Optimising the Cablebolt Pre-Tensioning Practice 
to Control Roadway Roof Failure Using Advanced 
Combined Axial and Shear Testing Facility 
 
Monash University 
Hossein Masoumi 
 

Value:   $165,000 
Report Expected: March 2023 
Industry Monitor/s: Brian Vorster 

Patrycja Sheffield 
Peter Corbett 

ACARP Contact: Peter Bergin 
 
The objective of this project is to investigate the cable 
bolt pre-tensioning practice as followed by Australian 
coal industry through large-scale testing. The selected 
level of pre-tensioning and the technical reasons 
associated with such a selection are to be further 
studied. 
 
Over the past quarter, two additional large scale tests 
were successfully completed and comprised of (1) non-
anchored grouted and pre-tensioned cable under 
relative joint separation loading (axial tension) and (2) 
anchored grouted cable case with no pre-tension under 
combined relative joint separation (axial) and sliding 
(shear), for which the newly fabricated lateral support 
was utilised. As of now, 11 unique large-scale tests have 
been performed out of the planned total of 14 tests, 
where all of the relative joint separation cases are fully 
complete. 
 
In addition to the large scale testing, the coring of some 
of the earlier tested samples was completed as well, 
where the considered cases were, (1) the un-anchored 
grouted cable in relative joint separation, (2) unanchored 
grouted cable in relative joint sliding, (3) anchored 
grouted cable in relative joint separation, (4) anchored 
grouted cable in relative joint sliding, and (5) anchored 
grouted and pretensioned cable in combined joint 

separation and sliding. The coring activity enabled 
observations to be made on the grout-cable interface 
and the grout-concrete interface, and also affirms the 
cable slippage behaviour between the anchored and 
unanchored cases. 
 
The remaining large-scale tests comprise of combined 
relative joint separation and sliding for (1) unanchored 
grouted non-pretensioned cable bolt, (2) unanchored 
grouted pretensioned cable bolt and finally (3) anchored 
grouted and pre-tensioned cable bolt. Additionally, the 
numerical work is progressing to complement the 
experimental tests. 
 
C29008 
Modelling the Onset of Fracture Induced 
Instabilities for Underground Mining Applications 
 
University of Newcastle 
Anna Giacomini 
 

Value:   $203,820 
Report Expected: February 2023 
Industry Monitor/s: John Grieves 

Paul O'Grady 
ACARP Contact: Patrick Tyrrell 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C29011 
Integrating In-Situ Stress Patterns with Basin to 
Local Scale Structures in the Nebo Synclinorium, 
Bowen Basin 
 
University of Queensland 
Joan Esterle 
Mojtaba Rajabi 
Renate Sliwa 
 

Value:   $203,086 
Report Expected: February 2023 
Industry Monitor/s: Mark Laycock 

Rae O'Brien 
Sharif Burra 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
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C29014 
Definition and Quantification of Long Term 
Stability of Coal Pillar Systems 
 
University of New South Wales 
Ismet Canbulat 
John Watson 
 

Value:   $230,000 
Report Expected: March 2023 
Industry Monitor/s: Peter Corbett 

Russell Thomas 
ACARP Contact: Peter Bergin 

 
This project aims to define and quantify the long-term 
stability of coal pillar systems.  
 
The work undertaken since the last report includes: 
• Mathematical models for assessing the long-term 

stability of coal pillars have been developed for pillar, 
roof spalling modes and floor stability; 

• A detailed study into the stability of pillar foundations 
(i.e., floor) has been completed; 

• The final models are currently being combined; 
• The final report is currently being compiled.  
 
C29019 
Mechanical Assessment of Time Dependent 
(Creep) Behaviour of Coal and Coal Measure 
Rocks Under Uniaxial and Triaxial Conditions 
Based on Experimental and Analytical 
Methodologies 
 
Monash University 
Amin Heidarpour 
 

Value:   $205,000 
Report Expected: July 2023 
Industry Monitor/s: Brian Vorster 

Elliot Tembo 
ACARP Contact: Peter Bergin 

 
The objective of this project is to investigate the time-
dependent behaviour of coal and coal measure rocks by 
conducting experiments under various timeframes 
ranging from a month to a year or more. Researchers will 
use creep loading frames in temperature and humidity-
controlled conditions which replicate the underground 
mining environment. 
 
The work undertaken includes: 
• Literature review of this project has been conducted 

extensively and will be continuing in the next quarter.  
• The experimental design phases have been 

completed. 
• Adequate samples have been prepared, received 

across three different sites to run the designed 
testing program. 

• Short-term uniaxial compressive tests have been 
completed.  

• Creep rigs equipped with highly precise 
extensometers are activated, and testing has been 
launched under unconfined conditions.  

• Temperature control system has been modified to 
keep the creep room temperature constant during 
the tests.  

• All ten creep rigs are under test.  
• To date 15 samples have undergone creep 

experiments at different stress levels. Seven of which 
reached their failure stage.  

• Short-term triaxial compressive tests have been 
carried out and the key mechanical properties of the 
sample were determined at different confining 
pressures.  

• The creep rigs have been modified and equipped with 
Hoek Cell set up in order to lunch triaxial experiments 
under creep conditions. 

• The time-dependent properties of failed samples 
have been used to calibrate time-dependent failure 
criteria. 

 
C29022 
Mechanical Investigation of Two Critical Standing 
Support Systems (Timber Chock and Pumpable 
Crib) in Underground Coal Mines 
 
Monash University 
Hossein Masoumi 
Javad Hashemi 
 

Value:   $295,000 
Report Expected: September 2023 
Industry Monitor/s: Bob Coutts 

Brian Vorster 
Dan Payne 
Gift Makusha 
Patrycja Sheffield 

ACARP Contact: Peter Bergin 
 
The main objective of the project is to characterise the 
mechanical behaviour of two standing support systems 
including timber chock and pumpable crib which are 
commonly utilised in underground coal mines in 
Australia.  
 
The timber chock samples are intended to be delivered 
from industry to avoid any bias, in doing so, all timber 
components should be graded visually according to 
Australian standards (AS-2082: Timber-Hardwood-
Visually graded for structural purposes). Based on the 
standard, a visual evaluation is to be applied to 
categorise timbers into 4 structural grades, and 8 
strength groups for seasoned timber (SD1-SD8). 
Moreover, the timbers could be graded into stress grades 
by the Machine-grading method which is the so-called F-
grade. This preliminary study will be able to grade 
timbers physically and mechanically to determine timber 
imperfections. As timber components are graded, a 
robust framework could be developed for the industry to 
stack timber components according to the grade order 
leading to more stabilisation in the timber chock 
structures. 
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Review of the literature shows that only few studies 
related to material and structural characterisation of 
pumpable cribs have been conducted. A previous study 
conducted in the US published in 2017, showed that each 
of the tested factors including support area, 
cementitious material type, wire pitch and fabric bag 
configuration (single vs dual wall) influence the 
mechanical behaviour of pumpable cribs (under pure 
compressive loading) to a certain degree. Therefore, to 
account for material products available in Australian 
industry, it is important to conduct a similar 
investigation. In addition, it is necessary to include two 
additional factors in the experimental program: the 
support height and the curing time of the grout material; 
due to variations in heights of underground mines’ 
roadways and the unpredictability in timings of 
underground loadings.  
 
C29025 
Effectiveness of Shotcrete in Underground Coal 
Mines 
 
University of New South Wales 
Chengguo Zhang 
Joung Oh 
 

Value:   $185,000 
Report Expected: March 2023 
Industry Monitor/s: Ben Forrest 

Brian Vorster 
Julian Potten 

ACARP Contact: Peter Bergin 
 
The main objective of the project is to quantify the 
effectiveness, applications and benefits of shotcrete in 
underground coal mines. It is well known that shotcrete 
is a versatile ground support tool and is becoming more 
common in the coal mining industry because it enhances 
mine safety significantly when properly applied. 
Quantitative information of shotcrete properties such as 
adhesion strength to coal or other rock surfaces and its 
interaction with other support elements such as mesh, 
rock bolts are important design consideration in 
application of shotcrete. Other critical factors of 
shotcrete include shotcrete characteristics, the height of 
application, pinning the shotcrete to the ribs and the 
floor, fibres used, among other design and durability 
considerations.  
 
Over the quarter, a numerical study has been completed 
and the key findings of the study are as follows: 
• Ultimate capacity of shotcrete liner is primarily 

governed by a flexural tensile failure mode. On the 
other hand, the contribution of shotcrete adhesion 
alone to the shotcrete liner capacity was found to be 
limited, however the residual bonded area along the 
shotcrete panel periphery after the major bonding 
failure plays an important role in increasing the 
apparent flexural failure resistance of shotcrete liner 
by reducing free surface area between shotcrete 
panel and the substrate.  

• Another influence factor, e.g., out-of-plane confining 
effects on the shotcrete liner which could be induced 
by ground in-situ stress condition has been 
investigated under the various confining stress 
conditions. The simulation results indicate that the 
apparent resisting capacity of the shotcrete panel 
was monotonically increased with a larger out-of-
plane confining stress.  

• In addition, there is a constant ratio between the 
maximum ultimate capacity, Po* estimated by 
numerical analysis and the calculated capacity, Po, 
based on simple span formulae which ranges from 0.2 
to 0.3 (i.e., = Po/Po*). The analyses revealed that the 
negative bending moment primarily occurs near the 
bolt plate area, whereas positive bending moment is 
distributed at the midspan between the bolt plate 
and centre of the shotcrete panel. The sum of the 
absolute bending moments (i.e., positive and 
negative bending moments) on shotcrete panel is 
almost equal to the total bending moment (Mo) 
calculated by the simple span formulae. Among them, 
the local positive bending (M) on the shotcrete panel 
associated with the global failure of the shotcrete has 
a constant ratio to the total bending moment, ranged 
from approximately a 0.2 to 0.3 ratio (i.e., M/Mo).  

 
The project report with detailed descriptions will be 
submitted shortly. 
 

 
Figure 1. Panel deflections under the conditions of (a) No 
bonding, (b) 1 MPa bonding strength with stiffness of 56 
MPa/mm, and (c) 1 MPa bonding strength with stiffness 
of 560 MPa/mm. 
 
C33019 
Monitoring While Drilling Concept on 
Characterising Coal Mine Roof 
 
CSIRO 
Manoj Khanal 
 

Value:   $279,989 
Report Expected: May 2023 
Industry Monitor/s: Brian Vorster 

Dan Payne 
ACARP Contact: Patrick Tyrrell 

 
A major cause of roof instability in underground coal 
mines is the variable nature (for example, thickness, 
competence, discontinuities) of the coal mine roof that 
may be composed of different strata, including coal roof 
and uncertainty associated with the variation. Normally, 
the geotechnical and geological data gathered from 
exploration boreholes drilled at considerable distances 
from each other are used to characterise the thickness 
and competence of the coal mine roof. This limited data 
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cannot capture local variability present in the coal mine 
roof. The objectives of this project are to investigate the 
applicability of the MWD concept to perform 
geotechnical characterisation of coal mine roofs and 
detect “signatures” of change in roof strata competence.  
 
The planning and discussions to conduct an additional 
field experiment at one of the open cut mines are 
underway. 
 
A representative number of laboratory drilling 
experiments have been conducted on a carefully 
designed layered synthesised strata to investigate if the 
seismic sensors and conventional drill returned signals 
can detect interface less than 4mm.  
 
C33022 
Understanding and Quantifying the Hydraulic 
Characteristics of the Overburden 
 
CSIRO 
Andy Wilkins 
Deepak Adhikary 
 

Value:   $178,070 
Report Expected: June 2023 
Industry Monitor/s: Gary Brassington 

Peter Corbett 
ACARP Contact: Peter Bergin 

 
The objective of this project is to enable accurate and 
immediate quantification of the hydraulic characteristics 
of the longwall goaf. This will enable accurate prediction 
of the impact of mining on the local groundwater and 
surface water systems. It will also facilitate 
understanding of water flows to the mine workings and 
gas flows through the goaf region. The main output will 
be tables, charts and formulae expressing hydraulic 
characteristics as functions of extraction height, 
subsidence, strata strengths, panel width, etc. 
 
Approximately 34,000 numerical models have been run 
during the course of this project, in order to assess 
hydraulic characteristics of the overburden depending on 
mining parameters and geology. Machine learning 
techniques are being employed to analyse this data to 
produce the tables/charts/formulae mentioned above. 
The results are being compared with mine data as well as 
other empirical approaches. 
 
 
 
 
 
 
 
 
 
 
 
 
 

C33024 
Improved Model Upscaling of Overburden 
Hydraulic Conductivity for Input into 
Groundwater Models 
 
SCT Operations  
Yvette Heritage 
 

Value:   $230,000 
Report Expected: November 2023 
Industry Monitor/s: Agi Burra 

Bob Coutts 
Gary Brassington 
Peter Corbett 

ACARP Contact: Peter Bergin 
 
The key objective for the project is to determine an 
upscaling method that bridges the gap of geotechnical 
model fracture conductivity at longwall panel detail, to 
groundwater model bulk conductivity input 
requirements. It has so far been a challenge across the 
geotechnical and hydrological disciplines to upscale 
these detailed fracture flow conductivity results to the 
groundwater models, whilst resulting in flows that are 
consistent with experience.  
 
Collaboration with groundwater modelling consultants 
has allowed understanding of groundwater model inputs 
and limitations. This project aims to understand the 
differences and limitations of the geotechnical and 
groundwater modelling to improve the disconnect 
between the approaches.  
 
Initial investigations into upscaling methodologies has 
shown similar results between local and non-local 
upscaling techniques. Investigation into other potential 
causes of variation in overburden conductivity between 
geotechnical conductivity and groundwater balanced 
overburden conductivity. 
 
Progress on the project during the quarter includes 
investigation into other mechanisms than upscaling 
methods that may contribute to a reduction in 
overburden conductivity is underway. These include: 
• Investigation of the impact of a reduced virgin rock 

mass conductivity to provide more contrast between 
mining induced fractures and the conductivity of the 
virgin rock mass; and  

• Investigation of the effect of desaturation of the 
overburden on effective conductivity. 
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C34012 
User Friendly Computer Program for Modelling 
Fracture Induced Instabilities in Underground 
Mining Environments 
 
University of Newcastle 
Anna Giacomini 
 

Value:   $197,350 
Report Expected: March 2024 
Industry Monitor/s: John Grieves 

Matt Tsang 
Paul O'Grady 

ACARP Contact: Peter Bergin 
 
The aim of this project is to extend the core phase-field 
finite element code developed as part of project C29008 
with algorithms that facilitate the robust modelling of 
fracture propagation through rock and to prepare a user-
friendly program interface. These features will provide a 
more versatile analysis tool based on phase-field finite 
element technology which may be employed to assist in 
the design of roadway roof support systems under a 
range of site-specific conditions. 
 
In this reporting period work has been undertaken in 
close collaboration with the project monitors to ensure 
that the best possible outcomes are achieved for the coal 
industry. A series of technical discussions were held in 
which the benefits of investing additional project 
resources into theoretical research before finalising the 
software for distribution and providing training to users 
were considered. A study examining the effect of various 
simulation input parameters on material behaviour and 
brittleness index was conducted to facilitate this process. 
It was concluded that the development of a highly robust 
simulation tool through further algorithm refinement 
and material model testing should be the primary focus 
of the project with work continuing on creating a draft 
user interface in preparation for deploying the tool as 
part of a later project stage. The project scope has been 
updated to reflect these changes. 
 
In parallel with this fundamental work, the research team 
has also been collaborating with a specialist software 
engineering on the development of a Graphical User 
Interface to facilitate the use of the phase-field finite 
element code by the coal industry in the future. The 
major components of the interface have now been 
designed, allowing the team to progress with a detailed 
design and integration of the interface with the finite 
element code. 
 
 
 
 
 
 
 
 
 
 

C34021 
Roof Beam Support Assessment Tool 
 
Resource Geotechnical 
Terry Medhurst 
 

Value:   $150,000 
Report Expected: July 2023 
Industry Monitor/s: Brian Vorster 

Roger Byrnes 
ACARP Contact: Patrick Tyrrell 

 
Previous projects C22008 and C24015 funded the 
development of a roof support design approach that 
takes account of differing roof conditions, effect of 
support type and stiffness that can be used for mine 
design and in the strata management process. An 
analytical framework was developed for roadway 
development that provides a measure of both support 
load and roof convergence which can be matched and 
updated against roof monitoring data. It is based on 
beam-column principles and incorporates bending, 
immediate roof failure and shear. The model relies upon 
inputs from the Geophysical Strata Rating (GSR), roof 
bolt characteristics including pull-out stiffness/load, in-
situ stress ratio and unconfined compressive strength 
(UCS).  
 
The current project will convert this method into a 
practical site-based software tool to accompany existing 
design methods. A windows based beta version has been 
developed that captures the basic roof beam analysis. 
Testing and refinement is scheduled in quarter 2 of 2023. 
 
C34022 
Risk Based Model for Forecasting Longwall Face 
Cavity Development 
 
University of New South Wales 
Chengguo Zhang 
 

Value:   $173,200 
Report Expected: June 2024 
Industry Monitor/s: Marc Henderson 

Matt Martin 
ACARP Contact: Peter Bergin 

 
No report received.  
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Ventilation, Gas Drainage and Monitoring 
 
C25072 
New Approaches to Mine Gas Analysis and Ratios 
 
Resources Safety & Health Queensland 
Andre De Kock 
 

Value:   $416,192 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

John Grieves 
ACARP Contact: Peter Bergin 

 
The aim of the project is to identify additional gases for 
the detection and monitoring of spontaneous 
combustion. This will be achieved through three 
objectives.  
• Using a medium scale reactor, profile the gases 

evolved from the heating of a Queensland coking coal 
with a methane / ethane seam gas composition and a 
New South Wales coal with a carbon dioxide seam 
gas.  

• Compare these gas profiles to the normal carbon 
dioxide seam gas and methane / ethane seam mine 
fingerprints identified in the first stage of the C25072 
project and project C10015.  

• Expand the current “Fire Ladder” to include 
additional alkanes below the ethylene point which 
can be used to give earlier warning of a developing 
heating / spontaneous combustion and incorporated 
into TARPs. 

 
The work status is as follows: 
• The literature survey of relevant reports and papers 

is in progress; 
• The system to raise the temperature of the input gas, 

from Thermon Australia Pty Ltd, was delivered and 
installed on the 2m column’s input flange; 

• The new control program has been completed and its 
performance has been verified; 

• Higher-ranking coal has been delivered to Simtars in 
January; 

• Following the replacement of two faulty 
thermocouples including calibration and verification, 
which is planned to occur in early February 2023, the 
coal will be prepared for loading into the 2m column; 

• A detailed test plan review is in progress, anticipating 
the loading of the 2m column with the higher-ranking 
coal in February. 

 
 
 
 
 
 
 
 
 
 

C27035 
Automatic Leak Detection for Tube Bundle 
Systems  
 
Resources Safety & Health Queensland 
Sean Muller 
Snezana Bajic 
 

Value:   $220,000 
Report Expected: April 2023 
Industry Monitor/s: Bharath Belle 

John Grieves 
ACARP Contact: Patrick Tyrrell 

 
The objective of this project is to develop a fully 
automated prototype integrity testing system, based on 
information of the flow rates and pressures on tubes. 
This prototype will be able to be retrofitted to any tube 
bundle system, regardless of the supplier. The basis for 
the design of the automated system is Delta 
Automation’s manual integrity testing system. The 
project comprises three phases. The first phase is the 
accumulation and evaluation of presently available 
information relating to flow rates, designs and pressures 
in tube bundle systems used in underground coal mines. 
During the second phase the specifications for automatic 
system prototype will be developed. The final phase will 
be to test the prototype using the Simtars Mobile Gas 
Laboratory (MGL) and then retrofit the prototype to a 
tube bundle system for a trial at the mine site.  
 
There have been a been a number of operational issues 
to date preventing the mine site trial. Retrofitting a 
prototype system at a mine site presents a risk to an 
active gas monitoring system. Simtars are proposing to 
conduct comprehensive testing using the Mobile Gas 
Laboratory (MGL), and adequate lengths of tube-bundle 
tubing to represent an actual scale of a mine site. The aim 
of these tests are to evaluate the following: 
• Effectiveness of prototype to undertake leak testing 

according to AS 2290.3 2018.  
• Ability and accuracy of the prototype to detect leaks 

and changes in tube integrity  
 
A detailed test plan is currently being finalised. The 
Simtars MGL testing is scheduled to commence from 
March 2023. The procurement of the remaining testing 
equipment is being finalised including several kilometres 
each of 5/8 and ½ inch tube, filters and water traps.  
 
The Safegas software is undergoing a major 
redevelopment into Safegas Version 5 (V5). The 
prototype system will be trialled in the new V5 
environment. 
 
Once the comprehensive tests are completed at Simtars. 
The MGL will be deployed to a mine site with the 
prototype automated leak detection device for the final 
system validation testing. 
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C28016 
Ventsim Goaf Model Development - Stage 2: Goaf 
Flow – Ventilation Interactions 
 
CSIRO 
Martin Griffith 
Qingdong Qu 
 

Value:   $319,465 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

Paul Wild 
Peter Baker 

ACARP Contact: Patrick Tyrrell 
 
The project intends to develop a goaf modelling tool 
incorporated in Ventsim. Stage 1 of the project delivered 
an equivalent goaf resistance model that produces 
similar goaf gas flow patterns with existing 
understanding. Stage 2 will further develop the 
modelling approach by calibrating against various real 
scenarios. 
 
Last quarter, the project team wrapped up the results 
achieved from Stage 2 and presented them to the 
industry monitors. The team is now carrying out a final 
list of goaf gas modelling simulations for concluding 
Stage 2. In parallel, the team is finalising the report 
towards completion by the end of this quarter. 
 
C28027 
Effect of Occlusions by Coal and Stone Dust on the 
Sensitivity and Time Response of Methane Gas 
Detectors in Underground Coal Mines 
 
Ampcontrol  
Gareth Kennedy 
Ian Webster 
 

Value:   $90,000 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

John Grieves 
Ken Singer 
Patrick Tyrrell 

ACARP Contact: Peter Bergin 
 
The overall objective of this project is to:  
• Establish the existing degrees of occlusion of real time 

methane sensors in service in underground coal 
mines by qualitative survey, and hence determine the 
potential compromise in performance; and to 

• Verify and quantify the susceptibility of real time 
methane detectors to occlusion by coal and stone 
dust by controlled laboratory testing of typical 
methane sensing devices. 

 
The following tasks were undertaken/completed during 
the quarter. 
 
 
 

Test program: 
• Detail test program was developed, which will be 

implemented after hardware modifications are 
completed and instrumentation tested and verified.  

 
Dust suspension: 
• Investigation into dust suspension led to a decision to 

undertake hardware modification of the chamber 
including modification of the inlet and return 
(centrifugal blower for dust recirculation) and 
installation of electrical rotary motors on the outside 
of the chamber to create vibrations. 

• Preliminary testing show promising results, with dust 
circulating throughout the chamber with induced 
vibrations and increased average dust concentration, 
as measured using Micro Dust probe. 

 
Gas analysers: 
• Gas analysers were calibrated with a zero-span in the 

SIMTARS calibration lab, which verified the % 
displayed on analyser screens matching the analogue 
current output. 

• Gas analysers were installed in the lab near the 
chamber for verification under testing conditions. 

• Verification with zero (nitrogen purge), 1%, 2.5% CH4 
and 20.95% oxygen span gasses ensured correct 
functioning after installation near the chamber. 

 
Next steps - tentative schedule for the February – April 
period is as follows: 
• Testing of dust suspension with motors installed will 

commence in early February. 
• Further optimisation of gas analyser utilisation is 

envisioned to be completed by mid-February. 
• Preliminary test run of the entire system is envisioned 

to commence in mid-February (provided dust 
suspension fulfills the requirements set out in the 
Test Program. 

• Completion of steps 1-3 will lead to full gas detectors 
testing, which is envisioned to be completed in the 
February – April reporting quarter.  

 
C29015 
Revisiting the Fast Desorption Method - Initial 
Gas Release from Pulverised Coal  
 
CSIRO 
Jun-Seok Bae 
 

Value:   $171,931 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

Paul Wild 
Peter Baker 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
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C29018 
Evaluation of Explosion Resistant Ventilation 
Control Devices and Determining Explosion Risk 
Exclusion Zones  
 
University of Wollongong 
Alex Remennikov 
Andre De Kock 
David Carey 
Gareth Kennedy 
Timothy Jackson 
 

Value:   $562,560 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

David Webb 
John Grieves 
Ken Singer 
Rizwan Haque 
Russell Thomas 

ACARP Contact: Peter Bergin 
 
The draft final report for research component 1 has been 
submitted to the Industry Monitors for review and is now 
being rewritten and peer reviewed.  Once approved the 
next stage will be commenced.  
 
C29024 
Contamination - Ethylene from Timber Supports  
 
Resources Safety & Health Queensland 
Sean Muller 
Snezana Bajic 
 

Value:   $94,750 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

David Webb 
John Grieves 
Julian Potten 
Paul Wild 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C29036 
Direct Measurements of Effective Diffusion 
Coefficient of Coal  
 
University of New South Wales 
Peyman Mostaghimi 
 

Value:   $175,000 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

David Webb 
Paul Wild 
Russell Thomas 

ACARP Contact: Peter Bergin 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C33018 
Strata Gas Content using Geophysical Logs and 
Laboratory Measurements 
 
University of New South Wales 
Guangyao Si 
Joung Oh 
Peyman Mostaghimi 
 

Value:   $128,560 
Report Expected: March 2023 
Industry Monitor/s: Agi Burra 

Bharath Belle 
Mark Laycock 
Russell Thomas 

ACARP Contact: David Drakeley 
 
The project objectives are to:  
• Collect and examine geophysical logging data 

available at mine sites and select relevant data that 
can be used for gas content estimation; 

• Develop correlation models for porosity, gas 
saturation, and gas sorption calculation of different 
coal measures based on routinely acquired 
geophysical logs; 

• Conduct laboratory measurements of gas storage 
properties of key coal measures in Australian gassy 
mines and use the results for model training and 
validation; and to 

• Establish gas content estimation models for various 
coal measures using multi-geophysical logs. 

 
Over the quarter, the project team completed helium 
porosity measurements, and 55 sandstone/siltstone core 
samples from Mine B and Mine C were selected for this 
purpose. These measurement results were used to 
compare against the well logs directly derived porosity 
(e.g., density porosity, sonic porosity, neutron porosity), 
see the dots in Figure 1. In addition, to use different types 
of well logs, based on these measured porosity data, 
machine learning was practiced to build regression 
models for porosity prediction (see the red diamond and 
model prediction boundaries in Figure 1). For better 
performance across different boreholes, we applied the 
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lower and upper estimation boundaries for porosity 
prediction. The porosity prediction results were then 
integrated into the overall gas content estimation model, 
which improves the accuracy in estimating free 
compressed gas in coal measures. In the next quarter, 
the team will finalise the project report for submission in 
early 2023. 
 
The main findings of this quarter are summarised below: 
• Among all log-derived porosities, the density porosity 

with positive values can be a good approximation of 
true rock porosity, while other two logs (sonic 
porosity and neutron porosity) normally 
overestimate it; 

• Figure 1(a) and (b) present the training and testing 
results of the porosity prediction model using 
multiple well logs data, respectively. The lab-
measured porosity ranges from 0% to 15% (see black 
cross in Figure 1), most of which falls within the 
model prediction boundaries of 2 RMSE, showing 
promising results for porosity prediction; 

• The train-test data ratio of 1:1 (27 for training and 28 
for testing) was effective in balancing the bias and 
variance for robust prediction across different sites.  
 

 
(a) Training prediction results in individual boreholes 
 

 
(b) Testing prediction results in individual boreholes 
Figure 1. Porosity prediction model applied on Mine B 
and Mine C dataset  
 
C33025 
Evaluating Ventilation Effects on Coal Self Heating 
Incubation Behaviour  
 
B3 Mining Services  
Basil Beamish 
 

Value:   $79,200 
Report Expected: February 2023 
Industry Monitor/s: Bharath Belle 

John Grieves 
Sharif Burra 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 

C33029 
Review Longwall Face Ventilation to Mitigate 
Goaf Gas Emissions onto Walkways and Tailgate 
End  
 
University of Wollongong 
Ting Ren 
 

Value:   $146,500 
Report Expected: March 2023 
Industry Monitor/s: Ventilation Task Group 
ACARP Contact: Patrick Tyrrell 

 
The objective of this project is to conduct a study of LW 
ventilation control practices for effectively mitigating 
high gas emission and accumulation at tailgate ends, to 
minimise production delays and safety hazards.  
 
This study will make recommendations for best practices 
and design of ventilation and gas control measures that 
can be used for general guidance and training for LW face 
ventilation and gas emission management.  
 
Specifically, this project aims to: 
• Conduct a survey and critical review of LW ventilation 

methods, with particular focus on what 
events/factors result in elevated gas levels;  

• Study the ventilation and gas control practices used 
at different mines to manage/prevent elevated gas 
levels, and identify current practices/procedures that 
are working and not working effectively;  

• Develop CFD models, based on specific site 
conditions, to understand gas accumulation 
mechanisms near tailgate ends of typical high gas 
events, the impact of various controls/practices on a 
range of gas events, and common failure mechanisms 
of these measures, thus identifying the best 
controls/practices;  

• Provide a summary report of the above studies on 
common cases exceeding acceptable gas levels, 
major causes of high gas events; common control 
measures (including monitoring) and their failures, 
and recommendations for best practices and design 
of gas control measures that can be used for general 
guidance and training to improve LW face gas 
emission management. 

 
The project team has completed final report (draft) for 
submission to industry monitors for review after internal 
review.  
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C33030 
VR-CFD Based Simulation and Training Tool for 
Dust Control in Gateroad Development Panels  
 
University of Wollongong 
Ting Ren 
 

Value:   $349,800 
Report Expected: March 2023 
Industry Monitor/s: Ventilation Task Group 
ACARP Contact: Patrick Tyrrell 

 
The main objective of this project is to develop an 
immersive simulation tool that can be used to provide 
enhanced 3D visualisation of monitoring and 
computational modelling datasets of dust and ventilation 
flow in an interactive, virtual environment, and clearly 
demonstrate the exposure impact of certain working 
condition changes in gateroad development panels. The 
simulation tool can be used as an educational platform 
to create effective communication of WH&S awareness 
of dust exposure in the workplace for CM operators (and 
engineers) and gain intuitive understanding of dust and 
airflow characteristics around the CMs enabling learning 
of the best practices for dust controls in LW 
development. 
 
The project team has completed final report (draft) for 
submission to industry monitors for review after internal 
review.  
 
C34010 
Time Lapse In-Seam Seismic and Resistivity 
Measurements as an Integrated Component of a 
Smart Coal Seam Gas Pre-Drainage Practice: 
Literature Review  
 
University of New South Wales 
Hamid Roshan 
 

Value:   $60,000 
Report Expected: May 2023 
Industry Monitor/s: Ventilation Task Group 
ACARP Contact: Peter Bergin 

 
Underground-to-inseam (UIS) gas pre-drainage is a 
common practice used in Australian underground coal 
mines to lower the gas content for the health and safety 
of mine personnel as well as addressing environmental 
concerns over greenhouse gas emission. An extensive 
literature review has been performed in this project to 
assess the capability of time-lapse in-seam seismic (ISS) 
in identifying poorly drained areas following gas pre-
drainage operation in underground coal mines.  
 
We have conducted a comprehensive literature review 
on different aspects of ISS and have specifically found 
that i) the ISS is more effective in detecting coal seam 
anomalies than surface seismic surveys, ii) while ISS has 
been rarely conducted in some underground coal mines 
specially in China, the application of time-lapse ISS is 
almost non-existence, and iii) the experimental studies 

on channel waves for rock anomaly detection is almost 
non-existence making the behaviour of channel waves in 
such environment relatively non predictable. Limited 
field applications of ISS show that anomalies can be 
detected by both reflection and transmission waves 
however the behaviour of channel wave in such 
environment still needs a special attention. 
 
During the quarter the literature review focused on 
fundamental of channel wave propagation in coal media 
where four important phenomena were identified and 
analysed including: 
• The channel wave mode of propagation; 
• The dispersion of channel waves; 
• Their travel distance under different propagation 

modes; and  
• Detection of interfaces using different propagations 

modes (see Figure .1).  
 
The results of the literature review shows that 
transmission and refection modes of propagation can be 
used for anomaly detection and can reach 500m spatial 
extent however reflection has high attenuation and 
dispersion thus less spatial extent and detection 
capability. While we were able to collect the literature 
mostly from other disciplines to describe the above first 
three phenomena, the detection of potential interfaces 
remains to be further investigated. We therefore focus 
on this aspect of channel wave to enable a conclusion of 
suitability of ISS for gassy area detection. 
 

 
Fig. 1. Channel wave behaviours under investigation 
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C34011 
Appraisal of Gas Indicators from Goaf Drainage 
Holes for Spontaneous Combustion and Explosion 
Risk Management: Stage 2  
 
University of New South Wales 
Guangyao Si 
 

Value:   $223,254 
Report Expected: June 2024 
Industry Monitor/s: Bharath Belle 

David Webb 
John Grieves 
Ken Singer 
Paul Wild 

ACARP Contact: Peter Bergin 
 
The project objectives are to: 
• Develop CFD models to simulate intensive goaf 

drainage impact and interaction with longwall 
ventilation airflow. This will be calibrated and 
validated by a large amount of goaf gas drainage data 
collected from the Stage 1 project; 

• Understand the migration pathways of leaked air 
from the face to individual goaf holes; and 

• Evaluate the effect of goaf holes on pulling oxygen 
back and goaf fringe size, at various goaf drainage 
scenarios (completion depth, position, layout, suction 
pressure) and goaf natural characteristics. 

 
Over the last quarter, we further improve our CFD 
models to simulate the goaf environment with goaf 
drainage, which was then used to analyse the goaf 
atmosphere and the migration pathways of leaking air 
affected by various goaf characteristics and operation 
parameters of goaf holes. Based on this calibrated 
model, goaf natural characteristics (e.g., gas emission 
rate, goaf permeability) that affect the goaf environment 
have been investigated. At the same time, we compared 
the effect of different boreholes completion depths on 
the goaf environment. As an example, Figure 1 (a) shows 
the O2 contour distribution in the goaf (at the level of 10 
m above the seam, which is also the simulated goaf hole 
completion depth) under the impact of eight active 
boreholes. Besides, the CH4 contour distribution in the 
goaf at 10 m above the seam is shown in Figure 1 (b). We 
also quantified the gas explosion risk in the longwall goaf 
by using the Coward triangle to represent the CFD 
simulation results of the goaf atmosphere. Various zones 
with different levels of explosion risks based on the 
Coward triangle at 10 m and 15 m above the seam cross-
sections are shown in Figure 1 (c) and (d), respectively 
 

 
Figure 1. (a) O2 distribution in the goaf (10 m above the 
seam), (b) CH4 distribution in the goaf (10 m above the 
seam), (c) Goaf fringe zone based on the Coward triangle 
(10 m above the seam), and (d) Goaf fringe zone goaf 
based on the Coward triangle (15 m above the seam) 
 
C34014 
Borehole Tools to Deal with Outbursting, Coal 
Bursting and Gas Drainage: Stages 1 and 2  
 
Sigra  
Ian Gray 
 

Value:   $853,920 
Report Expected: March 2023 
Industry Monitor/s: Brad Lucke 

Ventilation Task Group 
ACARP Contact: Patrick Tyrrell 

 
This project is to produce a survey system for drilling, 
including a rock recognition system and a packer system 
to enable coal seam permeability and gas pressures to be 
determined.  
 
Part of the modular downhole equipment has almost 
finished the IS certification process. Other components 
are undergoing some final changes before being 
submitted for certification; which must be done as no 
changes may be made to the design after the 
certification process.  
 
The uphole equipment which comprises the computer 
and other electronic components has been designed and 
this design is now being reviewed before proceeding with 
getting it built. 
 
The packer system is complete. 
 
Quite a lot of software needs to be written to make the 
system functional.  
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OPEN CUT 
 
Geology 
 
C34016 
Elements in Coal – A Start-to-End Analysis 
 
CSIRO 
Jane Hodgkinson 
 

Value:   $119,035 
Report Expected: June 2023 
Industry Monitor/s: Raymond Howard 
ACARP Contact: Patrick Tyrrell 

 
This project investigates the concentration/dilution of 
elemental content of Australian coal, providing strategic 
mapping to assist the opportunity for innovative 
exploration. The objectives are to: 
• Extend work on C29030 on elemental content of 

Australian coals; 
• Explore the journey and fate of elements in mined 

coal; 
• Better understand where elemental value gets 

moved, concentrated or destroyed through current 
processes; 

• present recommendations on critical and valuable 
element concentration opportunities. 

 
The motivation is to develop a better understanding of 
the way in which current processing may concentrate or 
reduce elemental content in coal through its full cycle at 
the mine. This will inform decision making for processing 
at some mines where concentrations may be improved 
sufficiently to provide a valuable by product from pre-
mined material. The aim is to perform the process at 
three mines along their processing chain, to understand 
likely steps that may be beneficial or destructive to 
possible concentrations and clarify potential 
opportunities for improvement. 
 
We have continued a draft the report but currently await 
samples from the contributing mines. This is causing a 
short delay in the process, and an extension has been 
sought from ACARP monitors, to allow for the anticipated 
extra time needed to complete interpretation after 
samples have been received and analysed. 
 
 
 
 
 
 
 
 
 
 
 
 
 

C34020 
Guideline for Standardising Structure 
Interpretation in ATV/OTV Logs 
 
University of Queensland 
Mojtaba Rajabi 
 

Value:   $163,415 
Report Expected: May 2024 
Industry Monitor/s: Brian Vorster 

Euan Macaulay 
Matt Tsang 

ACARP Contact: Cam Davidson 
 
This project aims to develop a guideline for processing, 
analysis, and interpretation of structures in image logs 
(i.e., ATV/OTV logs) for the use of Australian coal 
industry. Such a guideline will significantly reduce the 
inconsistencies and misinterpretations through image 
log interpretations. To achieve this goal, we will combine 
a wide variety of data including core, ATV/OTV and 
company experts’ knowledge to develop a guideline for 
standardisation of image log interpretation and 
nomenclature.  
 
Progress during this quarter: 
• The early version of the flowchart and guidelines 

were discussed with industry monitors and some of 
the industry partners; 

• In the last quarter we compiled more ATV/OTV logs 
from different mine sites from different tectonic 
settings and locations in Australia and some of the 
coal mines overseas; 

• We reviewed over 620 ATV logs and captured 
different structures such as fractures, faults, 
beddings, cross beds, cleats, breakouts and drilling 
induced fractures; 

• As a part of the image log analysis the library of 
features is being more completed, which is an 
ongoing process to finally have a comprehensive 
library for the final report. 

 
C34029 
Laser Induced Breakdown Spectroscopy (LIBS) as 
a Rapidly Deployable Field Technology to 
Estimate Coal Quality 
 
CSIRO 
Joe Perkins 
 

Value:   $135,510 
Report Expected: July 2023 
Industry Monitor/s: Mark Laycock 
ACARP Contact: Patrick Tyrrell 

 
This project aims to validate Laser Induced Breakdown 
Spectroscopy (LIBS) as a rapidly deployable field 
technology to assess coal quality.  
 
The project aims are to:  
• Calibrate a rapidly deployable handheld LIBS device 

using mine site samples and established traditional 
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testing with the aim of obtaining comparable analysis 
results for fixed carbon, moisture, volatiles, ash and 
Sulphur; 

• Develop experimental protocol to enable the rapid 
field assessment and estimation of coal quality to 
enable informed decisions regarding further 
laboratory testing and exploration strategies; and to 

• Lay the foundation for future adaptation of this 
hardware that would enable LIBS to be utilised as a 
non-destructive method for assessing the numerous 
geophysical survey downholes, thereby greatly 
enhancing the characterisation of a targeted 
resource. 

 

 
 
During the quarter, researchers have continued 
calibration of the LIBS device using a selection of ACARP 
coal bank samples. These calibrations are aimed at 
determining the relative density, ash, fixed carbon, 
specific energy, volatile matter and inherent moisture of 
the samples. Researchers from CSIRO are also 
attempting to work with coal producers to secure access 
to bore core samples after logging and prior to 
subsequent crushing and testing. Testing on these cores 
is likely to take place in Q2 of 2023.  
 
C34033 
Hyperspectral Analysis for Geotechnical Characterisation 
 
University of Queensland 
Katerina Savinova 
 

Value:   $128,500 
Report Expected: March 2023 
Industry Monitor/s: Jafnie Muhsin 
ACARP Contact: David Drakeley 

 
The main objective of the project is to improve 
understanding of geotechnical index parameters and the 
connection to mineralogical characterisation of the 
overburden/interburden material in open cut coal 
operations by using hyperspectral scanning technologies 
for analysis of downhole drill core and chip samples. This 
research will contribute to enhanced prediction of low-
wall and high-wall failures, as well as knowledge to the 
overall rehabilitation behaviour of the spoil piles in the 
region. By the end of the project, a methodology and 
functional workflow for different hyperspectral 
technologies and geotechnical tests for prediction of 
geohazards in open cut coal mines will be developed.  
 
Work to date: 
• Focused working with the imagery (photography, 

laser profiling and hyperspectral images), including 
image segmentation and principal component 

analysis with manual and automated unsupervised 
data processing techniques; 

• Focused on clustering analyses of hyperspectral data 
and geotechnical tests (used several statistical 
approaches and hierarchical clustering techniques); 

• Compilation and plotting of all available data in 
downhole visualisation software packages; 

• Compiling the geological context to the available 
data. 

 
Work planned for the next quarter: 
• Review meeting; 
• Continue compile the available data into a 3D model 

(Leapfrog®); 
• Continue working with the Python code to improve 

the confidence of the unsupervised machine learning 
technique and to complete processing the entire 
available data set; 

• Continue assessment of the geotechnical properties 
of the interpreted minerals/mineral assemblages and 
merging with the hyperspectral data; 

• Create a GUI example for continuing to use and 
interact with the Python code in the future; 

• Develop a methodology and functional workflow for 
working with hyperspectral imagery and the link to 
geotechnical tests; and  

• Complete and submit the final project report. 
 
C34037 
Statistical Analysis of Methods for selecting 
Lithology Boundaries from Density and Natural 
Gamma logs and assessing their ability to select 
Lithology Boundaries in Blast Holes 
 
GeoCheck  
Brett Larkin 
 

Value:   $76,000 
Report Expected: March 2024 
Industry Monitor/s: Mark Laycock 
ACARP Contact: Patrick Tyrrell 

 
This project has the following objectives: 
• Compare the current methods for selecting the points 

on the downhole geophysical density and natural 
gamma curves that indicate lithology boundary 
depths. 

• Assess statistically which method is the most accurate 
and whether this depends on the geological 
environment and/or make of the geophysical tool 
that collected the data. 

• Most current methods make an additional 
adjustment on the selected boundary depths for thin 
coal bands and thin partings within coal seams. This 
is related to tool resolution. The study will compare 
these adjustments. 

• Assess which adjustment method is the most 
accurate and determine if a better method can be 
developed. Again, the most suitable method may 
depend on the geological environments and/or make 
of the geophysical tool that collected the data. 
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• Assess if the lithology boundary methods can be 
applied to blast holes, primarily using density logs 
from the holes but also natural gamma and drilling 
penetration rates. 

 
Two data sets have been analysed for using the slopes of 
the density logs to automatically select lithological 
boundaries. Currently, the two data sets are being 
analysed again to determine how the slopes of the 
natural gamma logs can also be used to automatically 
select lithological boundaries. This has included studying 
what degree of filtering of the natural gamma logs is 
optimal for determining lithological boundaries. 
 
Meetings were held with the geologists responsible for 
the two data sets to discuss the results to date, how they 
make use of Natural Gamma in their work and their 
methods for determining the precise coal boundary 
depths from Density logs. 
 

Drilling and Blasting 
 
C27024 
Evaluation of Production Trials of HP Explosives 
 
Mining3 
Andrew Kettle 
Ewan Sellers 
 

Value:   $477,920 
Report Expected: April 2023 
Industry Monitor/s: Andrew Lau 

Brett Domrow 
Ewen Mills 
Lindsay Ford 

ACARP Contact: Cam Davidson 
 
The project objective is to demonstrate the manufacture 
and delivery of Hydrogen peroxide (H2O2)/oil-based 
emulsion-style explosive using a specialised Mobile 
Processing Unit (MPU) and evaluate blast performance in 
surface mine-site operations with increasing scales of 
production. This project progresses the research plan for 
H2O2-based explosives from confirmation of first viable 
formulations meeting sleep-time and detonation 
performance in project C27023 towards implementation 
and adoption by focussing on manufacture and delivery 
procedures to meet mine-site operational requirements 
with a central focus on safety.  
 
Following successful first commissioning trials of the 
prototype Elquip-designed MPU at Rurex, (see an early 
example in Figure 1) further optimisation has been 
completed, and the machine is being shipped to 
Queensland. The modular approach with prepared 
oxidiser and fuel phase solutions has enables 
independent component supply to the MPU. At the blast 
trials, the emulsion will be manufactured and, depending 
on the module attached, will produce various cartridges 
to be delivered down the hole. This method eliminates 
the transport and storage of explosives and enhances 
security. 

 
Figure 5. An early-stage prototype design for flat-bed 
mounted, skip-based MPU mixer (tray rear) and IBC tanks 
(behind cabin) for the ACARP C27024 and C33041 
projects. Image acknowledgement: Eric Rutten, Elquip. 
 
During November we were invited to present, at the 
International Society of Explosives Engineers Conference 
(Fremantle), our results for the world-first completion of 
United Nations certified Class 1 compliance testing for 
the H2O2, oil-based, emulsion-style, explosive formula. 
The presentation was well received and has gathered 
further interest to our research and technology. UN 
Series 1, 2 and 3 tests were completed by our research 
partner, RUREX. The RUREX facility enables the only 
Australian Independent research capability for the suite 
of UN Class 1 tests. 
 
To advance contract and commercialisation agreements, 
Mining3 has contracted Alex Mandl to drive this 
important research direction. Negotiations are 
continuing with the multiple parties required to deliver 
and utilise the research blast results to support further 
explosives technology integration into the industry. 
 
In the next quarter, we are completing agreements and 
blast planning to deliver the final project milestone (#5) 
of rock breakage trials and demonstrations. Industry 
Monitors should anticipate an invitation to the final blast 
demonstration that will complete the field component of 
this project. 
 
C33041 
Production Trials in Two States of HP Explosives 
with Custom MMU 
 
Mining3 
Ewan Sellers 
 

Value:   $342,034 
Report Expected: February 2024 
Industry Monitor/s: Andrew Lau 

Ewen Mills 
Lindsay Ford 

ACARP Contact: Cam Davidson 
 
The objective of this project is to utilise a prototype 
Mobile Production Unit (MPU), built within project 
C27024, to expand the blast demonstrations of Hydrogen 
peroxide (H2O2)-based explosives. Through executing 
these displays, across state jurisdictions, in varying mine 
site locations, further technical confidence in the blasting 
agent will result. This new H2O2 technology has passed 
product stability testing in C27023, and authorisation 
testing in C27024. 
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Progress: 
• See quarterly report for C27024 for detail of MPU 

progress; 
• To advance contract and commercialisation 

agreements, Mining3 has contracted Alex Mandl to 
drive this important research direction. Negotiations 
are continuing with the multiple parties required to 
deliver and utilise the research blast results to 
support further explosives technology integration 
into the industry; 

• Bulk material components (emulsifier) for the fuel 
phase required for emulsion production, have been 
secured and stockpiled at Mining3, reducing the 
supply chain risks inherent in the manufacture. 

 
C34034 
Advanced Blast Modelling and Geotechnical 
Analysis Tools 
 
University of Queensland 
Italo Onederra 
Zhongwei Chen 
 

Value:   $157,825 
Report Expected: May 2023 
Industry Monitor/s: Adam Forgeron 

Andrew Johnstone 
Jafnie Muhsin 

ACARP Contact: Cam Davidson 
 
The main project objective is to enhance current design 
guidelines and provide further recommendations for the 
optimisation of floor disruption techniques to manage 
low wall stability risks. The project supplements recent 
developments in project C28041 by further evaluating 
and validating protocols to integrate floor disruption 
blasting outcomes with slope stability analysis.  
 
In this quarter, a numerical study for the disruption 
efficiency of floor blasting has been conducted with our 
blast modelling platform (VBOC). Single hole disruption 
scenarios have been designed based on existing field 
data and considering the scaled depth of burial (SDOB) 
concept. The SDOB parameter is closely related to the 
extent of surface heave. This parameter has been tested 
against subsurface disruption to study the relationship 
between charge depth, explosive quantity and location 
with respect to layers of interest. These virtual 
experiments are providing the framework to develop 
practical relationships between floor blast design 
parameters and layer disruption. This analysis also 
includes the application of the disruption index 
developed earlier in project C28041. 
 
To date a number of cases involving a wide range of 
charge configurations have been conducted and results 
have indicated that surface heave can be used as an 
indicator of disruption, however this observation should 
be used in conjunction with layer depth and depth of 
charge information, as disruption (layer dislocation) is 
mainly observed when an explosive charge is below the 
layer of interest. Further analysis indicates that a 

modified SDOB approach may provide a reasonable 
practical solution to explore the development of design 
charts and practical guidelines. 
 
Following the completion of all modelling scenarios, 
heave data predictions will be validated with disruption 
blasting field data recently provided by one of our 
industry monitors. This will allow for the completion of 
guidelines and the submission of the final report by the 
scheduled due date. 
 

Environment 
 
C28035 
Topsoil Deficits in Site Rehabilitation Accelerated 
Transformation of Spoils to Functional Soils 
 
University of Queensland 
Emma Gagen 
Gordon Southam 
 

Value:   $226,450 
Report Expected: April 2023 
Industry Monitor/s: Stephen White 
ACARP Contact: Patrick Tyrrell 

 
Topsoil deficits hinder the effective rehabilitation of 
open cut sites, particularly in the Bowen Basin. The 
objectives of this project are to understand and harness 
the microbiological processes behind the transformation 
of coal mine spoils to functional soils.  
 
Metagenomics data collection and analyses for Field Trial 
#1, targeting nitrogen, phosphorous and carbon cycling 
genes has been completed. Advanced “gene-centric” 
metagenomic analysis which explored the functional 
capacity of the coal spoil microbiome relevant to major 
biogeochemical cycles; were completed for: 
• Beta-glucosidase (GH1 genes), Cellobiohydrolase 

(cbhA, cbhB genes), and Carbohydrate Active 
Enzymes (CAZy genes) of the carbon cycle; 

• Nitrogenase (nifH, nifK genes), urease (ureC gene), 
and enzymes involved in N immobilisation (glnA, gltS, 
gdH genes) of the nitrogen cycle; 

• Alkaline phosphatase (phoD, phoX genes), acid 
phosphatase (phoN genes) enzymes and proteins 
involved in cellular level phosphate regulation (pstS, 
phoU genes) of the phosphorus cycle. 

 
Results of the analysis demonstrated that there are 
microbial functional gaps with respect to all three major 
nutrient cycles, hindering the active transformation of 
coal spoils to “fertile” soils over a relatively short period 
of time. 
 
Metagenome data collection to identify the effect of 
mine-specific soil enhancing bacteria and fungi in the 
Glasshouse Trial and in Field Trial #2 were employed to 
improve on spoil conditions, targeting the reference soil 
as a realistic remediation target. DNA from the 
Glasshouse Trial and Field Trial #2 samples are currently 
with the Australian Centre for Ecogenomics for amplicon 
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sequencing (16s rDNA and ITS) and metagenomics library 
generation and qPCR analysis, which will determine the 
fungi/bacterial ratios of the pot trial and Field Trial 2 
samples. 
 
The current focus is on final report writing and advanced 
molecular data analysis (microbial community 
composition and metagenomics) for inclusion in the final 
report. 
 
C29046 
Erosion and Sediment Control Framework for 
Queensland Mines  
 
University of Queensland 
Claire Cote 
Mandana Shaygan 
 

Value:   $237,200 
Report Expected: February 2023 
Industry Monitor/s: Andrew Lau 

Jason Fittler 
Steve Downes 

ACARP Contact: Patrick Tyrrell 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C29047 
Reducing Uncertainty in Long Term Water Quality 
Predictions for Final Void Management 
 
University of Queensland 
Sue Vink 
 

Value:   $245,600 
Report Expected: May 2023 
Industry Monitor/s: Andrew Lau 

Jason Fittler 
Steve Downes 

ACARP Contact: Patrick Tyrrell 
 
The project aim is to generate information to assist 
management and closure of final voids as permanent 
water bodies, particularly with respect to improving 
predicted water quality. Additional fieldwork has been 
completed during this quarter in voids at two mine sites. 
Vertical profiles of EC, temperature, pH, turbidity and 
dissolved O2 were taken using a sonde. Additional 
water samples were collected for a suite of metals and 
nutrients (N, P). Although the water quality (notably EC 
and temperature) varied between the mine sites, water 
quality within each void showed very little spatial 
variation. The largest water quality variation in each 
void was depth related with each void vertically 
stratified with respect to temperature, EC, pH and 
dissolved oxygen. Very low O2 concentrations were 
found in deeper waters of the pit along with lower 
temperatures and EC. Dissolved metal concentrations 
were generally at or below detection limit and all 
concentrations were below EA trigger values for 
discharge waters. Temporally, salinity and temperature 

profiles A varied so that stratification observed earlier 
in the year was absent during dry season sampling. Field 
sampling in November further corroborated the 
previous results with increased temperature 
stratification due to warming of surface waters. Specific 
conductance was similar to previous field 
measurements with the exception of a small decrease 
in the thermocline possibly due to a slide after recent 
heavy rainfall. Field work will next be conducted in 
March. 
 
A goldsim model previously developed to predict the 
temporal evolution of EC in one of the pits will be 
modified, as required, by incorporating the field data 
and climate data. The model will then be used to help 
constrain current inputs from spoil and groundwater. 
 
C29049 
Saline Pit Lakes as Aquatic Ecosystems: A Design 
Manual for Closure 
 
Edith Cowan University 
Mark Lund 
 

Value:   $1,089,226 
Report Expected: May 2024 
Industry Monitor/s: Andrew Lau 

John Watson 
Stephen White 
Toni Ward 

ACARP Contact: Patrick Tyrrell 
 
In Australia, many community members and regulators 
expect that final voids will be backfilled. However, a lack 
of backfill materials combined with prohibitive costs 
ensures that pit lakes will be a permanent feature of 
most post mining landscapes. Pit lakes are considered 
the ‘greatest legacy of open cut mining’ due to the 
potential for safety issues, ground and surface water 
contamination, and in-lake toxicity. Additionally, pit lake 
science has struggled to find a foothold in mainstream 
literature, limiting wider scientific exposure to the issue 
of pit lakes and holding back advancement of the 
development of remediation and closure approaches. 
Therefore, the broad objective of our proposed research 
is to understand the biophysical processes in 
unrehabilitated saline pit lakes and investigate options 
for enhancing ecosystem services in the Hunter Valley 
and Bowen Basin. 
 
Salinity is a key water quality issue with many Australian 
pit lakes. Many natural lakes are saline and have valuable 
ecosystem values. Understanding the role of catchments 
and nutrient inflows in maintaining salinity within useful 
ranges and driving ecosystem processes is therefore 
important to determine the range of future uses for 
these pit lakes. These future uses may include as aquatic 
ecosystems, recreational areas, and for aquaculture. 
 
The overall project approach has two main components: 
• In situ component - Continuing the monitoring of four 

saline pit lakes (Hunter Valley and Bowen Basin) for a 
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broad range of water chemistry, physical and 
biological parameters from C27043. We have added 
an additional four pit lakes in the Bowen Basin to the 
monitoring program in 2021. Based on findings from 
the C27043 monitoring program, we have introduced 
some refinements for 2021 that include improved 
replication of water quality data, and consistent 
numbers of macroinvertebrate and diatom samples 
between sites. We will sample each lake twice yearly. 
Using instrument chains, installed in all lakes we 
collect hourly data on stratification and salinity levels.  

• Experimental component to examine rehabilitation 
options - Carbon (in the form of terrestrial organic 
matter) determines the nature of the aquatic food 
web and creates important habitat. In C27043, using 
tank mesocosms (1000 L) on site, we tested the 
effects of adding coarse, low-cost organic matter on 
lake water and sediments on biophysical and 
chemical endpoints (as measured in the lake). Based 
on the positive improvements recorded, in this 
project we will reset the mesocosms and test both 
organic matter phosphorus additions. Low 
phosphorus concentrations were recorded in all the 
pit lakes studies in C27043, and additions should 
stimulate primary production, creating more food for 
macroinvertebrates. 

 
Littoral areas are well-established as the most important 
areas for biodiversity in lakes and yet also represent the 
most expensive component of pit lake rehabilitation (due 
to the earthmoving requirements to create these areas). 
We will conduct detailed sampling at a small 
rehabilitated saline pit lake to investigate the influence 
of water depth on biodiversity to determine the littoral 
area requirements of pit lakes for creating productive 
aquatic environments.  
 
As shown in C27043, organic matter additions can 
enhance biodiversity in saline pit lakes. Experimentally 
we will move from mesocosms to a pit lake to test 
organic matter additions in situ.  
 
Artificial floating islands of vegetation will be tested as a 
source of carbon and propagules that could assist in pit 
lake development during filling. 
 
Current activities: 
• In May and November 2022, all four mine sites and 

eight pit lakes were sampled.  
• Experimental: 

o The tank mesocosms were sampled in May 
2022, without having been reset as originally 
planned due to access delays. After two years, 
they have responded differently to what was 
first seen and anticipated in C27043. It is 
planned to continue occasional monitoring of 
the mesocosms rather than to reset them to 
learn more about long term impacts of organic 
matter additions.  

o Littoral areas are currently being assessed as a 
part of the experimental design for 2c. Further 
experimentation is being planned. 

o In October 2022, four pit lakes across the Hunter 
Valley and Bowen Basin are being used for an 
experiment to test the effectiveness of different 
types of organic matter on macroinvertebrate 
communities. Additionally in October 2022 we 
are piloting an experiment to measure organic 
matter breakdown rates in situ.  

o Floating islands (three with plants and three 
without as controls) have been installed at two 
pit lakes in the Bowen Basin.  

 
Another eDNA experiment compared traditional diatom 
sampling to using eDNA was commenced in May 2022. 
We have also completed a database of all pit lake papers 
available and will use this investigate the current state of 
the art in pit lake science.  
 
C33035 
High Water Recovery, Low Cost Desalination using 
PV-Powered Membrane Capacitive Deionisation 
(mCDI) 
 
University of New South Wales 
Chris Miller 
Clare Bales 
David Waite 
Jason Zhu 
John Fletcher 
Yuan Wang 
 

Value:   $334,340 
Report Expected: March 2023 
Industry Monitor/s: Kane Eskola 

Nash Hancock 
Nick Cook 

ACARP Contact: David Drakeley 
 
The objectives of this project are to: 
• Assess, through the implementation of a mine site 

pilot-scale trial, the viability of use of membrane 
capacitive deionisation (mCDI), in combination with 
appropriate pre-treatment processes, for the 
removal of salt and other contaminants from waters 
generated during coal mining operations; and to 

• Provide advice on the designs of mCDI units 
considered appropriate for the treatment of 
particular process streams and/or wastewaters 
produced during coal mining operations with 
particular attention given to: 
o the volume throughput, salt removal capacity, 

water recovery and fouling propensity of 
particular designs, 

o the value and viability of different means of 
powering the mCDI unit (photovoltaics and/or 
mains power), and 

o the potential for use of VR/AR technology in 
remote monitoring and control of the mCDI 
desalination unit. 

 
The mCDI pilot unit has been transported to the test site 
and pre-commissioning work is underway. The PV panels 
that will be used to power the unit have been installed 
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and necessary plumbing work completed. As required by 
the company managing the site, an audit of all electrical 
aspects of the unit has been completed. A company is 
currently undertaking changes required to electrical 
aspects of the unit in view of audit outcomes with these 
expected to be completed by mid-February. 
 
C33043 
Best Practice Management and Performance 
Assessment of Biodiversity Offset Areas  
 
Eco Logical Australia  
Andrew Butler 
 

Value:   $335,540 
Report Expected: March 2023 
Industry Monitor/s: Jono Deacon 

Mark Nolan 
Michael Plain 
Nigel Charnock 

ACARP Contact: David Drakeley 
 
The overall aim of the project is to produce industry 
toolkits (guides/frameworks supported by decision 
support tools) to help managers to: 
• Select Biodiversity Offset Area (BOA) management 

measures that are evidence based, best suited to site 
circumstances and most likely to provide the best 
achievable biodiversity outcomes; 

• Select monitoring and evaluation techniques that 
reliably measure the achievement of desired 
biodiversity outcomes and support adaptive 
management; 

• Consider any emerging bushfire risks associated with 
BOA stewardship and identify options for 
management. 

 
At the request of the monitors, the outcomes of project 
C27038 have been incorporated into the data analysis 
and commentary has been provided to monitors on the 
key finding from this review. The project is in the final 
stage with work focussed on finalising reporting and 
project deliverables. On completion of draft reporting, a 
technical workshop will be convened with participating 
operations. This will provide an opportunity for 
experienced practitioners to give feedback on the draft 
content of the technical guidance documents to be 
produced. This will improve the focus of these 
documents in areas where site environmental managers 
need the most support in decision making. There have 
been delays in finalising the reporting and this will be 
addressed in the next quarter.  
 
 
 
 
 
 
 
 
 

C33045 
Extent, Spread and Risk of Pasture Dieback on 
Mine Site Rehabilitation using Remote Sensing  
 
University of Queensland 
Phill McKenna 
 

Value:   $291,990 
Report Expected: April 2023 
Industry Monitor/s: Andrew Lau 

Nigel Charnock 
Rod Norris 

ACARP Contact: David Drakeley 
 
The aim of this project is to provide an inventory of the 
areas of pasture dieback located within the rehabilitated 
estate of central and southern Queensland. We plan to 
use high resolution site captured aerial imagery, satellite 
imagery and selected field visits to detect and map the 
extent and spread of pasture dieback using remote 
sensing techniques. Note that this project is not aiming 
to determine causal agents of pasture dieback but is 
aiming to map the temporal and spatial dynamics using 
remote sensing methods. The novelty of this project is in 
the use of site aerial imagery which is a resource that is 
already collected by sites but is underutilised for 
rehabilitation monitoring purposes.  
 
Work this quarter involved the detailed mapping of 
spread patterns using random forest classifications and 
the green leaf index calculated using the RGB site aerial 
imagery from Mine Site 1. Three treatment areas were 
compared: i) rehabilitation, ii) ungrazed and, iii) grazed 
areas within and close by the mine lease. Figure 1 shows 
the class proportions within each study area. The spread 
patterns for pasture dieback show peak activity in 2019 
for grazed and ungrazed areas, and late 2019 and early 
2020 in the rehabilitation study area. All sites showed a 
return to green understory vegetation in 2020 and 2021. 
Although remote sensing time series indicate vegetation 
recovery trends, field assessments recorded a shift in 
dominant species, pasture biomass and species richness 
when impacted sites were compared to controls. Work 
for the next quarter includes additional work with Planet 
and Sentinel imagery and working on the final report for 
the project.  
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Figure 6 Time-series using the random forest 
classifications to determine spread patterns in study 
areas on Mine Site 1.  
 
C33046 
Rationale for the use of Paired Continuous Real 
Time Noise Monitors to Reduce Uncertainty in the 
Quantification of Noise from Open Cut Coal Mines  
 
Umwelt (Australia) 
Steve Lyons 
Tim Procter 
 

Value:   $125,000 
Report Expected: March 2023 
Industry Monitor/s: Ned Stephenson 

Ngaire Baker 
ACARP Contact: Patrick Tyrrell 

 
The installation of continuous noise monitors either 
individually or as part of a continuous noise monitoring 
network has been a prescriptive requirement of the 
regulatory authorities since the mid-2000s. The systems 
are cumbersome and the data overwhelming. While the 
SMART phone application has improved information 
accessibility, quantitative source identification can still 
be difficult to achieve. This proposal aims to build on the 
previous work to develop a rationale for using the 
relationship between various data metrics collected by 
paired acoustic monitors to reduce uncertainty in the 
quantification of noise from open cut coal mines in 
complex acoustic environments. This rationale could 
then be used across the mining industry to provide more 
accurate noise source quantification.  
 
During this period, noise and meteorological data for 
2022 has been analysed with the incorporation of 
machine activity and positional information for one of 
the mines included in this study. The analysis 
investigated how the relationship between the paired 
monitors varied with activity at the mine.  

C33047 
Best Method for Determining Atmospheric 
Stability for the Assessment of the Acoustic 
Environment in the NSW Coal Mining Industry  
 
Umwelt (Australia)  
Steve Lyons 
Tim Procter 
 

Value:   $276,000 
Report Expected: March 2023 
Industry Monitor/s: Ned Stephenson 

Ngaire Baker 
ACARP Contact: Patrick Tyrrell 

 
The prime objective of the project is to determine which 
method (Pasquill-Gifford sigma-theta method or 
temperature lapse rate method) is the most appropriate 
for the assessment of noise enhancing conditions, design 
of noise control strategies and the establishment of 
performance-based noise licence conditions within the 
NSW coal mining industry. This would include the 
identification of the most appropriate bin structure for 
the lapse rate analysis. 
 
During this period, noise and meteorological data for 
2022 has been analysed with the incorporation of 
machine activity and positional information for one of 
the mines included in this study. The analysis 
investigated how the relationship between the 
meteorological conditions varied with activity at the 
mine. 
 
C34025 
New Landscape Evolution Model for Assessing 
Rehabilitation Designs  
 
University of Newcastle 
Greg Hancock 
 

Value:   $875,391 
Report Expected: March 2025 
Industry Monitor/s: Chris Quinn 

Jason Fittler 
ACARP Contact: Patrick Tyrrell 

 
The objective is to test and develop the newly developed 
SSSPAM landscape evolution model (LEM) so that it can 
be used easily to evaluate both constructed and 
proposed post-mining landforms. The model will be 
tested and calibrated across a range of sites in 
Queensland and NSW. 
 
A second objective is to develop a database of 
parameters that can be used by the industry across a 
range of sites, materials and climates.  
 
A site visit identified suitable areas for assessment and 
development of model parameters and model 
development. Field and GIS data needs have now been 
determined and GIS data requested for Queensland sites. 
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A laboratory weathering assessment of waste materials 
has developed material specific weathering parameters 
that can be used in the SSSPAM model to predict erosion 
reduction and pedogenesis. The model is currently being 
evaluated.  
 
One site has provided materials and landscape data for 
analysis. Former trial site data has also been supplied 
with additional data sourced from previous projects. The 
data is now being processed with needs for additional 
data being prepared for that site.  
 
C34027 
Microalgae Cultivation as a Low Cost Method for 
Desalinating Void Water and Generator of Post 
Mining Bioeconomic Activity from Final Voids  
 
University of Queensland 
Ben Hankamer 
 

Value:   $841,579 
Report Expected: September 2023 
Industry Monitor/s: Andrew Lau 

Jason Fittler 
John Watson 
Penny Walker 
Trudy Mazucco 

ACARP Contact: Patrick Tyrrell 
 
The project aims are: 
• Isolate and identify commercially relevant microalgae 

strains growing in saline-water filled voids; 
• In response to emerging experimental data and 

consultations, survey and define the bioeconomic 
opportunities generated from desalinated water and 
biomass production; 

• Characterise and optimise the growing conditions to 
cultivate selected microalgae strains in void water; 

• Screen algae strains for their water desalination 
capacity; and  

• Achieve proof-of-principle for this process. 
 
Work conducted this quarter: 
• Strain isolation, purification and identification: We 

blended nutrients into water from four voids to 
isolate a diverse mix of microalgae. Through 
established laboratory purification processes  
17 microalgae (15 axenic), 18 diatoms and  
5 cyanobacteria strains have been isolated. Gradient 
centrifugation methods are being refined in 
combination with chemical and physical treatment 
steps to accelerate isolation and purification success 
for future applications. All strains have been 
morphologically identified, while 18S rRNA 
sequencing is ~50% complete. 

• Strain characterisation: We built a strain library by 
identifying strain-specific nutrient requirements (e.g. 
preferred nitrogen source and pH), their ability to 
grow in liquid and solid media, and medium-term 
survival in artificial media. The fastest growing axenic 
microalgae strains are now scaled up to perform 
robotic growth characterisation studies.  

• Robotics and Analytics: The first microwell plates 
have been prepared via automated dispensing for 
nutrient optimisation screens for two microalgae 
strains. The project has purchased sensors and 
developed methods to analyse salt-removal and 
biomass-composition.  

• Bioeconomic development: Ongoing engagement 
with potential bioproduct end-users and markets 
undertaken to clarify realistic bioproduct ranges, 
prices, and demand. The project is engaging with 
State Government departments to assess regulatory 
challenges for using void water in a post-mining 
context. A SWOT-analysis is progressing.  

 
C34028 
Guidelines for Assessment of Geotechnically Safe 
and Post Mining Landforms  
 
Sherwood Geotechnical and Research Services 
John Simmons 
 

Value:   $120,000 
Report Expected: April 2023 
Industry Monitor/s: Andrew Lau 

Trudy Mazucco 
ACARP Contact: Patrick Tyrrell 

 
Landform safety and stability experience of industry 
professionals is being translated into good practice 
guidelines to provide a process that can be objectively 
followed and is therefore certifiable as required by 
industry and regulators. 
 
Progress since October has been much less than planned, 
due to workload constraints on the project team and also 
the need to absorb learnings from other post-mining 
landform geotechnical assessment projects and 
regulatory initiatives that the group has become aware 
of recently. We now plan to have draft guidelines 
completed by early March 2023 and to review these with 
interested industry parties in March-May.  The project 
continues to be conducted by a combination of regular 
face-to-face meetings, assignment of individual tasks, 
and group e-interactions. 
 
C34030 
Optimising Plant Growth and Flood 
Preconditioning for Tailings Dams  
 
CSER Research  
Mike Cole 
 

Value:   $294,583 
Report Expected: December 2023 
Industry Monitor/s: Andrew Lau 

Shaun Booth 
Trent Cini 

ACARP Contact: Patrick Tyrrell 
 
This project has the primary objective of optimising plant 
survival on tailings dams by assessing pre-conditioning to 
flooding, growth medium mixes and pot size. It also aims 
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to expand the number of primary species appropriate for 
coalfields in NSW and Qld. 
 
Preconditioning floods continue and the plants are being 
readied for inclusion in the field site. Unfortunately, the 
flooding rains of recent months have slowed progress in 
this area. We are about to recommence field planting 
and monitoring. Recent preconditioning floods have 
been with Acacia salicina, Eucalyptus coolabah, 
Eucalyptus camaldulensis var. acuta and Melaleuca 
viridiflora.  
 
An interesting observation for the E. camaldulensis var 
acuta is that they drop their lower leaves including those 
in the 200mm depth of the preconditioning flood. Thus, 
there is no potential for submerged leaves to assist with 
water uptake and transpiration via the hydathodes. Also, 
the plants that died during the flood did not produce 
secondary roots on their stems, again pointing to the 
need for a continuous transpiration stream to keep the 
stem apices alive. Additionally, irrespective of flooding 
this species is producing what appear to be prop roots 
from the stems at different heights. It is possible that 
these are part of a strategy for survival of older saplings 
that have survived flooding in their earlier years. This 
phenomenon will be monitored in coming months and 
years when this species has been planted in the field. 
 
C34035 
High Interest Native Plant Pittosporum 
Angustifolium for Mine Rehabilitation: Key Strain 
Identification and Germplasm Propagation 
Investigation 
 
RNA Environmental Services 
Ryan Anderson 
 

Value:   $197,401 
Report Expected: October 2023 
Industry Monitor/s: Andrew Lau 

Andrew Micallef 
Toni Ward 

ACARP Contact: Patrick Tyrrell 
 
Pittosporum angustifolium is a drought resistant plant 
found in semi-arid regions on highly weathered skeletal 
sandy soils. Pittosporum angustifolium is an ethno-
pharmaceutical plant species reputed to have beneficial 
properties for prostate cancer patients. It also has 
potential as a mined land rehabilitation species. Two 
known parent plants have been identified in the 
Bouldercombe region of Central Queensland. This 
project will produce Pittosporum angustifolium 
tubestock suitable for field implementation. Researchers 
will develop a robust practical methodology for 
successful propagation of the species and assay anti-
cancer properties of phytochemical active ingredients. 
 
The objectives of this project are to: 
• Develop closure beneficial land use opportunity with 

hardy local high interest native species; 

• Document benefits of reference population including 
‘local knowledge’ and prior scientific research; 

• Develop Geodatabase of CQ phenotypic populations 
relevant to mine operators to facilitate; 

• Utilisation of the species distribution best suited for 
site implementation; 

• Genomic characterisation by Australian Genome 
Research Facility (AGRF) to facilitate sub-species 
utilisation. Contribute to national knowledge of 
Australian native plant genomic mapping; 

• Tailored phytochemical extraction methodology 
developed by University of Newcastle specialists; 

• Assay anti-cancer properties of phytochemical active 
ingredients by Bill Walsh Centre Kolling Institute; 

• Develop robust practical methodology for successful 
vegetative propagation not previously achieved; 

• Deliver P.angustifolium tubestock suitable for field 
implementation by interested operators; and to 

• Prepare Final Report and deliver Workshop to engage 
with operators and facilitate tech transfer. 

 
Project progress: 
• Key service providers engaged; 
• Two rounds of fieldworks completed, including 

identification and collection of sample material from 
seven plant populations. Third round of fieldwork 
planned for mid-February.  

 
UoN / BWC: 
• Phytochemical extraction methodology (Cancer cell 

Assay Methodology) completed on trial BPT Gumby 
sample by University of Newcastle; 

• Trial sample Extraction material provided to Bill 
Walsh Centre Kolling Institute (BWC); 

• BWC received cancer cells from USA and currently 
preparing (growing) in laboratory; 

• Additional six samples provided to UoN, extraction of 
these samples and provision to BWC expected this 
Qtr. 

 
TCA (Tissue Culture Australia): 
• Preliminary vegetative propagation underway at TCA. 

Remaining samples to be collected and sent to TCA in 
(South Australia) next week.  

 
AGRF: 
• Samples from 2 rounds of sampling provided to AGRF, 

many from the first round were not in appropriate 
condition when they arrived. Material from second 
round of sampling provided to UoN to Freeze dry and 
provide to AGRF.  

 
Transport issues: 
• Major logistical issues with Freight providers has 

caused program delays, and additional costs. Samples 
are time critical and must be sent from the Bowen 
Basin to 3 locations in Overnight Express to (South 
Australia, Victoria and NSW), this has been very 
problematic, particularly when using Dry Ice 
(Dangerous Goods handling etc.) Material from the 
first round of sampling was not received in 
appropriate state, resulting in the loss of material 
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from the first round of sampling (1 week, 2 people, 
2500km, $2000 (freight costs); 

• To ensure this did not occur again, material from the 
2nd round of sampling was driven from the Bowen 
Basin in a freezer to Newcastle;  

• First round of cancer cells provided to BWC by 
overseas provider were received in an unsuitable 
state due to transport logistics, this was the fault of 
the transport provider and will not impact project 
costs. 

 
C35006 
Literature Review: Creating Viable and Productive 
Grazing as a Beneficial Final Land Use Through 
Targeted Design and Land Management 
 
Mumbulla Environmental  
Leigh Trevaskis 
 

Value:   $100,000 
Report Expected: June 2023 
Industry Monitor/s: Andrew Lau 

Pieter Swart 
ACARP Contact: Patrick Tyrrell 

 
The project objectives are to undertake a literature 
review for identifying gaps in knowledge that may 
prevent the achievement of grazing PMLU completion 
criteria across a range of slopes and spoil materials in the 
Hunter Valley and Bowen Basin respectively. The review 
will: 
• Collate and evaluate: 

o internal company grazing trial outcomes 
conducted in the Hunter Valley and Bowen 
Basin; 

o current industry practice and outcomes for 
achieving grazing PMLU completion criteria; 

o previous ACARP grazing PMLU reports; 
o peer-reviewed research conducted on Hunter 

Valley and the Bowen Basin mine sites; 
o current approaches for proving the 

sustainability of grazing on different slopes to 
meet regulatory requirements. 

• Provide an assessment of previous research, 
including the adequacy of previous trial 
design/repeatability; 

• Conduct a gap analysis of knowledge and practices 
required to achieve completion criteria; and  

• Propose a research plan for addressing any significant 
gaps. 

 
In this quarter, the project has: 
• Engaged eight companies to arrange sharing of 

internal documentation and practices; 
• Distributed a survey to companies that seek to 

understand current practices, outcomes, and 
confidence levels for achieving completion criteria 
across a range of slopes and spoil materials; and  

• Accessed ACARP reports and peer-reviewed 
literature for grazing PMLU studies conducted in the 
Hunter Valley and the Bowen Basin. 

 

Geotech  
 
C29005 
System for Rock Fall Analysis Field Trial  
 
CSIRO 
Anna Giacomini 
Marc Elmouttie 
Peter Dean 
Xun Luo 
 

Value:   $321,268 
Report Expected: April 2023 
Industry Monitor/s: Matt Tsang 
ACARP Contact: Cam Davidson 

 
Systems to detect, monitor and analyse rock-falls in open 
pit mining operations have the potential to improve 
operational safety, improve calibration of rock fall 
simulators (restitution coefficients), and importantly 
provide quantitative data to justify current standoff 
designs. A monitoring system that can accumulate a large 
database of rock fall events across the full strike length 
of highwalls is required. The use of existing monitoring 
systems (radar, vision, lidar) as well as knowledge of the 
wall geometry, geology (rock mass types) and structural 
characteristics (defect orientations and intensities) has 
potential to support detection of events (potentially in 
real-time) and detect rock fall movements accurately 
enough for determination of trajectories (bounce 
kinematics), impact locations and final resting positions. 
This project will field trial a prototype system which will 
consist of software and computing hardware to integrate 
data from radar, vision and microseismic monitoring 
systems.  
 
During this quarter discussions with the industry 
monitors have indicated a more optimised field trial is 
required to facilitate site access and support. To this end, 
the project team has secured internal funding from the 
CSIRO to design and have fabricated a mine-site certified 
support trailer to assist with the deployment of the 
seismic system. A contractor is being finalised and work 
will commence shortly. 
 
In the next quarter, we are hoping the support trailer will 
be fabricated. A field trial plan based on its use has been 
distributed to the project monitors and we are hopeful 
discussions with potential sites will be completed to 
secure a site for field trials and finalise field trial planning. 
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C29044 
Baseline Data for the Development of Automated 
Characterisation of Waste Materials 
 
University of Newcastle 
John Simmons 
Klaus Thoeni 
Simit Raval 
 

Value:   $197,850 
Report Expected: March 2023 
Industry Monitor/s: Adrienna Robotham 

Kim Peckett 
Leonie Bradfield 
Ned Stephenson 

ACARP Contact: Patrick Tyrrell 
 
Good waste dump design and analysis requires accurate 
physical models of the distribution of waste types 
throughout the dump. The detailed mapping of spoil 
types in the evolving dump is an arduous task, and the 
high variability of spoils makes automatic categorisation 
difficult. Machine learning from large data has the 
potential to facilitate automated categorisation, 
however large data on categorised spoils does not yet 
exist. This project will carry out a series of detailed spoil 
mapping studies across many different mine sites, in the 
Sydney and the Bowen Basins, where a range of spoils 
from each studied site are classified in detail according to 
the BMA framework. This will provide comprehensive 
data in support of C29048, which aims to demonstrate 
that machine learning can be used to infer spoil strength 
from spectral analysis of multispectral data. In 
conjunction with C29048, the greater aim is to prove that 
real-time, automated spoil categorisation through 
multispectral analysis is a feasible concept 
 
Work on this project is now concluded and a draft final 
report is being reviewed by members of the research 
team.  
 
C29048 
Image Based Automated Characterisation of 
Waste Materials  
 
University of New South Wales 
Klaus Thoeni 
Simit Raval 
 

Value:   $279,540 
Report Expected: January 2024 
Industry Monitor/s: Adrienna Robotham 

Kim Peckett 
Leonie Bradfield 
Ned Stephenson 

ACARP Contact: Patrick Tyrrell 
 
This project aims to utilise image processing techniques 
to facilitate the automated characterisation of spoil in 
dumpsites. The project involves the collection of a large 
number of drone images from multiple dumpsites. A 
parallel project, C29044, was conducted to provide in-

field characterisation of the geotechnical parameters of 
spoil piles and to ground validate the image-based 
characterisation approaches.  
 
An intensive field study was conducted at a spoil dump 
site in the Sydney basin during a two day visit in 
November 2022. Nearly 80 sample points with geospatial 
information were collected during the field visit. As part 
of the visit, a newly purchased Micasense Altum PT 
(Multispectral/Thermal) sensor was deployed on a DJI 
Matrice 300 drone. The sensor captures high-resolution, 
multispectral imagery in five bands (red, green, blue, red 
edge, and near-infrared) as well as thermal imagery in 
one band. Additionally, optical (Red, Green, Blue, i.e., 
RGB) image data was also captured using the Zenmuse 
P1 camera. By capturing both, multispectral and RGB 
images (Fig), it is possible to compare the results and 
determine which sensor type is optimal for specific 
applications. Preliminary results of the study suggest that 
using multispectral data in addition to optical data 
improves the accuracy of the machine learning-based 
spoil pile characterisation. However, it is important to 
note that further investigation is needed to understand 
the critical features that contribute towards this 
improved performance and to minimise the required 
computational resources. Hence, the dependence of 
characterisation accuracy on multispectral and optical 
image-derived features is currently being assessed. 
 

 
Fig. The multispectral images (a), as opposed to optical 
images (b), can more clearly discern piles. 
 
C29050 
Low Cost Terrestrial Stereo-Pair Photogrammetric 
Monitoring System for Highly Hazardous Areas  
 
University of Newcastle 
Anna Giacomini 
 

Value:   $210,720 
Report Expected: May 2023 
Industry Monitor/s: Brit McArdle 

Dan Stolberg 
John Latilla 

ACARP Contact: Patrick Tyrrell 
 
The current project aims at delivering a user-friendly low-
cost terrestrial stereo-pair photogrammetric monitoring 
system specifically developed for highly hazardous 
unstable areas in open pits. The system consists of two 
boxes with high-resolution DSLR cameras which are 
controlled by two Raspberry Pi microcomputers. 
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The focus over the last quarter was on analysing the data 
acquired by the installed system and optimising the 
processing pipeline to generate the 3D model. The 
system has been upgraded with 4G modems that allow 
direct communication and automatic download of the 
images. A web server has been set up at the university 
that allows the automatic processing of stereo-pair 
images and the viewing of results. Extensive testing is 
currently ongoing to make the interface reliable and 
user-friendly. Figure 1 shows an example of the results 
overview. The results include automatically generated 
3D point clouds, triangulated 3D meshes and rastered 
digital elevation models (DEM) with change detection. 
Figure 2 shows an example of 3D point cloud of the 
highwall currently being monitored. As can be seen, the 
3D model is accessible in the web browser. The user can 
interact with the model. Similar capabilities are now also 
implemented for the change detection results to 
highlight the rockfalls recorded over a specific period.  
 
The researchers are still investigating the possibility to 
install the second system to enrich the amount and 
variability of the data. This is an ongoing process and a 
suitable location will hopefully be identified by the end 
of the month.  
 

 
Figure 1 Results overview shown in the web interface. 
 

 
Figure 2 Example of the result of a 3D point cloud shown 
in the web interface. 
 
C29052 
Autonomous Water Pressure Sensors for Spoil 
Dumps and Dams  
 
Mining3 
Byron Wicks 
 

Value:   $458,040 
Report Expected: June 2023 
Industry Monitor/s: Brit McArdle 

Craig Hagan 
Kim Peckett 

ACARP Contact: Cam Davidson 
 
The geotechnical integrity and stability of a mine spoil 
dump or tailings dam can be weakened by factors 
including abnormal pore pressures and movement 
induced by ground water permeating the embankment 
or the foundation of these structures. These factors 
greatly affect the design, layout, safety, and potential for 
slope failure to affect surrounding areas.  
 
The onset of unwanted ground water-dependent 
responses is difficult to monitor pervasively and 
autonomously using the techniques of ground-
monitoring and instrumentation currently available. 
Mining3 designed and validated components of a 
prototype system to communicate the health of the 
earth structure from sensor data. 
 
In this extension our solution is being refined with further 
requested features being developed in this phase with 
the following progress in the previous three months 
including: transmission range of 400 – 500m compared 
to current range of 170 – 200 metre; increased receiver 
sensitivity and analogue digital converters, increased 
redundancy, and error correcting of transmission data 
due to supply shortage of microcontrollers; more 
sensitive pressure, accelerometer, and movement 
sensors from original specifications due to the long lead 
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times of specialist sensors; increased automation and 
autonomy of system including 4/5G cellular backend and 
monitoring; increased overall power efficiency and more 
efficient transmission; increased battery capacity. 
 
During the quarter researchers have focussed on the 
validation of the system in-situ including the mechanical 
stability of the beacon design, housing, internal 
structural scaffolding, and motor assembly at the 
Mining3 test facility in preparation for an upcoming field 
trial at mine site. 
 

 
Validation of the system for the field trial at mine site 1. 
 
C33040 
Machine Learning for Rockfall Analysis: Feasibility 
Study  
 
University of Newcastle 
Anna Giacomini 
Klaus Thoeni 
Marc Elmouttie 
 

Value:   $92,580 
Report Expected: April 2023 
Industry Monitor/s: Dan Stolberg 

Matt Tsang 
ACARP Contact: Cam Davidson 

 
The current project is undertaking a feasibility study to 
use machine learning (ML) for rockfall analysis of 
highwalls. The objective is to develop a rapid and reliable 
method for estimating the location and energy of rockfall 
events at the base of a highwall for an effective 
mitigation of the associated risks. 
 
The main efforts over the last quarter were in preparing 
the draft final report. This work is now completed and 
the report is currently being reviewed by members of the 
research team. The aim is to submit the draft to the 
monitor next month. 
 
 
 
 
 
 
 
 
 
 

Maintenance and Equipment  
 
C26020 
Preventing Fatigue Cracking Via Proactive Surface 
Dressing  
 
Bureau Veritas AIRS  
Simon Krismer 
 

Value:   $126,940 
Report Expected: July 2023 
Industry Monitor/s: Shane Saunders 
ACARP Contact: Patrick Tyrrell 

 
No report received. 
 
C33033 
Vibration Energy Harvesting for Self Powered 
Sensors at Mine Sites 
 
University of New South Wales 
Binghao Li 
 

Value:   $145,860 
Report Expected: May 2023 
Industry Monitor/s: Brendan Wilkins 

Peter Walsh 
Tim Gray 

ACARP Contact: Patrick Tyrrell 
 
The objectives of this project are to: 
• Identify the potential vibration sources at mine sites; 
• Evaluate the vibration energy capacity available to 

harvest from the vibration sources at mine sites; 
• Review and test the existing vibration energy 

harvesting (VEH) devices in the market; 
• Design and develop new VEH devices for mining 

applications; and to 
• Test the new VEH device.  
 
During this quarter: 
• A prototype of the proposed piezoelectric energy 

harvester (PEH) has been fabricated (Figure 1); 
• Finite element modelling has been done to 

investigate the effect of the auxetic structure, which 
indicates that the auxetic structure can improve the 
power output of the PEH by 1) introducing a lateral 
force on the piezoelectric material with the same sign 
as the axial stress (Figure 2); 2) increasing the stress 
on the piezoelectric material (Figure 3); and  

• Numerical results show that the proposed PEH is 
expected to generate a stable electrical power output 
of 6 μW at 0.5 g excitation acceleration (require 
further investigations via experiments). 

 
Following activities are planned for the coming months: 
• Conduct experiments to evaluate the working 

bandwidth and the electrical power output of the 
conventional plain PEH and the designed PEH (at 
UTS); 
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• Conduct experiments to evaluate whether the 
designed PEH can generate adequate electricity to 
power a Bluetooth sensor; and  

• Analyse the electrical power output and working 
bandwidth improvement of the proposed PEH via 
experiments and numerical modelling.  
 

 
Figure 1. Fabricated prototype of the proposed PEH 
 

 
Figure 2. Displacement distributions of substrates under 
piezoelectric ceramics: along x-axis (a) plain structure 
and (b) auxetic structure; along y-axis: (c) plain structure 
and (d) auxetic structure. 
 

 
Figure 3. Stress distributions of piezoelectric ceramics: (a) 
plain structure and (b) auxetic structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C33034 
Dozer Suspension Seat to Reduce Body Vibration  
 
University of Queensland 
Danellie Lynas 
 

Value:   $78,107 
Report Expected: April 2023 
Industry Monitor/s: Ellen Roots 

Shane Apps 
Tim Gray 
Troy O'Reilly 

ACARP Contact: Cam Davidson 
 
The objective of this project is to evaluate the 
effectiveness of an innovative passive vibration and 
movement cancelling seat prototype in reducing dozer 
operator exposures to excessive whole-body vibration 
during normal operation at surface coal mines. 
 
Previous project data indicates dozers are associated 
with whole-body vibration levels that frequently exceed 
the upper limit of the Health Guidance Caution Zone 
defined by ISO2631.1. Project C26026 provided the 
technology to allow continuous remote monitoring of 
floor and seat accelerations, as well as simultaneous GPS 
data. 
 
An innovative passive suspension system has been 
patented and successfully tested in lab-based 
experiments recreating vertical vibration exposures from 
several different types of commercial vehicles and in a 
field-based experiment evaluating an on-road truck 
application. The design was found to reduce whole-body 
vibration exposures by 50% compared to conventional, 
commercially available mechanical and air-suspension 
seats. Based on these preliminary results, the seat 
suspension design appears to have the potential to 
substantially reduce operator exposure to whole-body 
vibration.  
 
This technology along with data collected in previous 
projects, will be utilised to develop a prototype seat 
tuned to the specific vibration attenuation requirements 
of dozers. An independent evaluation of the 
performance of the seat in real mine operation utilising 
the technology developed in project C26026 will be 
undertaken. 
 
Progress to date:  
• Analysis software is in place and two dozers have 

been instrumented with floor and seat sensors - data 
is being received; and  

• A prototype seat base tuned to the specific vibration 
attenuation requirements of the dozer has been 
laboratory tested in the US and fabrication to 
replicate the site dozer seats is in progress – seat 
installation is anticipated May 2023. 
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C33036 
Radar Tyre Monitor System 
 
CSIRO 
Luke Powell 
Pat Humphries 
 

Value:   $132,382 
Report Expected: August 2023 
Industry Monitor/s: Brendan Wilkins 

Rob Fraser 
Tim Gray 

ACARP Contact: Cam Davidson 
 
Underinflation and/or overloading of mine truck tyres 
causes undue cyclic stress to the internal steel cords, 
causing them to fatigue. “Zipper” failures can occur when 
such damaged tyres are reinflated, potentially causing 
serious injury or fatality. This project is undertaking the 
development and trialling of a monitoring system for 
haul truck tyres to identify tyre fatigue. The proposed 
system would consist of a continuous monitoring sensor 
combined with software analytics that will seek to 
identify and characterise significant changes in the tyre 
structure that correlate with incipient failure modes. 
 
During the past quarter, contact has been made with a 
local tyre repair facility to get a deeper understanding of 
the internal tyre makeup and repair techniques of radial 
and bias ply type tyres for use on mining vehicles. Access 
to tyre segments for testing has been approved by the 
facility and is currently in the stages of selecting 
appropriate tyres for segmenting and shipping to CSIRO 
QCAT where radar testing will be conducted. 
Development has continued in preparation for large tyre 
segment testing. 
 
C33044 
Design and Evaluation of a Passive Structural 
Fatigue Gauge 
 
EngAnalysis  
Charl Pieterse 
Ian Stevenson 
John Vazey 
 

Value:   $169,055 
Report Expected: March 2023 
Industry Monitor/s: Brendan Wilkins 

Peter Walsh 
Tim Gray 
Weylon Malek 

ACARP Contact: David Drakeley 
 
This project aims to investigate and assess the feasibility 
of a passive fatigue sensor serving as a cost-effective 
alternative to detailed strain gauge testing regimes and 
fatigue analyses. The project involves the design and 
construction of two custom fatigue testing machines that 
were later used to evaluate three variants of fatigue 
gauge designs illustrated below in Figure 1. These 
include: 

• One design based on the observation of crack growth 
rates in a pre-cracked sample (Phase 2 fatigue); 

• One design based on the observation of crack 
initiation in samples with varying notch geometries 
(Phase 1 fatigue); and 

• One design based on the observation of crack 
initiation in samples with varying strain amplification 
factors (Phase 1 fatigue). 

 

 
Figure 1: ‘Crack Propagation’ Gauge (Left), ‘Notch 
Geometry’ Gauge (Middle), ‘Strain Amplification’ Gauge 
(Right) 
 
The two gauge designs based on the principal of ‘Phase 1 
fatigue’ (crack initiation) were deemed too sensitive to 
small surface imperfections to produce a useful metric of 
fatigue in the parent structure. The gauge design based 
on the principal of ‘Phase 2 fatigue’ (crack propagation) 
was found to produce the most promising results. 
However, even this design initially produced highly 
variable results while operating at low strain ranges. It 
was later found that by initiating genuine fatigue cracks 
through a brief exposure to low cycle fatigue, these 
samples would thereafter produce highly consistent and 
predictable behaviour. 
 
It was suggested that gauge performance may be further 
improved by implementing changes that reduce or 
prevent minor shear-mode buckling of the thin samples 
as they fail under a pretension. This may be achieved by 
either increasing the thickness of the samples or by 
reducing the length of the strained element. 
Unfortunately, both would require changes to the testing 
apparatus which prevent them from being implemented 
in this iteration. 
 
Throughout the coming quarter, we aim to finalise the 
analysis of all test results and present the projects 
findings in a report for review by the industry monitors. 
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C34026 
Human Aspects of Automation and New 
Technology in Mining: Integrating People and 
Technology Through Human Centred Design  
 
University of Queensland 
Robin Burgess-Limerick 
 

Value:   $375,573 
Report Expected: April 2024 
Industry Monitor/s: Belinda Martin 

Brad Lucke 
David Martin 
Leveson Sutton 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
This project focuses on how automated subsystems and 
other new technologies being introduced to coal mines 
can fully accommodate human abilities and limitations 
and be fully integrated into overall operational work 
systems. 
 
During the quarter the following project activities have 
occurred: 
• Site visits. In December, the team visited a coal mine 

in central Queensland that is deploying a semi-
autonomous longwall mining system. Our analysis 
included examining the tasks of control room and pit 
staff, and giving ergonomics advice around the new 
control room set-up. This will form one of the case 
studies for the project. 

• A second case study examining an operator 
awareness system was completed and sent to the 
industry monitors for comment. 

• A third case study, concerning dozer automation, 
collected initial information. This is currently being 
written up. A site visit to further develop this case 
study is planned for 2023. 

• Analysis of leading practice human-centred design / 
human-systems integration in related domains for 
lessons applicable in mining: our review was 
completed and sent to industry monitors for 
comment. 

• A database of new technologies in mining with 
human factors implications has been created and 
initial entries added for worldwide mine sites. The 
database continues to be expanded throughout the 
project. 

• A review meeting was held in November. At the next 
review meeting, further site visits to coal mine sites 
in central Queensland that are introducing 
automated haulage will be finalised for 2023. 

 
 
 
 
 
 
 
 
 

C34031 
Reducing Noise Emitted by Heavy Vehicles in 
Open Cut Coal Mines 
 
University of Technology Sydney 
Ray Kirby 
Mahmoud Karimi 
 

Value:   $231,645 
Report Expected: April 2024 
Industry Monitor/s: Brendan Wilkins 

Tim Gray 
ACARP Contact: David Drakeley 

 
The aim of this project is to develop bespoke 
computational software that will be used to develop and 
optimise the design of splitter silencers used to attenuate 
noise on the intake and exhaust openings of cooling 
systems incorporated on turbomachinery in the mining 
industry. The objectives of the project are to:  
• Develop a theoretical model for the prediction of 

sound attenuation by splitter and louvre silencers 
used in turbomachinery intake and exhaust openings 
of cooling systems.  

• Validate the new model by predicting the 
performance of existing designs and compare against 
experimental measurements provided by Hushpak.  

• Use the validated model to optimise silencer design, 
which is likely to be through the optimisation of 
material parameters and the number and geometry 
of the baffles.  

• Design and test a new silencer for Hushpak, who will 
build, install and test the new silencer on a real 
commercial application.  

 
During the review meeting held in January, progress 
towards development of the numerical model and the 
validation was reported. Important subjects discussed 
during the meeting included the durability of the acoustic 
media, requirements for good airflow, and a summary of 
problems the project could address following validation. 
During the next quarter, validation will be completed and 
work began upon louvre optimisation.  
 
C34036 
Tyre Handler Testing Rig Stage 2 
 
University of Queensland 
Michael Heitzmann 
Peter Knights 
 

Value:   $97,292 
Report Expected: March 2023 
Industry Monitor/s: Brendan Wilkins 

Rob Fraser 
Tim Gray 

ACARP Contact: Cam Davidson 
 
Tyre handling is a major risk in surface mining operations. 
In a previous project, a tyre handler grip test rig was 
designed, developed and commissioned. The rig enables 
the frictional force between gripper and tyre to be 
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quantified for a range of tyre types, pressures, tyre tread 
and sidewall wear modes, and surface wetting 
conditions. This project covers the next phase of test 
work. Researchers aim to establish force-slip curves for 
handling R57 series tyres under different conditions, a 
set of preliminary industry guidelines for safe lifting 
practice using tyre handling equipment, 
recommendations on factors of safety suited to lifting 
tyres (dependent on their condition), and 
recommendations for safe handling pressure for 
pressurised tyre movement. 
 
A series of forty-eight tyre handling tests were conducted 
during the period Oct-Dec 2022 at Bridgestone’s Oxley 
yards using the Tyre Handler Grip Test Rig. The tests were 
conducted on new, semi-worn and fully worn tyres in 
both unpressurised and pressurised condition (10, 15 
and 20 psi) and wet and dry conditions. Figure 1 shows a 
typical lift of an unpressurised dry tyre. The negative 
force recorded is due to tyre bulge as the tyre is clamped. 
As lifting commences the weight of the tyre is taken up 
until the rig harness begins to restrain lift. Lifting 
continues until a series of stick-slip incidents occur, 
culminating in an ultimate slip of the tyre from the grips. 
The Factor of Safety can be measured by comparing the 
force at ultimate slip with the tyre weight.  
 
The final report for this project is currently being drafted 
and will be submitted to the industry monitors for 
comment end February. 
 

 
Figure 1: Typical force-time graph for tyre handler lifting 
an unpressurised dry tyre. 
 
C34038 
Development of Innovative Lock Ring Free OTR 
Wheel  
 
University of Queensland 
Lenny McInnes 
 

Value:   $305,800 
Report Expected: April 2024 
Industry Monitor/s: Brendan Wilkins 

Rob Fraser 
Tim Gray 

ACARP Contact: Patrick Tyrrell 
 
The project objectives are to: 
• Design, prototype and validate the function and 

operation of novel concepts for a fail-safe OTR wheel;  

• Create an intermediate scale wheel that can be 
trialled on a modest size tyred mining machine such 
as a grader or maintenance loader; and to 

• Perform a trial that will provide real world 
development information required to prove the 
concept., inc. tyre changing, fitment operations and 
operational performance. 

 
Literature survey requested by the industry monitors is 
close to completion (draft, awaiting project supervisor 
review). Literature review has highlighted both expected 
risks and unexpected risk areas. Significant unexpected 
risk area is the hazard of tyres detaching from wheels and 
wheels detaching from vehicles. The potential for a 
runaway tyre or wheel creates a significant risk. 
 
The literature review has revealed some existing 
technology that will be considered for incorporation into 
the novel wheel concept. The Literature review 
document completed and submitted in January. 
Following submission of the literature review, 
development of the fail-safe concepts will continue, 
including development of lab apparatus to validate the 
fail-safe concepts. 
 

Mining and the Community 
 
C28046 
Broader Contribution of Coal Sector Employment 
to Indigenous Individuals, Families and 
Communities 
 
Myuma  
Michael Limerick 
 

Value:   $199,472 
Report Expected: April 2023 
Industry Monitor/s: Anthony Galante 

Hayden Leary 
Weylon Malek 

ACARP Contact: Patrick Tyrrell 
 
The project aims to investigate the impact and 
contribution that employment of Indigenous persons by 
coal companies has made to the life circumstances of 
those individuals and their families and communities – in 
terms of not only material wellbeing, but other social and 
economic dimensions, including health, education, 
emotional wellbeing, levels of social capital and even 
cultural resilience.  
 
All data collection and analysis for the project was 
completed in this quarter and the report-writing 
commenced. The report is due for completion in the next 
quarter. A forum is being organised with the Queensland 
Resources Council in June 2023 to discuss and workshop 
the research findings with relevant industry personnel. 
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Health and Safety 
 
C25026 
Reducing Risk Taking Among Australian Coal 
Miners  
 
University of Newcastle 
Anna Giacomini 
 

Value:   $302,235 
Report Expected: February 2023 
Industry Monitor/s: Doug Kennedy 
ACARP Contact: Patrick Tyrrell 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C26026 
Continuous Monitoring of Whole Body Vibration 
and Jolts and Jars Associated with Operating 
Earth Moving Equipment  
 
University of Queensland 
Robin Burgess-Limerick 
 

Value:   $328,704 
Report Expected: May 2023 
Industry Monitor/s: Ellen Roots 

Shane Apps 
Troy O'Reilly 

ACARP Contact: Patrick Tyrrell 
 
The project objectives are to: 
• Develop, demonstrate, and evaluate iOS and server 

software to allow continuous monitoring and analysis 
of earth-moving equipment operator vibration 
exposures using off-the-shelf hardware;  

• Utilise this system to obtain an enhanced 
understanding of the sources of elevated whole-body 
vibration and impact loads associated with haul truck 
and dozer operation at a surface coal mine; and to 

• Make the software freely available for adoption by 
other sites.  

 
Hardware involving a miniature accelerometer located in 
the seat and on the vehicle floor, and utilising a 
Raspberry Pi microcomputer has been designed and 
software coded. Data inspection and analysis software 
has been completed.  
 
Data are now being obtained from accelerometers 
mounted in both floor and seat of trucks at a central 
Queensland coal mine. Hardware has been fabricated to 
allow all equipment on site to be instrumented. This is in 
the process of being installed, including the installation 
in two dozers that will also be utilised in a subsequent 
project to assess an innovative suspension seat (C33034). 
The final report is being prepared. 
 
 
 

C33005 
Human Factors Aspects of Tyre Handling 
Equipment Design and Operation Examined 
within an EMESRT Control Framework Approach  
 
University of Queensland 
Mike Boyle 
Nathan Cables 
Robin Burgess-Limerick 
Sara Pazell 
 

Value:   $416,528 
Report Expected: February 2023 
Industry Monitor/s: Christian Jensen 

Iain Curran 
Matt Clements 
Tim Gray 
Tony Egan 

ACARP Contact: David Drakeley 
 
The draft final report has been submitted to the Industry 
Monitors for review.  
 
C33007 
EYECUE - Real Time Safety Monitor and Alert 
System for Tyre Handling  
 
Fingermark 
Mike Boyle 
Nathan Cables 
Robin Burgess-Limerick 
 

Value:   $775,800 
Report Expected: March 2023 
Industry Monitor/s: Christian Jensen 

Iain Curran 
Matt Clements 
Tim Gray 
Tony Egan 

ACARP Contact: David Drakeley 
 
The purpose of the first phase of the tyre monitoring 
project was to prove that using Computer Vision (CV), 
Machine Learning (ML) and Artificial Intelligence (AI) can 
improve worker safety in real-time when workers are 
engaged in changing, removing, servicing, and refitting 
large vehicle tyres in a mining workshop environment. 
This trial has also highlighted the applicability of the 
technology to other mining use cases. Most major 
milestones have been achieved to date, and product is 
commercially available. 
 
The phases completed to date are: 
• Objective 1 - Conduct a live trial to assess the viability 

of a real-time Computer Vision safety and alerting 
system in the tyre maintenance bay. - Conducted at a 
site in central Queensland, was to survey and install 
cameras and HW, build software technology, utilising 
artificial intelligence to recognise 
human/vehicle/equipment interactions, to improve 
overall safety. Central to the objective was to ensure 
that the product was scalable, and configurable, 
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rather than being a custom design for each site. This 
objective will be completed by the end of March.  

• Objective 2 - Encode the safety control framework 
rules as application logic within the system. - The 
requirement for the technology to identify humans, 
vehicles, and equipment and track the live 
interactions between them in the work area. Rules 
from the EMERST control framework, tyre contractor 
SOP, and the mining company tyre changing 
procedures were applied in the software in real time 
to highlight when humans are operating outside the 
recommended performance parameters. This is 
ongoing development and accuracy has continued to 
improve. With the help of onsite staff at the trials – 
we are achieving high levels of accuracy. We will 
consider accurate recognition and movement of 
vehicles/people/tyres to be acceptable when we 
achieve 95%+ correct recognition and categorisation 
of potentially hazardous events. On target for Q2 
2023 achievement. Data of events is being generated 
and categorised for the site now.  

• Objective 3 - Demonstrate real-time alerting of 
breaches to the SOP using the system. - Objective was 
to provide prompts (audible, visual or industry 
defined), to warn or remind workers if they are 
working outside of recommended procedural 
guidelines to help proactively prevent reportable 
incidents before they occur. EYECUE system alerts 
and alarms to remind people when they are 
approaching to or operating outside of defined 
performance parameters and procedures, acting as a 
reminder that they are breaching the tested process.  

 
Objective 3 is tied to objective 2, as soon as accuracy is 
confirmed – alarms will be enabled, so a before and after 
alert/alarm data can be compared. On target for 
completion by May/June.  
 
• Objective 4 - Incorporate key findings from project 

C33005 – ongoing. Work with researchers from UQ 
MISHC to ensure that there is an understanding of the 
human factors causing lapses in behaviour and the 
contributing factors identified in their work. The 
feedback from site visits has been incorporated, and 
future learnings will be applied to the technology in 
the next rounds of development.  

 
As well as human factors feedback, ongoing staff 
feedback is continuing.  
 
Legal review now being completed for second site in 
NSW to improve scalability and accuracy of the product 
and to investigate further HW/SW integration for alerting 
and alarming, as well as accuracy and scalability of the 
system for practical use.  Legal review completed by 
Fingermark team in February, now sitting with the mining 
customer for return. Fingermark is available to stand up 
the software immediately upon completion.  
 
 
 

C33008 
Relevance and Applicability of Inhalable Dust and 
Current Issues with AS3640  
 
University of Queensland 
Guldidar Kizil 
Hsin Wei Wu 
Mehmet Kizil 
 

Value:   $244,833 
Report Expected: April 2023 
Industry Monitor/s: Andrew Lau 

Bharath Belle 
Brad Lucke 
Kevin Rowe 
Sharif Burra 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The aim of this project is to investigate the relevance and 
applicability of inhalable dust monitoring program 
implemented by Australian coal mining industry at the 
present, identify any issues with AS3640 - Workplace 
atmospheres - method for sampling and gravimetric 
determination of inhalable dust, and examine the reason 
behind the suspension of inhalable dust person exposure 
limits in the USA.  
 
Objectives: 
• Investigating the relevance of inhalable dust 

particulates and its adverse health effects associated 
with exposure of these particulates to CMW; 

• Validating the applicability of the inhalable dust 
monitoring program currently implemented by 
Australian coal mining industry; 

• Identifying any issues with AS3640 (Workplace 
atmospheres - method for sampling and gravimetric 
determination of inhalable dust); and  

• Examining the suspension of inhalable dust person 
exposure limits in the U.S. 

 
Currently: 
• Completing the analysis of coal dust particle size 

distributions of collected samples; 
• Finalising the draft report for submission. 
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C35020 
Human Centred Interactive Training Experiences 
in OTR Tyre Handling  
 
ViVA! Health at Work 
Sara Pazell 
 

Value:   $236,776 
Report Expected: September 2023 
Industry Monitor/s: Brendan Wilkins 

Rob Fraser 
Tim Gray 
Tony Egan 

ACARP Contact: Patrick Tyrrell 
 
The aim of this project is to contribute to resilient tyre 
maintenance work systems in the global mining 
community through a human factors analysis of 
accessible and effective training and learning 
experiences that depict safety-critical tyre handling 
equipment operations.  
 
The objectives are to: 
• Gain rich insight into the critical learning 

requirements (e.g., what does someone need to 
know and do) to manage safe and productive tyre 
handling operations, with a focus on mitigating the 
credible fatal consequences; 

• Use human factors findings to inform the 
instructional design and development of high-fidelity 
educational content with 15 – 20 learning 
experiences about safety-critical tyre maintenance 
activities per an Interactive Product Viewer; and to 

• Determine the utility and impact of interactive 
training material about tyre handling equipment use 
and its Required Operating States, Credible Failure 
Modes, and Business Inputs within a Control 
Framework (i.e., To examine whether the learning 
experiences are accessible, comprehensible, 
meaningful, and manageable). 

 
The key learnings from the project C33005 were depicted 
in a collaborative digital whiteboard space to share with 
the Industry Monitors and specialised industry 
representatives. The 18 video-based animations 
developed in C33005 were reviewed by subject matter 
experts who advised final revisions. These will help 
inform the learning experiences for this project. Three 
workshops were scheduled for 2023 to review scenarios 
with tyre fitters/operators and the draft workshop 
outline was developed with instructional design and the 
extended reality technology partners. The first workshop 
will commence in February. Invitations to relevant 
mining industry representatives were issued through 
EMESRT and through related project partners (e.g., US 
SMI). A trial session is being undertaken in January with 
one subject matter expert volunteer to test the utility of 
the approach.  
 
 
 
 

Overburden Removal 
 
C27063 
SATS Automated Mission Planning  
 
University of Queensland 
Peter Beasley 
Ross McAree 
 

Value:   $346,046 
Report Expected: March 2023 
Industry Monitor/s: Brian Neilsen 

Shaun Booth 
ACARP Contact: Cam Davidson 

 
The Caterpillar Semi-Autonomous Tractor System (SATS) 
allows for autonomous mining of overburden through 
bulk push operations. It performs various bulk 
movement techniques, including Push-To-Edge, Tip-
Head, and Pivot-Push. SATS operates by executing 
missions created by a remote operator, who can oversee 
multiple bulldozers executing their own missions. 
 
The project explored the benefits of using an Automated 
Mission Planner (STAMP) to create and organise missions 
for a team of SATS-enabled bulldozers. STAMP takes into 
account pit geometry, updated by sensor measurements, 
and optimises push plans using material movement 
models. The operator can approve the missions 
presented by STAMP through the operator console, and 
monitor up to four bulldozers at a time. STAMP plans to 
avoid idle time for the bulldozers and continuously 
adjusts the mission sequence to account for variations in 
actual work. 
 
This approach of autonomous mission planning and 
execution has demonstrated numerous benefits, 
including improved cycle times, higher blade loads, and 
reduced rehandle. The project completed two trials, with 
the second trial showing that SATS-with-STAMP reduced 
operator workload and achieved 60% higher productivity 
than manual operation. Equipment utilisation also 
improved. The operators also expressed positive views of 
the technology and reported reduced workload. 
 
A draft of the final report for this project has been 
developed and is under review by stakeholders. It is 
expected to be submitted to the industry monitors in the 
next quarter.  
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COAL PREPARATION 
 
Dewatering 
 
C27016 
Eriez HydroFloat in Plant Evaluation  
 
Eriez Magnetics  
Darren Mathewson 
Liam Davis 
 

Value:   $155,600 
Report Expected: June 2023 
Industry Monitor/s: Han Hooi 
ACARP Contact: Ben Gill 

 
The Eriez HydroFloat is a small footprint, high capacity, 
coarse particle flotation technology capable of 
recovering coal from a fine (eg -2.0 +0.25 mm) material 
stream using both density and surface chemistry 
properties of the feed. This hybrid technology combines 
the capacity and throughput of a density separator, with 
the selectivity of flotation.  
 
The yields from 19 tests on the TBS feed stream at the 
first site were very high at an average of 97.1% (ad) at 
low product ashes with an average of 8.8% (ad). The 
tailings ashes were high at an average of 75.4% (ad) and 
the combustibles recoveries were extremely high at an 
average of 99.2% (ad). As expected, the greatest 
variation in yield was in the +1.4 mm size fraction, which 
ranged from 79 to 96.3% (averaged 89.4%) (ad). The yield 
of the other size factions was >95% (ad), on all but one 
occasion. The Organic Efficiency for the -2.0+0.25 mm 
fraction was up to 99.7%. 
 
The Whiten equation was curve fitted and showed 
cutpoints between 1.80 and 2.20 RD with -2.0+0.5 mm 
Eps of between 0.087 and 0.166 for the four best tests. 
Due to the higher than expected cutpoints, there is often 
only one, or zero, float-sink fraction above the calculated 
cutpoint, so the curve-fit is significantly overestimating 
the cutpoint and the Ep. Being the very first Australian 
HydroFloat trial, it was also expected that some results 
would be sub-optimal.  
 
Testing at a second site was delayed due to travel 
restrictions and then operational circuit changes. An 
alternate site has been selected and planning for testing 
the pilot plant is being finalised. 
 
 
 
 
 
 
 
 
 
 

C28056 
Surface Alloying of Centrifuge Baskets and Sieve 
Bends Screen Surfaces to Increase the Service 
Lifetime  
 
CSIRO 
Mike O'Brien 
 

Value:   $131,644 
Report Expected: April 2023 
Industry Monitor/s: Caitlin Campbell 
ACARP Contact: Patrick Tyrrell 

 
Wear of centrifuge baskets and sieve bends is a 
significant maintenance cost and can result in plant 
downtime. A laser technique will be used to harden the 
surface of stainless steel wedge wire in the screening 
media of these components in order to extend surface 
wear. Researchers estimate that the life of the screen 
medium would need to double for the technique to be of 
practical use. 
 
Significant delays associated with COVID lockdowns, 
maintenance and staff availability have delayed the 
completion of this project. 
 
Initial investigation allowed selection of Stellite (a cobalt 
based allow) and Metco 1030B (a martensitic alloy with 
vanadium carbides and molybdenum borides) as suitable 
candidates for coating the wedge wire baskets. Basket 
sections made from wedge wire have had coatings 
deposited via cold spray process and laser treated.  
Results show the validity of the process for coating 
baskets made from wedge wire.  Initial wear test results 
with dry sand rubber wheel have shown that Metco 
1030B cold spray deposition and laser treated samples 
are clearly performing better than 304 stainless steel 
substrate and Stellite 6. Examination of the wear surface 
shows characteristic abrasive wear.  Wet erosion testing 
to be completed. 
 
C28062 
Improving Operation and Control of Centrifugal 
Dewatering Using a Novel Online Tool  
 
University of Queensland 
Liguang Wang 
 

Value:   $157,400 
Report Expected: March 2023 
Industry Monitor/s: Jason Schumacher 

Josh Kowalczuk 
ACARP Contact: Ben Gill 

 
The objectives of this project are to: 
• Develop and evaluate an online tool for monitoring 

the solids content and particle size distribution of the 
feed and discharge of centrifuges; and to 

• Improve the operation and control of centrifugal 
dewatering for ultrafine coals.  
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A series of dewatering tests were conducted with a pilot 
scale screen bowl centrifuge unit at two levels of rotation 
speeds (corresponding to 200 and 330 G). Feed and 
effluent slurry samples from each test were collected and 
their solids concentration and particle size distribution 
(PDS) were analysed to assess the performance of the 
online tool. 
 
The developed online tool showed a good performance 
in measuring solid concentration and PSD of the 
collected feed slurry samples. The tool underestimated, 
however, the solids concentration and PSD of the 
effluent slurry samples, mainly due to the existence of a 
large fraction of ultrafines whose size is below the 
detection limit of the current imaging system (i.e., 
typically around 10 pixels). More specifically, most of the 
particles in the effluent slurry streams were below 5 𝜇𝜇m, 
but the current system with x 5 magnification lens has a 
detection limit of 7 𝜇𝜇m. The detection limit can be further 
improved by installing a lens of higher magnification in 
the imaging system, which is expected to be done in the 
following quarter.  
 
We also initiated the work to integrate a recently 
developed solid bowl centrifuge (SBC) model with the 
online tool. The preliminary results showed that there 
was an excellent agreement in solids loss to the effluent 
stream of the centrifuge between the measurement and 
model prediction,  
 
In the following quarter, we will focus on the 
development of the control strategy of SBC and then 
start drafting the final report.  
 
C29059 
Control System to Improve Ultrafine Coal Tailings 
Dewatering  
 
University of Queensland 
Anh Nguyen 
 

Value:   $174,230 
Report Expected: February 2023 
Industry Monitor/s: Bryce Clayton 
ACARP Contact: Anne Mabardi 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C29060 
Tailings Management - Dewatering Flume Site 
Trials  
 
University of Newcastle 
Craig Wheeler 
 

Value:   $242,500 
Report Expected: March 2023 
Industry Monitor/s: Kevin Rowe 

Peter Shumack 
ACARP Contact: Patrick Tyrrell 

 
The objective of this project is to further refine and 
conduct site trails of a dewatering flume developed in 
C27067. The aim of the flume is to increase the solids 
content of the tailings entering the tailings dam and 
recover water before it is deposited in the tailings dam. 
The recovered water would be recycled back to the CHPP 
as process water, thus limiting the volume of water 
stored in the tailings dam and reduce, or eliminate, the 
use of secondary flocculant in the tailings dam.  
 
Delays were experienced in the supply of the test rig 
materials but these have since been overcome and the 
test rig is now complete and ready to be transported to 
site. Operating and safety procedure documentation is 
nearing completion. Site installation and commissioning 
will take place in February/March and site testing will 
follow. 
 
C29062 
Process for Separating and Dewatering Fine 
Particles  
 
University of Queensland 
Liguang Wang 
 

Value:   $177,400 
Report Expected: April 2023 
Industry Monitor/s: Michael Carnell 
ACARP Contact: Ben Gill 

 
The objectives of this project are to: 
• Develop a proof-of-concept technology based on 

acoustic particle manipulation for beneficiation of 
ultrafine and fine coals; and to 

• Demonstrate and evaluate the effectiveness of this 
novel beneficiation process for raw coals over a broad 
particle size range. 

 
Different behaviours of fine coal particles and quartz 
particles under ultrasound were observed. Figures 1 and 
2 show the behaviours of coal particles and quartz 
particles, both at the particle size range of 45-53μm, 
without ultrasound and with ultrasound at different 
times. It was found that with ultrasound, the aggregation 
of coal particles was increasingly more pronounced with 
time while there were much smaller changes in the 
aggregate size of quartz particles. Further experiments 
found that gravity separation of coal particles from 
quartz particles under ultrasound would be achievable. 
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In the following quarter, integration of other separation 
methods with this phenomenon for particles separation 
and dewatering will be explored. 
 

 
Figure 1. Aggregation of 45-53 μm coal particles. Left: 
without ultrasound. Middle: 2 s after turning on 
ultrasound. Right: 4 s after turning on the ultrasound. 
 

 
Figure 2. Aggregation of 45-53 μm quartz particles. Left: 
without ultrasound. Middle: 2 s after turning on 
ultrasound. Right: 4 s after turning on the ultrasound. 
 
C33039 
Efficient Reagents for Disposal of Coal Tailings – 
Phase 2: Pilot Scale Studies  
 
University of Queensland 
Anh Nguyen 
 

Value:   $180,000 
Report Expected: March 2023 
Industry Monitor/s: Brodie Chapman 

Tom Wilson 
ACARP Contact: Patrick Tyrrell 

 
The objective of this project is to deliver further progress 
and developments of projects C27065 and C28054. In 
phase I, we developed a new technique to screen 
suitable chemicals for disposal by measuring the sample 
yield stress, strength via the peak force, and stickiness via 
the tack energy. In phase II, we will focus on extending 
pilot-scale testing to another filtration device (and 
continuing the work with solid bowl centrifugation - SBC) 
and collaborating with chemical suppliers on designing, 
testing, and screening new, efficient reagents for 
disposal of coal tailings. They will help to achieve efficient 
handleability and disposal stability. The knowledge 
gained from this project will help develop simple on-site 
tools to assess the consistency of tailings that are suitable 
for stable disposal and to support decision-making on the 
allocation of the current tailing stream. In previous 
quarters, 37 chemicals were screened for their effects on 
the settling rates of coal tailing slurries. Based on the 
results of screening tests, we have chosen the five most 
efficient chemicals for pilot-scale experiments which 
were successfully completed by the SBC. 
 

During the last three months (November, December and 
January), the problem related to the planned hire of the 
belt press filter from the commercial supplier 
(Siebtechnik Tema) from New South Wales was not 
successfully resolved because of the unrepairable 
damage. Therefore, no the planned experiments using a 
belt press filter could not be conducted. Our effort was 
to find an alternative solution. A pilot-scale filter press at 
Core Resources in Albion, Queensland was found 
suitable. We have arranged a meeting with the industry 
monitors of this project on 6th February to discuss this 
problem and seek their advice on the alternative 
solution. The experiments using a non-SBC pilot-scale 
filtration device are the only outstanding task of this 
project. All other tasks have been completed 
successfully. We expect to complete this project by the 
end of this research quarter. 
 
C33048 
Capability for Dewatered Tailings and MPR 
Testing in Support of a Critical State Soil 
Mechanics Framework for Potential Liquefaction 
Assessment  
 
University of Newcastle 
Jubert Pineda 
 

Value:   $232,600 
Report Expected: October 2023 
Industry Monitor/s: Jianping Li 

Kevin Rowe 
Leonie Bradfield 

ACARP Contact: Ben Gill 
 
This project aims at commissioning testing equipment to 
generate high-quality data, from which a new state-of-
the-art model for the mechanical characterisation of 
CHPP wastes can be developed. The laboratory 
equipment includes stress-path triaxial cells equipped 
with advanced systems for controlling/measuring soil 
suction whose results will be used to formulate a Critical 
State Soil Mechanics (CSSM) model able to predict the 
behaviour of fine wastes under saturated but also 
unsaturated conditions. The project focuses on 
establishing the moisture-suction-strength relationship 
for CHPP rejects and incorporating it within the CSSM 
framework.  
 
Over the past quarter we have continued with the 
suction-controlled tests using the GDS® triaxial device 
(Figure 1a). The third suction-controlled test on 
Dewatered Tailings (DT) from ‘mine site 1’ has been 
recently completed. The purpose of the proposed 
suction-controlled tests is twofold. First, to assess the 
performance of the GDS® triaxial device under a wide 
spectrum of suctions and stress conditions. Second, to 
obtain a preliminary set of high-quality laboratory results 
to be used/analysed within the context of the Critital 
State Soil Mechanics (CSSM) for predicting the behaviour 
of fine wastes. Figure 2 summarises the results of the first 
two suction-controlled tests. Both specimens were 
compacted to the same initial density and water content 
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(i.e. suction). The stress path followed in each test is 
shown in Figure 2(a). These specimens were initially 
equilibrated in the triaxial device to a suction of 50 kPa. 
Then, both samples were loaded up, under constant 
suction conditions, to a mean net stress of 100 kPa. In 
Test 1, suction increased up to 100 kPa prior shearing. In 
Test 2, suction was elevated up to 300 kPa. The variation 
of the volumetric and axial strains during the isotropic 
loading and drying stages is shown in Figure 2(b). Finally, 
specimens were sheared under constant water content 
conditions (i.e. undrained in water phase). The stress-
strain curves shown in Figure 2(c) demonstrate the 
increase in soil’s shear strength with suction. Figure 2(d) 
shows the variation in soil suction during shearing 
whereas Figure 2(e) reports the stress path in the q – pꞌ 
plane. Preliminary results obtained so far confirm the 
good performance of the GDS® triaxial apparatus for 
testing CHPP rejects under unsaturated conditions. 
 
The problem with the air pressure system encountered 
in the GCTS® triaxial device (Figure 1b) has not been fully 
fixed despite the installation of a new air pressure sensor. 
To avoid possible delays, the research team has started 
the commissioning of a third triaxial device for this 
project (Figure 1c). An existing GDS® triaxial device for 
testing saturated soils is currently being modified to 
implement the axis-translation technique for suction 
control as well as the Differential Pressure Transducer 
(DPT) for measuring volume change. This third device is 
expected to be ready for suction-controlled testing in the 
next quarter. Ideally, the three triaxial systems shown in 
Figure 1 could be fully operative for the final part of the 
project. However, if the issue with the GCTS® triaxial 
device persists, the two GDS® systems would be used 
instead to complete the proposed testing plan.  
 
Overall, with the incorporation of the third triaxial device 
as a back-up, no delays in the completion date are 
expected.  
 

 
Figure 1. Double wall triaxial devices for unsaturated soil 
testing at UoN. (a) GDS® apparatus. (b) GCTS® apparatus. 
(c) modified GDS® apparatus. 
 

 
Figure 2. Results of triaxial test performed in the GDS® 
triaxial apparatus on compacted dewatered tailings (DT) 
from ‘mine site 1’ 
 
C33049 
Emerging Pulsed Power Technology for 
Dewatering Mineral Tailings  
 
University of Queensland 
Firuz Zare 
Negareh Ghasemi 
 

Value:   $277,630 
Report Expected: November 2023 
Industry Monitor/s: Dan Delahunty 

Jack Lauder 
ACARP Contact: Ben Gill 

 
Studying the change in the Kaolinite electrical 
characteristics under different electric field excitations 
would facilitate the design of an efficient dewatering 
process. In this project, we prepared some Kaolinite 
slurry samples and studied their electrical characteristics 
by measuring the electrical impedance of the samples at 
different frequencies. The measured electrical 
impedance of the prepared Kaolinite sample revealed 
the resonant frequency of the samples at which the 
dewatering process was found to be more efficient and a 
larger volume of drained water was collected. Also, we 
compared the effectiveness of the electrical voltage 
pulses and DC voltage (continuous process) on the 
dewatering process. The experimental results revealed 
that for a similar treatment process time, applying 
electrical voltage pulses not only resulted in a larger 
volume of the separated water (60ml using pulses versus 
40ml using DC voltage) but also more purified water (no 
Kaolinite sedimentation after treatment). 
 
The below figure shows the results of the test. Figure. 
1(a) shows the dewatering chamber and the top layer of 
the sample in the dewatering chamber after the 
treatment process and Figure.1(b) shows the drained 
water using pulses and DC voltage. As shown in 
Figure.1(a), the top layer of the sample is completely 
dried after the treatment process as the water moved 
from the top layers to the bottom layers where the 
dewatering happened at the negative electrode. 
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Figure.1. (a) dewatering chamber and its top view (b) the 
extracted water using pulses and DC voltage. 
 
C33050 
Dewatering Efficiency of Fine Flotation 
Concentrates by De-Aerating Froth Products - 
Plant Demonstration  
 
University of Queensland 
Yongjun Peng 
 

Value:   $627,923 
Report Expected: March 2023 
Industry Monitor/s: Frank Mercuri 

Naresh Racha 
Shivank Vijayakumar 

ACARP Contact: Ben Gill 
 
The project objectives are to: 
• Develop large demonstration-scale mechanical and 

vacuum deaerators which are fully automated and 
can run continuously in plants; 

• Identify optimum operating conditions and control 
strategies through continuous plant trials; 

• Evaluate and optimise equipment stability, wear, 
maintenance requirement and operational costs;  

• Identify equipment size and key parameters for 
future full-scale operation in plants. 

 
The two large-scale froth deaerators were completely 
constructed in this quarter. Currently, the two 
deaerators are tested at DADI’s warehouse and all 
mechanical and control system problems identified will 
be solved before delivering to Australia. 
 
UQ researchers and DADI engineers have visited mine 
sites to confirm the optimal installation position, 
mechanical and electrical requirements, and operational 
conditions for the new devices. The design of the two 
deaerators and their control systems were shared with 
site engineers to identify additional requirements for 
equipment transport and commissioning. 

C33051 
Hybrid Microwave Technology for Dry Stacked 
Tailings Applications  
 
University of Queensland 
Christian Antonio 
 

Value:   $121,335 
Report Expected: May 2023 
Industry Monitor/s: Frank Mercuri 

Kevin Rowe 
Naresh Racha 

ACARP Contact: Ben Gill 
 
One of the most pressing challenges facing the mining 
industry today is the increasing frequency of catastrophic 
tailings dam collapses. Such events are known to cause 
significant environmental damage as well as loss of life. 
There is a strong industry push to move away from wet 
tailings dams to drier and safer options. A viable 
alternative to tailings storage in dams is Dry Stack Tailings 
(DTS) technology.  
 
This project proposes a new approach that could reduce 
tailings moisture contents to levels required for dry 
stacking – the use of Hybrid Microwave Technology. This 
approach combines microwave treatment with 
conventional dewatering techniques. This method could 
bridge the moisture content gap between conventionally 
dewatered material and Dry Stack Tailing requirements.  
 
The project aims to evaluate the feasibility of a 
continuous process and measure the energy 
requirements to achieve different product moisture 
content. Finally, it will provide a concept for a 
microwave-assisted dewatering process for future 
research studies. 
 
Progress during this quarter include: 
• A more dilute coal tailings sample (thickener feed, 

<5% solids) was received in late September and was 
tested using the small hydrocyclone. Splitting 
experiments for this second coal tailing sample was 
undertaken at various SIV operating conditions 
(inclination angle, pressure, etc.) to determine the 
optimum conditions that would create a feed (split 
material) to a microwave system. The results showed 
an improvement over the first sample (thickener 
underflow) however the amount of feed material that 
would be required from site would be quite large 
given how dilute the sample is. 

• A larger hydrocyclone was recommissioned and trials 
using the first tailings sample (thickener underflow) 
was undertaken at different conditions. The products 
obtained during the trial are currently being analysed 
to determine size and water split. 

• The conveyor system for the microwave system has 
been tested. Modifications to the microwave 
applicator was also completed and testing of the unit 
is currently being undertaken. 
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C33053 
Improving Centrifugal Dewatering via Modelling 
and Analysis  
 
University of Queensland 
Liguang Wang 
 

Value:   $149400 
Report Expected: March 2023 
Industry Monitor/s: Clinton Vanderkruk 

Colin Surawski 
Josh Kowalczuk 

ACARP Contact: Patrick Tyrrell 
 
The objectives of this project are to: 
• Develop a capability for modelling and simulating 

dewatering and size classification of full-scale screen 
bowl centrifuge; 

• Validate the model through pilot-scale trials, 
followed by full-scale trials if feasible; and to 

• Provide a guide to flowsheet design and industrial 
operation of centrifugal dewatering. 

 
The team successfully developed a simple analytical 
model to describe the drainage process across the filter 
cake under centrifugal acceleration. The input 
parameters of the model include (i) characteristics of the 
filter cake, (ii) dimensions of the screen bowl centrifuge 
(SBC), and (iii) operation conditions of SBC. All input 
parameters can be measured, assumed, and/or 
estimated using the readily available correlations in the 
literature. Furthermore, integration of the previously 
developed solid bowl centrifuge model would allow us to 
effectively estimate critical input parameters of the 
model (i.e., particle size distribution and thickness of the 
solid cake that enters the screen section) that cannot be 
measured.  
 
The preliminary results showed that the integration of 
the newly developed analytical model with the SBC 
model could be used to estimate the dewatering 
performance of the screen bowl centrifuge (i.e., solid 
recovery and product moisture) under a wide range of 
operation conditions.   
 
In the following quarter, the team will further refine the 
model and continue working on the model validation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C34051 
Cost Effective Approach for Coal Tailings 
Dewatering using Semi Inverted (SIV) 
Hydrocyclones  
 
University of Queensland 
Christian Antonio 
 

Value:   $174,500 
Report Expected: September 2023 
Industry Monitor/s: Michael Carnell 

Naresh Racha 
Tom Wilson 

ACARP Contact: Ben Gill 
 
The application of coagulation, flocculation, and 
mechanical dewatering units such as belt press filters 
(BPF), centrifuges, and horizontal belt filters (HBF) is 
currently used by industry as a practical approach for 
dewatering coal tailings. However, there are still 
challenges that limit dewatering of coal tailings. For 
example, feed types with swelling clays create tailings 
with high moisture content. Ineffective coagulation and 
flocculation of fine clay particles will result in tailings with 
high levels of fines that affects the performance of 
mechanical dewatering units. This pressures the 
filtration and centrifuge units and results in tailings that 
are harder to dispose. Furthermore, the consumption 
rates and costs of coagulants and flocculants can be high.  
 
This project aims to develop a technologically and 
economically viable approach to reduce moisture 
content and capture fine clay particles in tailings to 
improve tailings dewatering outcomes, by using Semi-
Inverted (SIV) Hydrocyclone Technology, followed by 
coagulation, and flocculation. The study aims to use the 
SIV to split a tailings sample into a coarse stream 
(underflow product), with reduced moisture content, 
and a clay-rich fines stream (overflow product). This will 
enable targeted processing of the two streams that could 
consequently improve the efficiency of downstream 
dewatering units. A potential tailings sample has been 
received for evaluation for use in this project.  
 
Progress during this quarter include: 
• Sighter testing were undertaken in a small 

hydrocyclone using a dilute coal tailings sample 
(thickener feed, <5% solids). Splitting experiments 
were undertaken at various SIV operating conditions 
(inclination angle, pressure, etc.) to determine the 
size and water splits characteristics. The results 
showed moderate size split between overflow and 
underflow products but not a significant water split 
between the overflow and underflow products. 

• A larger hydrocyclone was recommissioned in 
December and trials using a high solid content coal 
tails sample (thickener underflow) was undertaken at 
different operating conditions. The products 
obtained during the trial are currently being analysed 
to determine size and water split. 

• Modifications to the hydrocyclone is currently being 
undertaken for future testing. 
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Environmental Improvement 
 
C29042 
Tailings to Topsoil  
 
University of Newcastle 
Ken Williams 
 

Value:   $350,000 
Report Expected: May 2023 
Industry Monitor/s: Bill Baxter 

Paul O’Loughlin 
Phillip Enderby 

ACARP Contact: Patrick Tyrrell 
 
This project is developing a co-utilisation and soil 
improvement program that addresses the environmental 
challenge of tailings management for mining operations. 
This transformational alternative for tailings 
management research optimises existing technologies 
for dewatering, delivery and soil remediation processes 
into an integrated "pit to paddock" mobile plant 
emplacement and cultivation system. 
 
In the current quarter, monitoring of field trials occurred 
with the final plant growth assessment scheduled for 15-
16 of February. Ex-situ germination and plant growth 
studies are undergoing assessment using 12 different 
tailings type from each mine in soil to tailings ratios of 
100:0, 75:25, 50:50. Rehabilitation species of sticky hop 
bush and couch grass will be assessed for plant and root 
growth. 
 
The leaching test results from site trials 1 and 2 have 
been completed and are currently being assessed. 
 
It is expected that the final glasshouse and field trial plant 
growth assessment will be completed by the end of April. 
 

Fine Coal 
 
C23045 
Full Scale Trial of the Reflux Flotation Cell  
 
University of Newcastle 
Kevin Galvin 
 

Value:   $294,820 
Report Expected: April 2023 
Industry Monitor/s: Clinton Vanderkruk 

Kevin Rowe 
Luke Dimech 
Penny Walker 

ACARP Contact: Patrick Tyrrell 
 
The objective of this project is to investigate the 
performance of the Reflux Flotation Cell (RFC) at full 
scale. The existence of a system of inclined channels 
increases the segregation rate of the bubbles from the 
downwards tailing flow. This mechanism produces a 
significant gas-hold-up, a concentrated bubbly zone, 

ideal for counter current washing to achieve clean 
product. A further objective is to assess the potential for 
process control of the technology, and hence assess the 
reliability over extended campaigns. 
 
Following commissioning of the facility the Reflux 
Flotation cell was operated in accordance with the 
parameters established in the laboratory, with the 
application of wash water to create a positive bias flux. 
Feed rates of up to 230 m3/h were initially applied, with 
wash water rates of 60 m3/h, generating strong 
separations between the feed, product, and reject. This 
rate is arguably three times the rate to a conventional cell 
for this feed. The performance of the full-scale system 
was very strong, with product ashes and yields in-line 
with the tree curve. Operating at about 2cm/s feed flux 
with an average feed ash of 60.9%, the RFC achieved an 
average product ash of 12.6%, and reject ash of 81.8%. 
This level of performance was maintained over many 
hours throughout the day. 
 
The Reflux Flotation Cell has since been run at 200, 300, 
to more than 400 m3/h, achieving very stable operation. 
Full control of the overflow product rate was finally 
established to a level of 0.5-1 m3/h, removing a “dead-
band” that existed previously in the underflow rate. This 
change combined with the delivery of clean wash water 
has led to a robust process. Systematic experiments have 
since been completed using a high feed rate of 350 m3/h 
showing that increases in the underflow rate reduces the 
product rate, leading to a stronger wash-water bias flux, 
and hence a cleaner product. The product ash was 
reduced from 15.2% to 8.3% with no change in recovery, 
in line with expectations. The underflow rate was then 
deliberately reduced to a level sufficient to induce 
coalescence, reducing the product ash to 6.9%, with 
modest loss in recovery. The underflow rate was reduced 
to the original underflow rate, returning the product ash 
to 12.3%, slightly lower than the original 15.2% ash. It is 
also noted that all this work was conducted using a 
frother dose of 10 ppm.  
 
The research work was completed in December and the 
Reflux Flotation Cell moved from its position to permit a 
plant modification to be undertaken. The samples have 
been processed by the laboratory and the final report is 
now being prepared. 
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C27021 
Model Informed Control Strategy for Coal 
Flotation  
 
University of Queensland 
Kym Runge 
 

Value:   $199,571 
Report Expected: March 2023 
Industry Monitor/s: Clinton Vanderkruk 

Henry Provan 
ACARP Contact: Patrick Tyrrell 

 
The objective of this project is to develop a model-
informed control strategy for coal flotation. The project 
aimed to apply AMIRA P9 flotation models developed for 
metalliferous flotation informed by measurements 
performed using various sensors and a froth vision 
system. 
 
A site visit was conducted in 2019 where UQ and CSIRO 
researchers spent six weeks on a coal processing plant in 
Queensland. During that time, they installed a number of 
sensors on a Jameson cell to monitor its behaviour in 
response to changes in operating conditions, particularly 
the supplied air rate. At the same time, they undertook a 
comprehensive sampling campaign to measure the 
performance of the Jameson cell under the same 
conditions. A second site visit in 2020 to collect a more 
comprehensive dataset and to deploy a series of new 
sensors was unable to be completed due to plant 
instability problems. 

 
 
Using data from the first campaign, statistical techniques 
were used to successfully develop a regression model of 
Jameson cell performance as a function of feed 
properties and Jameson cell operation. Combustible 
recovery was found to be a function of gas rate, froth 
depth, feed percent solids and ash content. A peak in 
recovery was observed with superficial gas rate, as has 
been observed previously in metalliferous flotation. The 
gas rate at which this peak occurs was a function of feed 
percent solids but independent of coal type and particle 
size. The peak occurs at decreasing gas rates as percent 
solids decrease. 

Using the models developed during this study, a number 
of different model informed control strategies have been 
proposed and future work to validate these strategies 
has been identified. Over the last three months, the final 
report was written. It is currently undergoing internal 
review before being forwarded to ACARP. 
 
C28055 
Review of the Current Australian Standards for 
Coal Flotation Testing: Phase 2 - Development of 
the Guideline Handbook  
 
University of New South Wales 
Seher Ata 
 

Value:   $295,750 
Report Expected: March 2023 
Industry Monitor/s: Jenny Park 

Peter Shumack 
ACARP Contact: Patrick Tyrrell 

 
The proposed project builds on Phase 1, which had the 
primary objective of reviewing the types and applications 
of test procedures currently being practised. The 
objective of the Phase 2 project is to set out the 
recommended practices for coal flotation testing in the 
form of a guideline document. The main objective is to 
develop guidelines in the form of a Handbook that would 
enable practitioners to translate the best evidence into 
best practice. 
 
The work in Phase 1 showed significant variations in both 
combustible yield and ash in the tests done by various 
commercial laboratories and research institutions using 
identical samples. In Phase 2, potential factors leading to 
these variations have been identified through regular 
Flotation Working Group meetings and further 
controlled tests. A report based on these discussions has 
been prepared, and Flotation Working Group members 
have provided comments/feedback on the document. A 
final report is currently being prepared.  
 
C28060 
Measuring and Correlating CGA Data at Particle 
Topsize  
 
Basacon Services  
Bruce Atkinson 
 

Value:   $55,444 
Report Expected: March 2023 
Industry Monitor/s: Tim Manton 
ACARP Contact: Patrick Tyrrell 

 
This project involved sizing a coal sample into separate 
size fractions (-31.5 +16, -16 +8, -8 +4, -4 +2 -2 +1 and -1 
mm) to allow CGA to be determined on each size fraction 
individually, in the as-received sample state. In addition, 
a composite sample was carefully prepared from the 
individual size fractions, and the composite has been 
crushed, subdivided and ground to – 1 mm for a routine 
raw sample CGA. 
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The specific objective is to determine whether the CGA 
data mathematically re-combined from analysis of the 
individual size fractions ‘at top-size’ retains the same 
correlation to a ground raw sample CGA as if the raw 
sample had first been crushed, subdivided and ground to 
– 1 mm. 
 
In addition, it was intended that a single lump of coal 
would be analysed by CGA as progressive slices, and 
compared to its bulk composition after grinding to minus 
1 mm. 
 
The coal grain analysis remains in progress. Conducting 
CGA on particles larger than 8mm has created some 
insurmountable challenges that were not foreseen due 
to: 
• The prevalence of cracks and fissures in larger 

particles which are not experienced in smaller 
particles; 

• Difficulties in procuring satisfactory clear images of 
singular flat particle surfaces compared to routine 
images of thousands of much smaller particles (a 
significant amount of re-polishing and re-imaging 
required); 

• The need to separate components in images to make 
their processing file size manageable; and  

• Software processing time. 
 
This has led to several software changes to the ParIS 
system, and dramatically slowed project progress. CGA 
has now been completed to the extent possible. The 
project report is expected to be issued by April. 
 
C29055 
Froth Flotation of 4mm Feed Coal Particles  
 
University of Newcastle 
Graeme Jameson 
 

Value:   $198,000 
Report Expected: March 2023 
Industry Monitor/s: Frank Mercuri 

Jason Schumacher 
ACARP Contact: Patrick Tyrrell 

 
Current flotation technologies are limited to particle top 
sizes in the range 300 to 500 µm. This project builds upon 
a successful outcome from project C25021 “Coarse 
particle flotation for the plant of the future”. This project 
showed that it was possible with the NovaCell fluidized 
bed flotation machine to separate coal particles from ash 
in the range 0 to 2mm top size, at very high combustibles 
recoveries. This new program requires a complete 
rebuild of the equipment to handle the larger particles. It 
will investigate the recovery of coal in the size range 0 to 
4 mm. The new technology has the potential to make 
substantial reductions in water and energy consumption, 
as well as simplifying circuit design and plant layout, and 
reducing floor area. 
 
 
 

The aims of the project are to: 
• Investigate the separation of valuable coal from 

streams carrying coal and ash particles up to 4 mm in 
diameter; and to 

• Investigate the implications of the results for the 
design of coal preparation plants, with reference to 
circuit simplification, equipment space requirements 
and capital cost requirements, when compared to 
current plant designs. 

 
The outcome will be a demonstration of the capacity of 
the fluidised bed froth flotation cell to recover coal 
particles whose size is up to 4mm in diameter. High yields 
and combustibles recoveries at acceptable ash contents 
would be expected in all size fractions up to 4mm.  
 
Progress during the quarter: 
• The data from a recent test run is being mass-

balanced and analysed. High yields were achieved, 
and the ash in the fine fractions was quite low, 
perhaps approaching the intrinsic ash in the coal 
matter. 

 
C29061 
Improving Flotation Recovery and Throughput 
with a Combined Method  
 
University of Queensland 
Liguang Wang 
 

Value:   $199,000 
Report Expected: April 2023 
Industry Monitor/s: Clinton Vanderkruk 

Doug Field-Akred 
Kevin Rowe 

ACARP Contact: Patrick Tyrrell 
 
The objectives of this project are to: 
• Develop and assess a method combining the use of 

oscillatory air supply and vibrators for further 
improving the flotation recovery and throughput; and 
to 

• Prove the new method on an industrial scale. 
 
We conducted a series of fundamental studies to 
understand bubble-particle interactions in flotation with 
acoustic sound. By measuring the wetting film lifetime in 
the presence and absence of acoustic vibration, we 
found that using acoustic vibration could enhance the 
bubble-particle interaction, which in turn would help 
improve flotation recovery. We also studied the effect of 
acoustic sound on wetting film stability at different 
particle properties and bubble size. The results provide 
new insights on flotation with acoustic sound. 
 
We are still awaiting the requested coal samples to 
arrive. Our team is also actively exploring other ways to 
obtain the samples needed for pilot scale flotation tests 
with using the combined method.  
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C29065 
Wash Plant Fines Testing Methods Enhancement  
 
McMahon Coal Quality Resources 
Chris McMahon 
 

Value:   $197,330 
Report Expected: October 2023 
Industry Monitor/s: Frank Mercuri 

Jason Schumacher 
ACARP Contact: Patrick Tyrrell 

 
This project seeks to better determine predictive size 
distribution on small samples by testing multiple 
enhanced attrition apparatus and methods. 
 
Originally a new “attrition” apparatus was to be 
designed, manufactured and trialled on “unbroken” coal 
(from strip samples and / or borecores supplied) and 
compared against plant feed / in-plant samples and 
standard laboratory drum tumbling test outcomes. CHPP 
operations data and operator expertise in relation to 
predictive / actual size distributions will also will be 
sought, documented and used in the planning and 
evaluation stages. 
 
On further consultation with industry and examination of 
potential for building such an attrition apparatus, the 
process has evolved to test existing laboratory attrition 
processes in elevated time allotments, and the gauging 
of increased attrition effects compared with CHPP 
outcomes. 
 
The attrition apparatus now being evaluated include 
additional drop shatter, dry and wet tumbling, sieving 
and use of a coke testing “Micum” tumbling drum. 
Individual and compounding effects (fines generation 
increase) will be examined. 
 
Two potential coal sources have been confirmed. Source 
I has had sample retrieved, dispatched to the laboratory, 
methods confirmed and issued, and testing of all Stages 
(1, 2 and 3) now completed. Source II has had sample 
retrieved, dispatched to the laboratory, methods 
confirmed and issued, and testing of Stage 1 completed, 
and Stage II initiarted / in progress. 
 
The outcomes of this project will be testing of each 
attrition apparatus with attained bore core / in-pit site 
samples, and comparison of outcomes with both current 
methods of processing and CHPP actual outcomes (pre-
plant / estimated in-plant). Methods for use of such will 
be produced for application to routine unbroken coal 
predictive samples (borecores and strip samples). 
 
 
 
 
 
 
 
 

C33055 
Optical Profiling of Coal and Mineral Particles in 
the Ultrafine Circuit for Online Analysis  
 
University of Newcastle 
Rohan Stanger 
 

Value:   $157,387 
Report Expected: March 2023 
Industry Monitor/s: Clinton Vanderkruk 

Jason Schumacher 
Michael Carnell 

ACARP Contact: Patrick Tyrrell 
 
This project aimed to extend our Particle Profiling system 
to the ultrafine particle region with hardware upgrades 
and software additions. Conceptually, the intention was 
to introduce a number of characterising features to 
enable particle component differentiation on shape and 
colour/greyscale. The goal was to enable both coal and 
mineral detection. 
 
This project is conducting final testing of software and 
hardware; prior to final report preparation. 
 
C33058 
Full Scale Studies of Diesel Emulsification by 
Ultrasonication for Fine Coal Flotation  
 
University of Queensland 
Anh Nguyen 
 

Value:   $180,000 
Report Expected: March 2023 
Industry Monitor/s: Clinton Vanderkruk 

Frank Mercuri 
Luke Dimech 

ACARP Contact: Patrick Tyrrell 
 
Because coal is naturally hydrophobic, diesel and 
kerosene are used to increase coal hydrophobicity for 
flotation. It is common for these oil based collectors to 
be dispersed mechanically, which is an inefficient 
process. Ultrasonic emulsification is a novel and efficient 
technology which produces fine collector droplets for 
increased flotation recovery, particularly for weakly 
hydrophobic coal particles. In this project, researchers 
will design and construct an ultrasonic unit for full scale 
studies at an Australian coal preparation plant. They will 
evaluate and benchmark the technical and financial 
benefits of the adapted oil-in-water emulsification 
technology for coal flotation. 
 
During the quarter the research team has continued to 
collaborate on the full-scale trials with the mine site 
where the ultrasound-assisted emulsifier unit was 
installed in the previous quarter. The site has allocated a 
graduate engineer to look after the trials, collect the 
samples, and look after the ash analysis. The trials have 
been successful. Four trial outcomes from the site have 
been received, analysed, and discussed. The trials show 
that the diesel emulsification by ultrasonication reduces 
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the ash content in comparison with the trials without 
ultrasonication. We have worked with the site on further 
trials for better comparison and benchmarking. We 
expect to complete this project by the end of the next 
research quarter. 
 
C34002 
Full Scale Beneficiation of Coal Fines by Novel 
Agglomeration  
 
University of Newcastle 
Kevin Galvin 
 

Value:   $3,283,000 
Report Expected: November 2023 
Industry Monitor/s: Ben Gill 

Kevin Rowe 
Luke Dimech 
Paul Sainsbury 
Penny Walker 

ACARP Contact: Patrick Tyrrell 
 
The objective of this project is to investigate the scale-up 
of a novel fine coal agglomeration technology through a 
study at full-scale. The project involves the design, 
commissioning and operation of the novel agglomeration 
technology. The feed source is expected to be a fine coal 
tailings stream suitable for the thermal market. The 
study will quantify the scale-up at 500m3/h in terms of 
yield, ash, moisture and economic benefits. 
 
The novel agglomeration technology offers the prospects 
of a low capital investment for processing the fine coal 
tailings stream normally sent to the thickener. The 
agglomeration can be achieved by pumping the slurry 
and novel binder through an orifice plate in a pipe. Oil 
consumption is an order of magnitude below 
conventional requirements, while the final product 
moisture is lower than the usual level. 
 
The initial program of work will consist of the design 
phase and equipment selection. The second phase of the 
project involves the tender process, followed by the 
construction and commissioning of the plant. The final 
stage involves the project phase.  
 
A Hazard Identification meeting was conducted following 
the project commencement to ensure the process would 
meet all site requirements and any other regulations. The 
initial program of work then involved exercises in risk 
mitigation, especially concerning the preparation of the 
emulsion binder, and ways to drive that preparation on a 
continuous basis. The process flow diagram (PFD), and 
the piping and instrumentation diagram (PID) have since 
been completed, along with designs for the 
emulsification system and trough separation tank. Long 
lead time items such as the pumps have been placed, 
along with orders for several tanks. The process 
equipment module arrangement has been completed 
and reviewed at site.  
 

Concerns regarding a potential cost increase for the MCC 
were everted by aligning the research facility and site 
requirements, allowing for cheaper components. 
However, the project incurred a notable delay associated 
with the preparations for the site works, specifically the 
core sampling required for the design of the concrete 
pad. Design work proceeded ahead of the analysis to 
recover some of the lost time. Nevertheless, the 
sequence of events that followed led to an estimated 
project delay of 6-8 weeks. Several of the major 
equipment items have been fabricated in preparation for 
installation in the new year. Other items have incurred a 
delay, and cost increases have been identified, and are 
under review. 
 
The cost increases and time delays were reviewed, and a 
final budget and timeline established and approved. Civil 
construction work is expected within the next week 
following the recent submission of the PO. Site 
mobilisation will then follow, with the bulk of the 
equipment items having been inspected. An updated 
Gantt chart has also been submitted. 
 
C34040 
Optimising the Diesel Droplet Size in Coal 
Preparation Plants  
 
University of Queensland 
Yongjun Peng 
 

Value:   $231,157 
Report Expected: December 2023 
Industry Monitor/s: Albert Blom 

Han Hooi 
Jason Schumacher 

ACARP Contact: Ben Gill 
 
The project objectives are to: 
• Develop full-scale emulsification systems 

incorporating the online droplet size measurement; 
• Determine the optimal diesel droplet sizes in 

representative coal preparation plants varying with 
coal type, water salinity and diesel dosing through 
statistically designed ON/OFF trials; 

• Identify the most efficient and economic diesel 
dispersion system to achieve each optimal droplet 
size; and to 

• Develop the most suitable diesel dispersion strategy 
for each representative plant through an assessment 
of flotation improvement, reduction of diesel 
consumption, hurdles to implementation (e.g. safety, 
ease of installation and conversion, ease of 
operation) and capital and operating costs. 

 
In this quarter, the fabrication of the large-scale 
emulsification device was completed. The new device 
was also tested with all system control issues resolved. 
The full-scale device is expected to be ready for 
installation in early March after additional mechanical 
and electrical tests in both China and Australia.  
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UQ researchers and DADI engineers have completed the 
two mine sites inspections. They visited the mine sites to 
identify the optimal installation positions, mechanical 
and electrical requirements and the operational 
conditions for the new equipment. The equipment 
design and outcomes from mine site inspections were 
shared with ACARP monitors and site engineers with 
additional requirements for equipment transport and 
commissioning identified. 
 
C34041 
Coal Spiral for the 2020s  
 
Mineral Technologies  
Ian Mangelsdorf 
Wendy Nutt 
 

Value:   $199,646 
Report Expected: January 2024 
Industry Monitor/s: Dan Delahunty 

Naresh Racha 
Phillip Enderby 

ACARP Contact: Ben Gill 
 
Researchers aim to develop an enhanced coal processing 
spiral based on learnings from recent improvements in 
spiral designs used in other mineral processing 
operations. The new spiral design will be developed, 
tested and evaluated on both thermal and coking coal 
spiral circuit feeds. By focussing on spiral improvements 
that will fit within existing footprints, the new spiral will 
be simpler to adopt in existing and new plants. 
 
This project is currently on hold.  
 
C34043 
In Plant Demonstration of the Next Generation 
Flotation System  
 
University of Queensland 
Liguang Wang 
 

Value:   $258,347 
Report Expected: September 2023 
Industry Monitor/s: Kevin Rowe 

Nic Roberts 
ACARP Contact: Ben Gill 

 
The objectives of this project are to: 
• Build a prototype of the next-generation flotation 

system with low energy and maintenance 
requirements for coal preparation; and to 

• Demonstrate the prototype in a coal preparation 
plant. 

 
The team continued working on the design of the pilot 
scale flotation system. The provisional design of the 
prototype unit of 0.5-m diameter flotation column is 
drafted and is now under discussion with the mechanical 
engineer in the workshop to further improve it.  
 

We also continued optimising the sparging system and 
dynamic froth stabilisation to improve gas dispersion and 
coal flotation. We have identified a way to further reduce 
the size of the bubble generated from the sparger. More 
importantly, the new approach will likely reduce the 
maintenance requirement of the sparging unit.  
 
In the following quarter, we will complete the design of 
the pilot scale flotation system and continue optimising 
its sparging system.  
 
C34045 
Real Time Automatic Measurement of Frother 
Distribution in a Coal Preparation Plant  
 
University of Queensland 
Liguang Wang 
 

Value:   $124,560 
Report Expected: September 2023 
Industry Monitor/s: Chris Denyer 

Peter Shumack 
ACARP Contact: Ben Gill 

 
The objectives of this project are to: 
• Build a prototype for real-time automatic 

measurement of frother concentration; and to 
• Evaluate and demonstrate the prototype at a 

participating site to maximise coal recovery and 
prevent the overfrothing (‘froth out’) problem. 

 
The team continued working on the development of the 
prototype of an automatic frother concentration 
measurement device. More specifically, the team 
focused on reviewing various filtration systems to 
address the requirement of the time-consuming and 
laborious filtration step for removal of the particles 
above 0.45 𝜇𝜇m in the slurry sample prior to the 
concentration measurement.  
 
In the following quarter, the team will finalise the design 
and start the construction of the prototype unit. We will 
also finish evaluating the filtration system.  
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Gravity Separation 
 
C33054 
Measurement of DMC Wear Using 3D Laser 
Technology  
 
CSIRO 
Andrew Taylor 
 

Value:   $173,022 
Report Expected: March 2023 
Industry Monitor/s: Luke Winkelman 

Peter Shumack 
Phillip Enderby 

ACARP Contact: Patrick Tyrrell 
 
The objective of this project is to identify and adapt 
current commercial 3D laser technology to produce a 
device/instrument configuration capable of mapping the 
internal dimensions of a Dense Medium Cyclone (DMC) 
to an accuracy better than 1mm without the need 
personnel to enter the enclosed space of the DMC.  
 
A commercially available instrument has been tested on 
a DMC Unit sitting on a factory floor. Three scans were 
undertaken and then “stitched together” to form a 
complete picture. The instrument was placed inside the 
DMC for the first two scans and just outside for the last 
scan, using a crude mounting system. The DMC was 
refurbished and then re-scanned. The two images have 
been merged to show the areas of difference as a wear 
map. Direct measurements were able to be taken from 
each image at any point along the DMCs diameter.  
 

 
Figure 1. Modelled wear patterns in a DMC scanned using 
laser scanning. Increased wear is noted around the spigot 
area which is to be expected. 
 
Figure 1 shows the resulting DMC wear map image of the 
scanned inside surface of the worn out compared to the 
same DMC after refurbishment. Based on the modelling 
results, proof of concept has been achieved. 
 

 
Figure 2 Adjustable telescopic mounting system for DMC 
Scanning. 
 
An adjustable telescopic scanner mounting system has 
been built and taken to a CHPP allowing the scanning unit 
to be deployed inside the refurbished DMC in situ in a 
plant environment, during a normal shutdown shift, after 
almost three months of operation. The resulting scans of 
three in use DMC’s are currently being processed and 
readied for analysis. 
 
C33056 
Modelling and Control of Classifying Cyclones  
 
Ausenco Services  
Andrew Swanson 
 

Value:   $227,080 
Report Expected: March 2023 
Industry Monitor/s: Colin Surawski 

Michael Carnell 
Naresh Racha 

ACARP Contact: Patrick Tyrrell 
 
The objectives of the project are: 
• Interpretation and evaluation of CGA data will allow 

the modelling of cyclone performance to be further 
developed to better understand behaviours of finer 
particles both in terms of size and density; 

• New data from small diameter cyclones will allow the 
utilisation of these cyclones in fine coal treatment to 
be better appraised; 

• The use of CGA as a technology to investigate cyclone 
performance and operation will be assessed; 

• By examining cyclone performance, along with a 
review of on-line measurement techniques and a 
range of sample testing methodologies, it is hoped 
that improved approaches to managing cyclone 
operational efficiencies will be identified; 

• If justified, the scope for a detailed large-scale 
evaluation will be developed. 

 
Laboratories have been processing the samples 
generated by the pilot plant. The project was 
experiencing some delay due to issues with part of the 
laboratory analysis. However results are beginning to 
arrive now, and evaluation has commenced. 
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C34046 
Clay Type Effect on Magnetite Medium Properties 
in Dense Medium Cyclones  
 
CSIRO 
Clint McNally 
 

Value:   $155,488 
Report Expected: January 2024 
Industry Monitor/s: Chris Denyer 

Frank Mercuri 
ACARP Contact: Ben Gill 

 
The project objective is to review the effect the clay 
component of dense medium has on the performance 
and operation of dense medium cyclones. It is 
understood that different clay types when mixed into 
slurries of the same % solids, the viscosities can vary 
significantly depending on the clay type used. This 
difference can impact dense medium cyclone operation. 
 
A literature review to catalogue the clays present in 
Australian coal seams is continuing. In addition, samples 
of dense medium from various mine continue to arrive 
and be analysed for clay content and type. Mine samples 
that have arrived have been processed and sent for XRD 
analysis. 
 
Once the review is complete, examples of dense medium 
representing different clay property variables will be 
used in the 150mm pilot plant dense medium cyclone 
circuit at CSIRO QCAT to evaluate their effect on DMC 
operation. This circuit is currently in the process of 
refurbishment and additional sensors are to be installed.  
 
C34048 
Using Clay Stabilised Medium for the Separation 
of Small Coal in a Dense Medium Cyclone  
 
CSIRO 
Andrew Taylor 
Mike O'Brien 
 

Value:   $204,432 
Report Expected: March 2024 
Industry Monitor/s: Chris Denyer 

Frank Mercuri 
ACARP Contact: Ben Gill 

 
This project aims to demonstrate the performance of a 
Dense Medium Cyclone using small coal in the 
approximate size range -2.0mm to 0.1mm (exact sizing 
will depend on size range available from plant samples). 
The size range chosen is comparable to the feed used in 
a spiral, teeter-bed separator or reflux classifier, all of 
which have been extensively studied and have well-
known performance efficiencies. Historically, dense 
medium cyclones were trialled on small coal in Australia 
in the 1990s but they were dismissed for small coal use 
due to the difficulty in recovering of magnetite using the 
older magnetic separators. Modern magnetic separators 
are more efficient and the increased knowledge of 

medium behaviour and how it relates to stability will aid 
the development of small coal DMC trial work. Overseas, 
South African coals and Chinese coals have successfully 
operated on small coal DMCs and it is expected that 
Australian expertise will be able to achieve good 
performance outcomes. 
 
This project is in its infancy, as it has had a delayed start 
due to staffing changes. Planning is underway for the 
work. DMC circuit design is currently under discussion in 
conjunction with Mincotech, our equipment supplier. 
Sample collection has not yet commenced, but sites will 
be contacted in the next two weeks. It is expected that 
pilot plant test work on the commissioned rig will 
commence around June 2023 with the project 
completing in March 2024. 
 

Process Control  
 
C28073 
Novel Processing to Reduce the Cost of 
Generating Dry Stackable Tailings  
 
University of Newcastle 
Kevin Galvin 
 

Value:   $141,342 
Report Expected: February 2023 
Industry Monitor/s: Clinton Vanderkruk 

Penny Walker 
ACARP Contact: Anne Mabardi 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C33057 
Foreign Contaminants Detection on Conveyor 
Belts Using Digital Imaging Processing Techniques 
and Coal Penetrating Sensors  
 
Mincka Engineering  
Fidel Gonzalez 
 

Value:   $365,000 
Report Expected: March 2023 
Industry Monitor/s: Dan Delahunty 

Dave Young 
Kevin Rowe 
Phillip Enderby 

ACARP Contact: Patrick Tyrrell 
 
No report received. 
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C34039 
Soft Sensor for Predicting Dense Medium 
Cyclones Performance  
 
University of Queensland 
Gordon Forbes 
 

Value:   $189,300 
Report Expected: March 2024 
Industry Monitor/s: Araz Ejtemaei 

Peter Shumack 
Sam Rynne 

ACARP Contact: Ben Gill 
 
This project aims to develop a soft sensor for predicting 
dense medium cyclone performance. The soft sensor will 
build on current state of the art DMC models, with the 
aim of including a wear model, as well as data driven 
machine learning models to better characterise the feed 
and pump operating regime. 
 
In this first quarter of the project, the review of the 
current state-of-the-art DMC models has begun with the 
focus of understanding the conditions under which they 
perform well, and those under which their accuracy is 
poor. Specific consideration is being given to the 
necessary changes required to convert these models to 
be useable as a soft sensor and how a wear cyclone 
model can be included. 
 
Discussions with sponsors and site contacts have begun 
so that a site visit can be organised to the collect data and 
samples necessary for the model development and 
testing. 
 
C34044 
Real Time Monitoring and Control of Froth 
Flotation  
 
University of Queensland 
Liguang Wang 
 

Value:   $106,667 
Report Expected: November 2023 
Industry Monitor/s: Albert Blom 

Angus Morrison 
Chris Denyer 
Chris Huth 
Josh Kowalczuk 

ACARP Contact: Ben Gill 
 
The objectives of this project are to: 
• Further evaluate and demonstrate a simple, cheap 

and fast sensor for monitoring the efficiency of 
multiple flotation cells; and to 

• Develop remote control strategies corresponding to 
the sub-optimal operation identified by the sensor. 

 
The team continued designing the prototype for 
upcoming site trials. More specifically, the team focused 
on reviewing various hardware components of the 
prototype unit (ranging from data acquisition system to 

strain gauges) to find the most suitable ones which can 
withstand the industrial harsh environment during the 
long-term trial of the sensor.  
 
In the following quarter, we will commence the 
prototype construction. In the meantime, we will also 
initiate the discussion with the Industry Monitors and the 
site personnel to discuss the upcoming site testing of the 
drag sensors.  
 
C34047 
Using EIS Technology to Measure the Amount of 
Magnetite in Dilute Magnetite Streams  
 
CSIRO 
Clint McNally 
 

Value:   $224,220 
Report Expected: July 2023 
Industry Monitor/s: Chris Denyer 

Frank Mercuri 
ACARP Contact: Ben Gill 

 
The project will test the functionality of modifying the 
CSIRO impedance spectrometer (EIS) to measure sub 1 
g/L to 5g/L concentrations of magnetite at magnetic 
separator overflows. 
 
Currently the method used to assess the quantity of 
magnetite overflowing the magnetic separator is to 
collect a 1L sample and submerge a magnetic wand into 
the sample for a fixed time, then visually compare the 
wand to pictures of known concentrations of magnetite 
attracted onto the wand and record the result. This 
method is qualitative and requires good lighting and 
experienced operators to achieve consistent results.  
 
The ability to measure quantitatively in real-time the 
amount of magnetite overflowing magnetic separators 
would provide the ability to intervene if magnetite levels 
exiting the magnetic separator increase too high. 
 
The design and fabrication of two new electrode types is 
complete and new software configuration variables for 
the impedance spectrometer have been reprogrammed 
and tested for suitability. Experiments in lab conditions 
are completed and are being processed waiting for 
analysis. 
 
Field deployment to an operating CHPP commences in 
February to review the system against real operating 
conditions and collect samples to validate the EIS 
response. 
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C34050 
Hand Held Sensor for Real Time Measurement of 
Fluorine Mineral Contamination in Coal  
 
University of Adelaide 
Nigel Spooner 
 

Value:   $261,215 
Report Expected: July 2024 
Industry Monitor/s: Jack Lauder 

Jenny Park 
Mel Robbins 

ACARP Contact: Ben Gill 
 
The release of fluorine from contaminated coal interferes 
with metallurgical processes. It can also produce 
hydrogen fluoride, which is toxic to humans and the 
environment, and can damage equipment. There are no 
real-time, hand held fluorine mineral sensor techniques 
of sufficient sensitivity for coal applications. In this 
project, researchers will exploit near infrared ‘novel 
fluorescence’ from the fluorine bearing minerals fluorite 
and fluorapatite to develop a prototype hand held 
sensor. 
 
Optical design ensures accurate detection of 100 ppm of 
F (3.7% of fluorapatite). Balancing camera resolution and 
sampling statistics indicated that designing for a 
sampling area of 1- 4 cm2 is suitable for core or well-
mixed samples. Initial prototype architecture has been 
constructed and experimental validation of the optical 
calculations commenced using the test LED ring and an 
optically filtered NIR camera. Initial imaging showing 
fluorescence from a gem-grade apatite sample and 
marker pen ink on white paper under excitation by blue 
or red LED’s is shown in Figure 1. These images illustrate 
the material selectivity obtainable when utilising specific 
fluorescence excitation wavelengths and detection 
wavebands chosen to produce species-specific 
emissions. 
 

 
Figure 1: Image of intense IR fluorescence from an 
apatite sample stimulated by red (left) and blue (right) 
rings of LEDs. Note the efficiency of red in exciting 
fluorescence from apatite and its near-absence under 
blue excitation, in contrast to the response of the organic 
marker ink. 
 
 

The test device is approximately 250 mm in length 
including camera. Dimensions will be optimised in the 
final prototype, which will be sized for handheld work. 
Next steps include design of a more powerful 
illumination ring, with LEDs optimised for efficient 
stimulation of fluorine mineral fluorescence. Optical 
filtration will also be optimised for the emission 
waveband of interest, and an optimised new NIR camera 
will be integrated and the resulting prototype tested on 
coal core samples provided by UQ. 
 
C34052 
Simulation Enabled Digital Twin for the Control, 
Design and Optimisation of a Teeter Bed 
Separator  
 
University of Queensland 
Kym Runge 
 

Value:   $232,531 
Report Expected: August 2024 
Industry Monitor/s: Albert Blom 

Chris Denyer 
Chris Jackson 

ACARP Contact: Ben Gill 
 
Up to a fifth of in-plant material in Queensland 
metallurgical coal preparation plants is too fine to be 
efficiently upgraded using a dense medium cyclone and 
too coarse to be separated using froth flotation. This 
middling fraction (typically -2+0.35mm) is processed 
using hydraulic classifiers, such as teeter bed separators. 
In this project, researchers will use a combined 
experimental and simulation-based approach to develop 
a computational model that can be used as the basis of a 
performance-maximising advanced control strategy for 
the teeter bed separator. 
 
The first objective is to develop a water only CFD 
simulation of the teeter bed. This will be modified to add 
solids in a later stage of the project. Literature and the 
teeter bed handbook have been reviewed. The geometry 
is being set up in 3D CAD software, Autodesk® inventor 
which once completed will be transferred into the 
computational fluid dynamics simulator.   
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General 
 
C26011 
CSIRO Instruments at Multiple Plants  
 
CSIRO 
Mike O'Brien 
 

Value:   $427,798 
Report Expected: March 2023 
Industry Monitor/s: Frank Mercuri 

Luke Dimech 
ACARP Contact: Patrick Tyrrell 

 
In partnership with ACARP, CSIRO has developed 
instrumentation to monitor the stability of Dense 
Medium Cyclones over the past 15 years. This 
instrumentation has operated successfully under 
production conditions in one plant producing thermal 
coal products. Researchers have used the data to 
determine the effect of changes in plant conditions on 
DMC operation. In this project researchers will 
determine the effect of changes in plant conditions on 
the operation of the DMC circuit over a range of mining 
companies, plant designs and product coal types. 
 
The draft project report is going through final checks 
before submission to the Industry Monitors.  
 
C26016 
Benefits of Online Thickener Underflow Rheology 
Measurements  
 
Clean Process Technologies  
Alexander Everitt 
Noel Lambert 
 

Value:   $251,000 
Report Expected: March 2023 
Industry Monitor/s: Michael Carnell 
ACARP Contact: Patrick Tyrrell 

 
Although the thickener underflow monitor is able to 
generate information about the rheology of coal 
thickener underflow, plant operators are not using this 
data. This project will determine how these rheology 
measurements can be applied to standard thickener 
operations, paste thickener operations, secondary 
thickening operations, belt filter presses and other 
mechanical dewatering devices. There are no existing 
online rheology measurements of thickener underflow 
and it may be possible with online measurement to 
reduce flocculant dose rates, particularly where 
flocculant is dosed after the thickener. 
 
On site work was conducted throughout November and 
December of 2022 with operation of the TUM, along with 
sample collection and analysis. The data from the TUM is 
currently being compared to available data from Mine 
Site B in relation to thickener operations. Through the 
final part of the quarter a draft report has begun to be 

compiled with data and results being added as they are 
collected and analysed. 
 
Observing currently collected data and results indicates 
that some further testing and sampling of the unit is 
required, and this will continue through the early part of 
the next quarter. Along with this continued testing, CPT 
aims to have a final report submitted before the end of 
Q1, 2023. 
 
Timeline: 
• Q1, 2023 – Operate TUM on site and compile ample 

data along with sample collection for laboratory 
verification. Analyse data and present report. – In 
progress.  

 
C28061 
Quantitative Based Structural Integrity 
Evaluations Using Modal Parameters Estimation  
 
Mincka Engineering  
Fidel Gonzalez 
 

Value:   $363,651 
Report Expected: March 2023 
Industry Monitor/s: Kevin Rowe 

Peter Shumack 
Phillip Enderby 

ACARP Contact: Patrick Tyrrell 
 
No report received. 
 
C29056 
Quantitative Based Protection Coating 
Assessment using Digital Imaging and Artificial 
Intelligence  
 
Mincka Engineering  
Fidel Gonzalez 
 

Value:   $335,100 
Report Expected: February 2023 
Industry Monitor/s: Caitlin Campbell 

Peter Shumack 
Phillip Enderby 

ACARP Contact: Anne Mabardi 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
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C33042 
Coal Quality Borecore Methods Amalgamation 
Guide  
 
McMahon Coal Quality Resources 
Chris McMahon 
 

Value:   $42,180 
Report Expected: July 2023 
Industry Monitor/s: Clinton Vanderkruk 

Jason Schumacher 
John Kelly 

ACARP Contact: Ben Gill 
 
This project seeks to produce a guide that will 
amalgamate the various Australian and ISO Standards for 
borecore sampling and testing (preparation and 
measurement) so that definition of resources and 
reserves can be planned more effectively and efficiently. 
The outcomes of this project will be a guide that can be 
applied to multiple coal quality testing scenarios for 
borecores. Different method options for raw coal mines, 
mines with wash plants and for coking and thermal coal 
will be made. Definitions of ply, raw, wash and product 
stages will be made in reference to Standards 
requirements and links between the relevant Standards 
where overlapping information is required. 
 
This will benefit the industry by providing practitioners 
with a concise, referenced method for determining 
methods of sampling and testing, resulting in reduced 
time spent in planning, increased accuracy in planning, 
better definition of resource and reserve potential, and 
minimised financial risk. A further significant aim is to 
document comparison of ISO versus AS Standards 
equivalence / if they are comparable and differences 
along with rationale for decisions made. 
 
Standards required have been identified and attained 
and collation review of overall targets is set. No findings 
are available to date. 
 
C34042 
CPP Water Chemistry Impacts on Corrosion Rates 
for a Range of Materials  
 
Basacon Services  
Bruce Atkinson 
 

Value:   $78,080 
Report Expected: May 2023 
Industry Monitor/s: Michael Carnell 

Nic Roberts 
ACARP Contact: Ben Gill 

 
Due to the success of project C28059, this project has 
been commenced to evaluate water chemistry impacts 
on the corrosion rates of other common construction 
and fabrication materials including galvanised steel, 
aluminium, and stainless steel grades 304 and 316. Mild 
steel will also be included as a base-line comparison. 
Different construction and fabrication materials are each 

affected differently by different aspects of water 
chemistry. For example, it is known qualitatively that 
chloride concentration does not affect mild steel 
corrosion, but has a very large impact upon stainless 
steel corrosion. 
 
This project involves laboratory-based Linear 
Polarisation Resistance (LPR), and Electrochemical 
Impedance Spectroscopy testing (EIS) to measure 
corrosion rates for each of five different materials and 
eight different CPP clarified water samples. Microscopic 
and SEM observation is also included to examine the 
material surfaces following testing. 
 
The corrosion testing program has been completed, and 
the resulting test pieces submitted for microscopic 
investigation. 
 
C34049 
Improving 3D Analysis of Coal Particles for 
Density and Mineral Grain Composition Beyond 
Float Sink Analysis  
 
University of Newcastle 
Rohan Stanger 
 

Value:   $155,785 
Report Expected: March 2023 
Industry Monitor/s: Araz Ejtemaei 

Mel Robbins 
Tom Wilson 

ACARP Contact: Patrick Tyrrell 
 
This project aims to develop the use of micro Computed 
Tomography (CT) for 3-dimensional analysis of coal 
particles in the fine circuit. The intention is to enable 
relatively fast non-destructive analysis of coal samples to 
provide an alternative to float/sink with organic dense 
medium liquids. 
 
This project is now in final report preparation. 
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TECHNICAL MARKET 
SUPPORT 
 
Metallurgical Coal 
 
C29070 
Effect of Coke Properties on High Temperature 
Strength and Hot Metal Reactivity Under Blast 
Furnace Conditions  
 
University of New South Wales 
Pramod Koshy 
 

Value:   $369,000 
Report Expected: April 2023 
Industry Monitor/s: Jay Zheng 

Nick Andriopoulos 
Stephen Brant 

ACARP Contact: Ashley Conroy 
 
This project is focussed on the impact of blast furnace 
conditions, specifically the high-temperatures and 
gasification conditions on the strength development and 
associated microstructural, microtextural, and 
mineralogical and corrosion characteristics of single-coal 
and blended cokes. The project aims to a) compare high-
temperature and room temperature mechanical 
strengths of two single-coal cokes and two blends 
derived from these cokes, all from a pilot oven, b) 
understand key factors affecting carbon dissolution into 
hot metal in the presence of slag under BF conditions, 
and c) correlate strength development and reactions 
with metal/slag with the mineralogical, microstructural, 
and fracture characteristics of the coke and ultimately 
with coal blend properties. 
 
Coke blends (C1 and C2) and two single-coal cokes (H and 
D) were prepared in the pilot oven at CSIRO. These cokes 
were cored and gasified under blast furnace simulating 
conditions. Gasified samples of cokes H and D were 
subjected to corrosion testing at University of 
Wollongong using an immersion corrosion testing setup. 
Samples C1 and C2 were provided for similar testing; 
however Sample C2 were too weak to drill to insert the 
alumina rod and thus could not be tested. Sample C1 was 
tested and a microstructure of the interface between 
coke and metal is shown below.  
 
The final report is being prepared. 

 

C29071 
Source of Variability of Reactivity of Coke in the 
NSC Test (CSR Test)  
 
CSIRO 
Lauren Williamson 
 

Value:   $144,760 
Report Expected: February 2023 
Industry Monitor/s: Jeremy Byrnes 

Nick Andriopoulos 
ACARP Contact: Ashley Conroy 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C29074 
High Temperature Tribological Testing of Coke 
Coupled with 3D Visualisation to Enhance 
Understanding of Coke Breakage and Link to 
Parent Coals  
 
University of Newcastle 
Hannah Lomas 
 

Value:   $161,029 
Report Expected: May 2023 
Industry Monitor/s: Kim Hockings 

Morgan Blake 
Stephen Brant 

ACARP Contact: Ashley Conroy 
 
The main aim of this project is to facilitate understanding 
of the relevance of tribological testing to recognise 
factors that influence coke abrasion resistance at both 
room and elevated temperatures as a function of key 
coal properties. Three pilot oven cokes covering a range 
of coal petrographic composition and Australian coal 
measures were selected.  
 
The action items from the October review meeting have 
mostly been completed. The next step prior to writing 
the bulk of the final report will be to analyse and 
interpret microtextural analysis data received from 
Pearson Coal Petrography to understand the impact of 
tribological test conditions on the anisotropy of the coke 
microtexture. 
 
In addition, the microtextural analysis results will be 
added to a manuscript for Fuel to enable effective 
transfer of the knowledge obtained from both this and 
the precursor project C27017. Key findings from projects 
C27017 and C29074 will be presented at the ISSCI 2023 
conference in Newcastle in February. We expect to 
submit the draft final report in May 2023. 
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C29077 
Effects of Ash Minerals on Coke Reactivity at High 
Temperatures  
 
University of Wollongong 
Brian Monaghan 
Pramod Koshy 
 

Value:   $626,527 
Report Expected: June 2023 
Industry Monitor/s: Jay Zheng 

Kim Hockings 
ACARP Contact: Ashley Conroy 

 
The primary objective of this project (Part III) is to 
characterise and quantify the impact of coke contacting 
slag (changing the coke mineralogy and carbon structure) 
and its subsequent effects on the dissolution of 
metallurgical coke in liquid iron. It represents the third 
phase (year 3) of a broader topic that deals with high 
temperature performance of Australian metallurgical 
coals in use in the steel industry.  
 
Progress during the quarter: 
 
All time steps for the dip tests of the coke analogue 
samples (for all three coke analogues) in metal have been 
completed. The characterisation of these samples is on-
going. The modifications to the dip test procedure have 
worked. Decreasing the amount of metal has prevented 
excessive dissolution of the coke analogue samples 
during the tests. Better control of the sectioning has 
allowed the coke-iron interface to remain intact for 
characterisation. 
 
Three slag compositions have been prepared for the dip 
tests. The compositions were established through 
evaluation of the literature and thermodynamic 
modelling. The slags have been chosen to represent a 
blast furnace primary slag (containing Fe oxide), a blast 
furnace hearth slag (no Fe oxide and set as the reference 
composition) and a slag to assess the specific effects of 
FeO (containing Fe oxide but otherwise the same as the 
hearth slag). The dip tests of the coke analogue in the slag 
are underway, with the dip tests of the analogue  
131 samples nearing completion. 
 
New CGA and SEM imaging, as well as EDS elemental 
mapping, of the quenched carburiser cover samples has 
been completed at CSIRO. The analysis (quantification) of 
these data is on-going.  
 
 
 
 
 
 
 
 
 
 
 

C33063 
Micro-CT Based Characterisation of the IMDC-
RMDC Interfacial Interaction in Blends of 
Australian and International Coals  
 
University of Newcastle 
David Jenkins 
 

Value:   $175,000 
Report Expected: February 2023 
Industry Monitor/s: Graeme Harris 

Kim Hockings 
ACARP Contact: Ashley Conroy 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C33064 
Influence of Inertinite and Volatile Release 
Characteristics on Viscosity Development and 
Fusibility During Coking  
 
University of Queensland 
Karen Steel 
 

Value:   $105,800 
Report Expected: February 2023 
Industry Monitor/s: Graeme Harris 

Morgan Blake 
Nick Andriopoulos 

ACARP Contact: Ashley Conroy 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
 
C33066 
Washability and Distribution of Sulphur and Trace 
Elements for Different Sizes and Densities of 
Product Coals  
 
University of Newcastle 
Rohan Stanger 
 

Value:   $128,550 
Report Expected: April 2023 
Industry Monitor/s: Caroline Lang 

Jane Lawson 
Shaun Booth 

ACARP Contact: Ashley Conroy 
 
The draft final report has been submitted to the Industry 
Monitors for review. 
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C33071 
Use of Vitrinite Reflectance Categories on Coke 
Strength Prediction of Bi-Modal and Multimodal 
Coal Blends  
 
University of Newcastle 
Arash Tahmasebi 
 

Value:   $138,400 
Report Expected: March 2023 
Industry Monitor/s: Cameron Tasker 

Kim Hockings 
Nick Andriopoulos 
Stephen Brant 

ACARP Contact: Ashley Conroy 
 
The project aims to examine the in-situ coking behaviour 
and the use of Vitrinite Distribution Category (VDC) 
parameter in predicting coke quality from blends of 
dissimilar coals. Specific objectives are to: 
• Measure the thermoplastic behaviour of the bi-modal 

coal blends concerning that of individual coals to 
determine whether the blend components have any 
overlap during plastic layer formation; 

• Explore the potential of the VDC approach, as an 
alternate classification method, in improving the 
prediction of quality of cokes made from coal with bi-
modal and multi-modal vitrinite reflectance 
distributions; 

• Determine whether the introduction of VDCs 
provides meaningful insight into blending decisions, 
particularly in coals with significantly different plastic 
ranges; 

• Better understand the relationship between fluidity 
and vitrinite reflectance distribution of bi-modal coal 
blends and the potential impacts on CSR. 

 
Progress during this quarter: 
• A draft report was submitted to the industry monitors 

in October for review. 
• A revision of the final report based on the feedback 

from monitors was submitted for review in 
December. 

 
C34054 
Design of Cokes from Biomass Coal Blends for 
Sustainable Blast Furnace Ironmaking: Scoping 
Study  
 
University of New South Wales 
Pramod Koshy 
 

Value:   $181,700 
Report Expected: November 2023 
Industry Monitor/s: Shaun Booth 

Stephen Brant 
ACARP Contact: Ashley Conroy 

 
This project is focussed on understanding the impact of 
biochar addition and coal type on determining the 
quality of cokes for ironmaking. The aims of the present 
work are: a) Understand the impact of biomass addition 

(up to 10 vol%) and base coal properties on the 
macrostructural and microstructural characteristics and 
room-temperature and high-temperature (1100°-
1400°C) strengths after gasification of the resultant 
cokes, b) Correlate the mineralogical, microstructural, 
microtextural, bonding and fracture characteristics of 
these cokes with strength measurements at room and 
high-temperature, and c) Compare the properties using 
standard coke quality indicators such as CSR / CRI to 
determine optimal addition levels. 
 
Samples of coke-biochar were fabricated and then 
subjected to different tests to assess industrial scale 
performance. Samples of cokes were also cored to small 
cylinders that were subjected to room temperature 
mechanical testing both before and after gasification. 
The room temperature mechanical test data for the 
cokes are summarised below. The data show the 
increasing biochar addition resulted in lowering strength 
of the resultant cokes and this is believed to result from 
inadequate integration of the biochar into the coke 
microtexture at higher addition levels. 
 

 
 
C34055 
Factors Underpinning the Reactivity of Coke 
RMDC and IMDC  
 
University of Newcastle 
Hannah Lomas 
 

Value:   $171,436 
Report Expected: December 2023 
Industry Monitor/s: Morgan Blake 

Sean Flanagan 
ACARP Contact: Ashley Conroy 

 
Previous studies have shown that microtextural 
interfaces can in some cases be a source of weakness in 
coke. Gasification reactivity of inertinite maceral derived 
components (IMDC) and reactive maceral derived 
components (RMDC) can indirectly affect the strength of 
coke, and thus its integrity in the blast furnace. 
 
This project aims to examine factors that influence the 
CO2 reactivity of individual IMDC and RMDC 
components, including: 
• Influence of parent inertinite types; 
• Degree of microtextural anisotropy; 
• Degree of accessible porosity at the IMDC surface; 
• Degree of interaction between IMDC and RMDC. 
 
Lump versus intrinsic reactivity of IMDC and RMDC will 
also be examined. For each experiment, we will measure 
the kinetics of the reaction of the individual coke 
microtextural constituents with CO2 under CSR test 
conditions using thermogravimetric analysis. The 
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additivity of any effects as well as the effects when the 
IMDC and RMDC are isolated from each other will be 
examined. 
 
Three single coals have been selected for this project. 
One pair of coals are differentiated only by rank (mean 
maximum vitrinite reflectance values of ~0.9 and ~1.15) 
and one pair of coals are differentiated only by ash 
chemistry and parent coal measure (Moranbah vs 
Rangal) to investigate the ash chemistry effects on CO2 
reactivity. 
 
Separation of the macerals from two of the coals using a 
hand-picking technique in an inert atmosphere has been 
completed with a high maceral purity obtained. Maceral 
separation for the third coal will take place in the next 
quarter. Small-scale coking experiments to generate the 
RMDC and IMDC components will also take place in the 
next quarter. 
 
C34056 
Real Time Three Dimensional In-Situ Imaging of 
Structural Evolution of Coal During Coke Making 
Process Using Adaptive Electrical Capacitance 
Volumetric Tomography  
 
University of Newcastle 
Behdad Moghtaderi 
 

Value:   $128,755 
Report Expected: April 2023 
Industry Monitor/s: Graeme Harris 

Kim Hockings 
ACARP Contact: Ashley Conroy 

 
The principal vision of this project is to advance our 
collective understanding of the coking behaviour of 
Australian coal during coal-to-coke conversion and in 
doing so facilitate/promote Australian coal experts. To 
fulfil this vision, we will examine representative coal 
samples at various stages of softening, semi-coke 
formation, and coke annealing to gain a more 
fundamental insight into the temporal and spatial 
evolution of their respective plastic layer. We will utilise 
the unique capabilities of the Adaptive Electrical 
Capacitance Volumetric Tomography (AECVT) technique 
(i.e., real-time non-intrusive and non-optical imaging) to 
achieve this goal. 
 
Concerning the project structure plan, several essential 
key tasks of phase one have been achieved in the third 
quarter of the project: 
• The experimental setup was modified (replacing the 

electric heater with a hot air stream) to achieve a 
higher temperature and more uniform heat 
distribution on the coal sample; 

• The modified system was operated, and the required 
temperature of 500℃ in the sample was obtained 
after 7 hours (see Figure 1); 

• Coal sub-samples were prepared, and their moisture 
was adjusted to 5%; 

• Safety documentation, including Standard Operating 
Procedures (SOP) and Risk Assessment (RA), were 
updated and approval was obtained from the OHSE 
team; 

• The samples volumetric tomography imaging 
process, to record the phase changes on the coal 
sample during the evolution of the plastic layer, is in 
progress. 

 
Figure 1: Temperature profile 

 
C34057 
Impact of Co-Injecting Hydrogen and Australian 
PCI Coals on Overall Blast Furnace Performance 
Using a Heat and Mass Balance Model  
 
University of New South Wales 
Yansong Shen 
 

Value:   $166,200 
Report Expected: June 2023 
Industry Monitor/s: Cameron Tasker 

Geoff O'Meley 
ACARP Contact: Ashley Conroy 

 
The project aims to evaluate the impact of the co-
injection of Australian PCI coals and hydrogen on overall 
blast furnace performance using an HMB model. In an 
HMB model, as shown in Fig. 1, the different zones are 
connected by mass and heat exchange and specific 
metallurgical considerations govern each zone, for 
example, the reactions of hot metal, slag, iron ore pellets, 
coke, injectants and additives. Of particular interests are 
to assess the RAFT, TGT, fuel rate, productivity, value-in-
use of Australian PCI coals and hydrogen, respectively, 
when the Australian PCI coals and hydrogen are co-
injected into tuyeres, and to identify the requirements 
on potential (future) Australian PCI coal products with 
respect to overall BF performance when different co-
injection scenarios are employed. 
 
Data of blast furnace for this project: Some data of no.5 
BlueScope blast furnace was received to update those 
used in the previous project C33062. The confidential 
information about the BF data for HMB model calibration 
has been received. 
 
HMB model improvement: i) link the coke temperature 
with RAFT; ii) convert to the unit used in industry like 
kg/tHM; iii) enthalpy data curve fitting based on NIST-
JANAF database. These improvements benefit the 
calibration of the HMB model for future study of the 
effect of Australian PCI coal in the co-injection of 
hydrogen and coal. 
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HMB model calculations: i) realise multi-variables, multi-
constraints, and control to run the HMB model with the 
Function of Solver. ii) realise the parallel run of HMB for 
a range of variables.  
 
One low-volatile (LV, 11% of VM) matter coal has been 
applied to the HMB model with a range of injection rates 
together with H2. The constraints are mainly the 
minimum coke rate, upper and lower limits of RAFT and 
TGT. A series of operating parameter sets have been 
worked out for the LV coal with an adjustable oxygen 
enrichment in the blast. 
 
Operating window design: Each point in the operating 
window means a set of operation parameters, as listed in 
the following table; and to connect all the points, a draft 
of the operating window for the LV coal could be 
obtained, as shown below. 
 
To sum up, the HMB model has been established and 
calibrated, and tested. Some Australian PCI coals are 
tested. The operating window is designed for Australian 
PCI coals. More HMB calculations will be conducted in 
next quarter to complete the project.  

 
 
C34059 
Coke Reactivity with CO2 and H2O and Impacts on 
Coke Microstructure and Gas Diffusion  
 
University of Newcastle 
Arash Tahmasebi 
 

Value:   $170,700 
Report Expected: October 2023 
Industry Monitor/s: Shaun Booth 

Stephen Brant 
ACARP Contact: Ashley Conroy 

 
The aim of this project is to investigate the differences in 
coke reactivity, and microstructure and microtexture 
evolution during gasification reactions relevant to the 
conventional and hydrogen rich blast furnace conditions.  
 
The specific project objectives are to: 
• Evaluate the impact of CO2 and H2O gasification 

reactions on the physical structure of cokes made 
from Australian coking coals using micro-CT analysis. 

• Investigate the mechanism of coke gasification under 
CO2 and H2O, i.e., reaction at the coke surface vs. 
reaction throughout the coke volume. 

• Gain a deeper understanding of how coke quality 
indices relate to its degradation mechanism by 
studying three cokes with varying CSR/CRI. 

• Evaluate the susceptibility of IMDC/RMDC and 
associated microtextures to reactivity with CO2 and 
H2O by exploring changes with the progression of 
coke gasification. 

• Develop a reaction-diffusion model for comparing 
CO2 and H2O gas diffusion in coke microstructure 
with the progression of gasification. 

 
Progress during this quarter: 
• A total of 12 coke cylinders (ID=15 mm and height= 

20 mm) were prepared from three coke samples (low, 
mid, and high CSR) for CO2 and H2O gasification tests; 

• Coke cylinders were initially imaged at the Australian 
National University’s CT lab and returned to UON; 

• The first set of gasification tests to achieve 20% 
carbon conversion under CO2 and H2O were 
completed in the high-temperature TGA and imaging 
was completed at ANU; 

• Partial gasification of coke cylinders to 40% carbon 
conversion followed by the last step of CT imaging at 
ANU is scheduled for next quarter; 

• CT image processing in the GeoDict software will also 
continue next quarter to examine the impact of the 
gasification environment on coke microstructure; 

• Partial gasification of cokes followed by resining and 
polishing for Pearson microtexture analysis is also 
scheduled for next quarter; 

• A preliminary reaction-diffusion model was 
developed to fit the TGA gasification data. The model 
will be modified for use based on greyscale intensity 
calculations derived from CT image analysis. 

 
C34060 
In-situ Investigation of Coke Structure Formation 
Under Stamp Charged Coking Conditions  
 
University of Newcastle 
Arash Tahmasebi 
 

Value:   $158,900 
Report Expected: October 2023 
Industry Monitor/s: Graeme Harris 

Stephen Brant 
ACARP Contact: Ashley Conroy 

 
This project aims to gain insights into the coke formation 
mechanism under stamp charge coking conditions and 
understand how higher caking densities affect coke 
structure. Specific project objectives are to: 
• Evaluate the impact of charge density on in-situ 

coking behaviour to identify key drivers of coke 
strength under stamp charged conditions; 

• Differentiate the impacts and benefits of stamping on 
coke strength across semi-soft to premium Australian 
coking coals; 

• Demonstrate the fundamental process by which 
stamping improves coke quality by analysing impacts 
on microstructure and microtexture; 
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• Explore potential correlations between blend 
composition and coke quality under stamp charged 
conditions; and to 

• Identify coal properties that have the greatest 
potential of benefiting from stamp charged 
cokemaking. 

 
Progress during this quarter: 
• Experimental work on permeability and dilatation 

testing, as well as in-situ coking investigation of coal 
blends under stamped and unstamped conditions, 
was completed this quarter; 

• Plastic layer CT image analysis of blends focused on 
the impact of bulk density on the evolution of 
microstructures during coke formation and changes 
in the porosity of coke; 

• A new technique was developed to assess the quality 
of bonding at the IMDC-RMDC interface utilising the 
plastic layer and coke CT images; 

• The preparation of coke samples for CSR/CRI testing 
as a function of charge density is underway and 
expected to complete next quarter; 

• Next quarter will involve the preparation of polished 
coke samples for Pearson’s microtexture analysis. 

 
C34061 
Gasification Kinetics of Coke Lumps Under 
Simulated Conventional and Hydrogen Rich Blast 
Furnace Processes  
 
University of Newcastle 
Arash Tahmasebi 
 

Value:   $69,600 
Report Expected: April 2023 
Industry Monitor/s: Kim Hockings 

Nick Andriopoulos 
ACARP Contact: Ashley Conroy 

 
The overall project objective is to gain fundamental 
insight into the rate and mechanism of coke gasification 
under the simulated hydrogen-enriched BF environment, 
benchmarked against conventional BF operations. The 
specific objectives are to: 
• Compare and evaluate the impact of reaction 

conditions in conventional and hydrogen-rich BF on 
coke gasification reactivity. 

• Investigate how elevated H2/H2O concentrations 
affect the mechanism of coke gasification in BF, i.e., 
diffusion-controlled vs chemically controlled. 

• Develop correlations between coke quality indices 
and gasification rate as an indicator of coke 
degradation. 

• Develop gasification kinetic models for cokes made 
from Australian coals under simulated conventional 
and hydrogen reduction BF conditions. 

• Link parent coal properties with coke reactivity under 
the two reaction scenarios. 

 
Progress during this quarter: 

• Experimental work on the gasification reactivity of 
cokes under H2O and CO2 using the high-
temperature TGA at NIER was completed; 

• Current work focuses on gasification tests under 
mixed gas conditions, simulating the reaction 
conditions in the conventional and hydrogen-
enriched blast furnace, with experimental 
measurements expected to conclude in February; 

• A new gasification kinetics model based on the 
random pore model was developed to account for 
both reaction- and diffusion-controlled mechanisms. 
Preliminary evaluation has shown a good model fit to 
the experimental data; 

• Next quarter will continue the kinetics analysis of 
coke reactivity using the measured data. 

 
C34062 
Improving the Classification of Microstructure 
Distribution in Coke CT Images using Deep 
Learning and Lineal Path Calculations  
 
University of Newcastle 
Bishnu Lamichhane 
 

Value:   $111,020 
Report Expected: June 2023 
Industry Monitor/s: Kim Hockings 

Nick Andriopoulos 
ACARP Contact: Ashley Conroy 

 
This project aims to extend the research of two previous 
projects (C27036 and C29073) that examined the link 
between 3D coke microstructure and coke strength. 
These projects were partly successful, and the review 
identified two areas to improve – increase the number of 
samples studied and make the classification of 
microstructural features more automatic with improved 
classification. The current project (C34062) aims at 
extending the approach to 90 samples from 9 different 
cokes (c.f. 37 samples from 9 cokes previously) and 
applying the convolutional Autoencoder to provide an 
alternative microstructure classification. The project 
further aims to refine 3D statistical characterisation 
approaches for classifying coke strength based on the 
distribution of microstructural features. 
 
Specific objectives are to:  
• Enhance and further evaluate an automated 

characterisation process that uses the distribution of 
microstructural features in 3D to characterise coke. 
Two complementary techniques will be used – 
Landmark Multidimensional Scaling (LMDS) with K 
means clustering and Autoencoding deep learning 
techniques. 

• Further develop the 3D statistical characterisation to 
better quantify the linear distribution of classes of 
structural features. 

• Apply and evaluate the techniques’ ability to 
“explain” coke strength using the same broad range 
of cokes characterised in C29073, but to check 
statistical validity by including 10 samples from each 
coke in the analysis. 
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The 3D-Convolutional Autoencoder (3DCAE) is being 
trained with microstructure blocks collected from 90 
cores covering 9 different cokes. 6,000 random blocks 
were selected for training the system, and another 3,000 
blocks were used for evaluation of the performance of 
the system. The best model identified had 8,413,956 
trainable parameters and performed well. The loss of the 
first 200 epochs of training is given in the picture below, 
which shows that the model fits well the training data 
and the new data.  
 

 
 
As the model is trained on 9,000 samples, we can use 
only one trained Autoencoder model to remap all cores. 
The validation indicated that the model is generalised 
and can apply on any core regardless of source and type. 
 
In the next stage, we will apply Clustering on the 
Autoencoder encoded samples for unsupervised 
classification of microstructures and then use the same 
trained model to remap 9,000 cores. 
 
The fit of the previous method (LMDS) and the new 
3DCAE on comparable grounds will be evaluated using 
the residual variance. 
 
C34063 
International Round Robin for Coke Reactivity 
Index, Coke Strength after Reaction and I600 
 
CSIRO 
Lauren Williamson 
 

Value:   $77,800 
Report Expected: August 2023 
Industry Monitor/s: Caroline Lang 

Graeme Harris 
Kim Hockings 

ACARP Contact: Ashley Conroy 
 
The main objectives of this project are to: 
• Update the understanding of the consistency of 

practice with regards to CSR and CRI across a group of 
international laboratories by conducting a round 
robin using two cokes produced in a pilot scale coke 
oven.  

• Investigate the extent of use of I600 in coke testing 
laboratories and determine its potential as a standard 
test.  

 
The following activities have been completed: 

• Two coal blends have been coked in the moveable 
wall oven at CSIRO-QCAT; 

• Coke samples have been crushed and subsampled for 
despatch; 

• The process of recruitment of participants has 
commenced and is ongoing, samples are being 
despatched as necessary.  

 
C34064 
Effect of Coal Quality on Carbon Products 
Produced with Alternative Thermal Processing – 
Extrusion and Direct Casting Technologies  
 
University of Newcastle 
Rohan Stanger 
 

Value:   $159,425 
Report Expected: March 2023 
Industry Monitor/s: Caroline Lang 

Oliver Scholes 
Peter Austin 
Shaun Booth 

ACARP Contact: Ashley Conroy 
 
This project aims to investigate alternative heating 
systems that might produce different carbon material 
properties. Both extrusion and direct casting methods 
have large scale industrial processes based around them 
in other industries and this project is considered as an 
important first stage in using coal for different purposes. 
For extrusion, the study will aim to produce a lower 
emission coke with a biochar blend additive; whilst non-
extrudable coals will be considered for directly cast 
carbon tiles (a precursor to construction and energy 
storage materials). 
 
This project is in final report preparation. 
 
C34065 
Impacts of Plastic Layer Permeability and Internal 
Gas Pressure on the Formation of Coke 
Microstructure and Coke Quality  
 
University of Newcastle 
Soonho Lee 
 

Value:   $158,900 
Report Expected: November 2023 
Industry Monitor/s: Cameron Tasker 

Morgan Blake 
Nick Andriopoulos 

ACARP Contact: Ashley Conroy 
 
This project aims to investigate the impacts of the coal 
properties on the plastic layer permeability, IGPs, and 
ultimately on the microstructure transitions and the final 
coke microstructures. The selected samples varying in 
coal rank, fluidity, and maceral compositions but similar 
ash chemistry have been used for plastic layer sampling , 
in-situ measurements of IGP and permeability using the 
4kg coke oven facility and integrated 
permeability/dilation tests.  
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To investigate the rank effect, the results from three 
coals with similar vitrinite contents but different coal 
rank (0.90-1.53MMVR) have been compared. The results 
from other three coals with similar rank (1.2-1.3 MMVR) 
but different maceral content (inertinite: 50-70%) and 
maximum Gieseler fluidity (66-1235ddpm) have also 
been compared. From the IGP measurement results, 
higher ranks coals showed higher IGP and lower plastic 
layer permeability. Higher inertinite coals showed lower 
IGP and higher plastic layer permeability.  
 
To investigate the impacts of the IGP and plastic layer 
permeability on the microstructure transition during 
coking, the obtained plastic layer samples were scanned 
by Synchrotron micro-CT. To observe the final coke 
microstructure, after the in-situ measurements, coke 
pieces were sub-sampled from different locations across 
the quenched coke samples and those samples were also 
scanned by Synchrotron micro-CT. The Synchrotron 
micro-CT images have been analysed by GeoDict, 
commercial software, to observe the change in porosity, 
pore size distribution, connectivity, number of 
isolated/connected pores, and pore wall thickness. 
Lastly, the dilatation measurement results obtained from 
the integrated measurement rig have used to calculate 
the shrinkage coefficient, which is known as an important 
factor affecting IGP, plastic layer permeability and 
fissuring.  
 
Key parameters derived from the analyses mentioned 
have been correlated to coke strength and reactivity (CSR 
and CRI) provided by the coal suppliers. Thus, we could 
identify key parameters affecting coke quality.  
 

Thermal Coal 
 
C33061 
Optimisation of Co-Firing Selected Australian 
Thermal Coals with Biomass and International 
Coals  
 
CSIRO 
Joe Perkins 
 

Value:   $122,660 
Report Expected: March 2023 
Industry Monitor/s: Graeme Harris 

Greg Wickman 
ACARP Contact: Ashley Conroy 

 
The project is a substantial extension of project C27047 
and is aimed at extending the analytical capability 
developed in that project by developing a similar link 
between parent biomass particles and the optical 
properties of their daughter combustion chars. This new 
capability would be applied to the analysis of 
coal/biomass blends and the combustion chars.  
 
The project aims to: 
• Construct and analyse co-firing scenarios with 

relevant thermal coals (Australian and international) 
and biomass fuels currently being utilised by 

Australian thermal coal customers in Japan and 
Korea.   

• Further develop CSIRO’s CGA ParIS software to 
ascertain the combustion potential of Australian and 
international coals when blended with other solid 
fuels such as biomass. Use the information from this 
test program to develop a coal/biomass char model 
modelling which could predict the combustion 
performance without relying of drop tube furnace 
experiments.  

• Assess the mineralogy and ash chemistry of chars 
formed from Australian and international coals when 
blended with other solid fuels such as biomass.  

• Clearly identify and validate co-firing opportunities of 
Australian thermal coals, and thereby provide 
recommendations to industry to enhance 
marketability and enable power generators to make 
informed decisions concerning fuel choice prior to 
purchase.  

• Further develop the focused research collaboration 
between CSIRO and researchers from the University 
of Nottingham which was first established during 
project C27047 and involved the sharing of both 
facilities and knowledge. 

 

 
 
During the quarter writing of the draft report and 
internal review at CSIRO is nearing completion. It is 
anticipated that the draft report will be submitted for 
review soon.  
 
C34058 
Strength Development in Fouling Deposits  
 
University of Newcastle 
Liza Elliott 
 

Value:   $213,600 
Report Expected: July 2024 
Industry Monitor/s: Caroline Lang 

Oliver Scholes 
ACARP Contact: Ashley Conroy 

 
Deposition within the convective pass of boilers can 
significantly affect gas and heat flows and alter boiler 
performance. Regular cleaning is required to ensure 
optimal boiler efficiency and ease of ash removal. 
Timeframes required for cleaning depend on the time it 
takes for strength to develop in the ash deposits, which 
build-up in temperature regions well below the ash 
melting temperature. At present, to assess a coal ash’s 
behaviour, a boiler operator will compare the ash fusion 
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temperature (AFT) to those of coals with known 
performance in their boiler. But AFT has no correlation 
with strength development at sintering temperatures 
below the melting temperature and, instead is related to 
the surface tension of liquid phases above the melting 
temperature.  
 
This project aims to produce a model for the 
development of strength in ash compacts to be able to 
predict the optimum time required for cleaning boiler 
walls. To do this the project will:  
• Determine a correlation for the sintering 

temperature of Australian thermal coal ash; and  
• Gain an understanding of strength development in 

these coal ashes by assessing the impact of particle 
size and ash chemistry. 

 
Nine fly ash samples have been collected and analysed 
for chemistry and particle size. Sintering temperature 
measurements for these nine samples are complete. 
Determination of the sintering temperature of some 
blends of these samples has started. Additional tests to 
determine the impact of particle size are also underway. 
Trials of the CT scanner to determine open and closed 
porosity were disappointing, with the pixel size 
appearing to be too large for accurate analysis. Dies for 
the production of pellets to measure ash strength are 
being manufactured and are expected to be available 
very soon. 
 

General 
 
C25053 
Coal Sample Bank  
 
CSIRO 
Lauren Williamson 
 

Value:   $451,801 
Report Expected: November 2024 
Industry Monitor/s: Technical Market 

Support Committee 
ACARP Contact: Ashley Conroy 

 
The objective of this project is to operate the ACARP 
Sample Bank to make coal and coke samples available to 
researchers and to enhance the systematic provision of 
the samples for research projects funded by ACARP. 
 
This project started on 1st March 2017, in October 2021 
Stage three of this project commenced, extending the 
coal bank for a further three years. To date, 75 coal 
samples have been delivered, stored at -18°C and their 
details recorded in a database, there are also 34 cokes, 1 
biomass and 1 fly ash stored. Of the coal samples stored 
coal quality data has been provided by coal producers for 
64 of the samples.  
 
In this quarter 1 sample was supplied to C34055. In the 
2022 calendar year the coal bank supplied 13 projects 2.8 
ton of sample comprising 33 coals, 7 cokes, 1 biomass 
and 1 fly ash.  

C26003 
Management of SA and ISO Coal Technical 
Committees Work Programs  
 
Carbon Connections Consulting 
Barry Isherwood 
 

Value:   $391,150 
Report Expected: July 2024 
Industry Monitor/s: Graeme Harris 

Kevin Rowe 
Kim Hockings 

ACARP Contact: Anne Mabardi 
 
This project is a continuation of ACARP support for the 
management of, and input into both Australian and ISO 
Coal Sampling, Preparation and Analysis Standards. 
 
SA Subcommittees MN/1/1 Coal Analysis and MN/1/2 
Coal Preparation and Sampling both held meetings 
during the period, with the main work item being the 
preparation for the forthcoming ISO TC27 meeting in 
May. It is expected that this meeting will be very busy, 
with four years since the last meeting because of COVID. 
 
Logistics and organisation for the ISO meeting are 
progressing well with agenda being formulated, as well 
as fine tuning of the meeting schedule. 
 
Interestingly, two new countries have already registered 
to attend with one delegate from Egypt and a further two 
delegates from Turkey. In the case of the latter, 
attendance is being driven by an equipment 
manufacturer of calorimeters, used to assess the calorific 
(heating) value of coal. 
 
India has advised that they are willing to host the 
following ISO meeting in New Delhi in March 2025. This 
is the first time that India will be a host and it is always 
beneficial to be able to formally announce the venue for 
the following meeting, two years in advance. 
 
C26037 
Australian Participation in Development of ISO 
Methods for Sampling, Analysis and Coal 
Preparation and National Technical Committee 
Support  
 
Standards Australia 
Jon Meunier 
 

Value:   $312,170 
Report Expected: February 2023 
Industry Monitor/s: Graeme Harris 

Kevin Rowe 
Kim Hockings 

ACARP Contact: Anne Mabardi 
 
SA support for Australian Mirror Committee—Schedule 
of meetings: 
• MN-001 (Coal and Coke)—Mirror Committee for 

ISO/TC27 
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• Chairman: Barry Isherwood 
• Last meeting: 21 July 2022 (Zoom meeting)  
• Next meeting: July 2023 (tba) 
 
MN-001-01 (Coal analysis) —Mirror Committee for 
ISO/TC27/SC3 and SC5 
• Chairman: Barry Isherwood 
• Last meeting: 17 November 2022 (Zoom meeting) 
• Next meeting: 23 March 2023 (Hybrid meeting at SA 

Office Sydney and Zoom) 
• Meeting objective: Review ISO/TC27/SC5 & SC3 

documents including systematic reviews and finalise 
Australian mirror Committee position on ISO ballot 
(and comments). 
 

MN-001-02 (Coal Preparation) —Mirror Committee for 
ISO/TC27/SC1 and SC4 
• Chairman: Dave Osborne  
• Last meeting: 8 December 2022 (Zoom meeting) 
• Next meeting: 30 March 2023 (Zoom meeting) 
• Meeting objective: Review of ISO/TC27/SC1 & SC4 

documents including systematic reviews and finalise 
Australian mirror Committee position on ISO ballot 
(and comments). Review update on national 
Standards and projects. 
 

MN-001-05 (Coal Mining and Geology) 
• Chairman: No chair 
• No meeting planned, subcommittee has no work 

program. 
 
MN-001-06 (Determination of Gas Content) 
• Chairman: No chair 
• No meeting planned, subcommittee has no work 

program since publication of AS 3980-2016. 
 
C27001 
Maritime Regulation Project 
 
Goodwin Port Solutions 
Ash Goodwin 
 

Value:   $4,169,012 
Report Expected: June 2024 
Industry Monitor/s: Maritime Regulation 

Task Group 
ACARP Contact: Anne Mabardi 

 
The project includes research to investigate issues 
relating to the accuracy, repeatability and reliability 
when testing coal cargoes for self-heating potential.  
 
Experimental work investigating the test methods was 
finalised in May 2022, with the outcomes presented to 
the Australian Maritime Safety Authority (AMSA) in June.  
 
During September, AMSA provided the project report 
and recommended regulatory responses to the 
International Maritime Organisation’s Sub-Committee 
on Carriage of Cargoes and Containers (CCC) for 
consideration. Work continues to progress amendments 
to the International Maritime Solid Bulk Cargoes (IMSBC) 

Code, with subsequent submissions to IMO scheduled in 
September 2023. 
 
AMSA has issued a Certificate of Approval AP5620, 
allowing coals meeting specified criteria to be classified 
and shipped as MHB(SH), and will extend this approval 
beyond the scheduled end date of 31 December 2022. 
 
C33004 
CGA Handbook: Second Edition 
 
Basacon Services  
Bruce Atkinson 
 

Value:   $45,552 
Report Expected: March 2023 
Industry Monitor/s: Graeme Harris 

Kevin Rowe 
Kim Hockings 
Luke Dimech 

ACARP Contact: Ashley Conroy 
 
ACARP has invested heavily in the development of CGA 
and its applications. In recent years that has included 
formalised workshops and most recently publication of 
the Coal Grain Analysis Applications Handbook ( project 
C27032). While the technology is receiving some 
attention, especially in the areas of metallurgical coke 
blend optimisation, and in the coal preparation flotation 
process, the technology remains at a low level of 
implementation, and it is considered that the further 
publication of a more concise Handbook, laying out 
actual data-use methodology, will provide a catalyst to 
increased use, with the ultimate aim that the Handbook 
may be converted to a Standards Australia Handbook in 
future years. 
 
The original CGA Handbook provides a detailed summary 
of all work that has been undertaken to 2019, including 
prospective applications. It is considered prudent to 
provide a considerably condensed version of the 
Handbook that presents the ‘here and now’ applications 
in a manner which aims to make it easier for users to 
engage with. 
 
The second edition of the CGA Handbook is now well 
advanced and undergoing preliminary review by industry 
monitors prior to completion. 
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C33065 
Digital Petrographic Atlas of Australian Coals - 
Maintaining the Knowledge 
 
University of Queensland 
Joan Esterle 
 

Value:   $197,537 
Report Expected: July 2023 
Industry Monitor/s: Graeme Harris 

Jay Zheng 
Sean Flanagan 

ACARP Contact: Ashley Conroy 
 
This project will create a Digital Petrographic Atlas of 
Australian Coals, their maceral and mineral composition 
at different ranks, linked into our current understanding 
of basin scale variation in rank, type and grade, 
highlighting case studies that assist with conceptual mine 
scale models for understanding and predicting coal 
quality variation. In addition to the atlas, a library of 
scanned petrographic images of product coals from 
different basins and formations, illustrating the variation 
in rank, grade and type will be developed. This can be 
used for reference, training and round robins. 
 
This summer quarter contained the annual holiday 
season and closure of labs and the project was hampered 
by some technical issues with the microscope system and 
university servers that required cross time zone 
scheduling to assist. Nevertheless, the team managed to 
run its bi-annual accreditation exercises with the ICCP 
and conduct a round robin of Case Study 1 samples with 
an external petrographer. The results are still under 
evaluation but inform issues that will need to be 
addressed in the atlas. Although there will be issues 
surround operator training, evolution of microscope 
systems, different reflectance standards, different 
combinations of objectives used for reflectance and the 
application of the different petrography standards, the 
results are very good. In our case the larger difference 
(still within a V step) was between the original 
reflectance data collected in the 1970’s (purportedly 
with a 32x oil objective) and the data collected now (with 
a 20x oil objective) and scanned. The results between the 
UQ and external petrographers on the scanned images 
was less than half a V step. The archival samples that we 
are using were collected and analysed before the 
Australian Standards were ratified, and since then there 
have been changes. Nevertheless, the external round 
robin shows the same stratigraphic trends between the 
scanned images and the original data. 
 
 
 
 
 
 
 
 
 
 

C33070 
Update of Coal Dustiness and Dust Extinction 
Moisture Standard AS4156.6  
 
University of Newcastle 
Dusan Ilic 
 

Value:   $150,000 
Report Expected: April 2023 
Industry Monitor/s: Chris Evans 

Graeme Harris 
Jane Lawson 
Kevin Rowe 

ACARP Contact: Ashley Conroy 
 
Following completion of two previous projects (C23054 
and C26007) a revised sample preparation and testing 
method has been specified. The current project involves 
a laboratory testing round robin to confirm the precision 
of the modified method, notably, reproducibility and 
repeatability. Testing of five different coal types is being 
undertaken by three different Australian entities. 
Outcomes of the round robin will inform an update of the 
standard AS4156.6 through Standards Australia, coal 
preparation working-group MN001-02.  
 
Progress during the quarter: 
• Laboratory 1 completed dustiness testing of all five 

coals; 
• Laboratory 1 still to do: characterisation of all five 

coals which is almost complete and report; 
• Laboratory 2 completed dustiness testing of all five 

coals; 
• Laboratory 3 completed dustiness testing of four 

coals and is retesting one coal due to faulty 
apparatus; 

• Project end date to accommodate Lab 3 retesting 
extended to March 2023 following meeting with 
industry monitors in November.  
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MINE SITE GREENHOUSE 
GAS MITIGATION 
 
C28076 
Selective Absorption of Methane by Ionic Liquids 
(SAMIL) - Phase 2: Demonstration in Packed Bed 
Reactors 
 
University of Newcastle 
Andrew Maddocks 
Behdad Moghtaderi 
 

Value:   $463,020 
Report Expected: March 2023 
Industry Monitor/s: Ben Klaassen 

Bharath Belle 
David Webb 
Jim Sandford 

ACARP Contact: Patrick Tyrrell 
 
The selective absorption of ventilation air methane 
(VAM) in ionic liquids has the potential to be a step-
change in VAM abatement technology. The absorption 
process would occur at ambient temperatures, which is 
significantly less than the autoignition temperature of 
lean methane/air mixtures. Operating at temperatures 
less than the autoignition temperature of VAM 
completely eliminates the safety concerns related to a 
mine fire or explosion caused by connecting a ventilation 
shaft to a VAM abatement plant. 
 
The primary aims of this project are to demonstrate the 
continuous operation of a bench-scale pilot-plant 
involving both absorption and desorption and 
understand the mine site integration challenges of the 
ionic liquid process. The research will focus on:  
• Determining the capture efficiency of the absorption 

process; 
• Determining the energy requirements for the 

desorption process and assess these requirements 
against the quantity of methane captured and 
desorbed; 

• Determining the scale-up rules for the process and 
estimate the size of the process equipment required 
for a typical mine site; and  

• Mine site integration by modelling the process as it 
would occur on a mine site using APSEN+. 

 
Experimental and modelling work was completed in 
October 2022 and the final project report is being 
prepared. 
 
 
 
 
 
 
 
 

C28078 
Technical Development Unit (TDU) for Catalytic 
Conversion of VAM  
 
University of Newcastle 
Michael Stockenhuber 
 

Value:   $646,080 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

Jim Sandford 
ACARP Contact: Patrick Tyrrell 

 
Ventilation air methane is a significant contributor to 
fugitive greenhouse emissions associated with mining, 
leading to significant investment in the development of 
mitigation technologies. Catalytic reactors have been 
shown to be a suitable option for oxidizing lean methane 
streams. Lab scale experiments have shown good 
stability for the catalytic oxidation of methane (<1%), 
demonstrating a capability to oxidise more than 90% of 
the methane present while maintaining temperatures 
below 500oC. This technology offers significant potential 
advantages over other potential alternatives, operating 
at significantly lower temperatures, well below the 
ignition temperature, with a much smaller footprint 
required. 
 
Lab scale catalytic reactors utilise a sized powder, packed 
bed, which are unsuitable for scaled reactors due to the 
high pressure drops which would be produced and the 
potential for the formation of channels resulting in 
bypassing and unreacted methane. It is proposed that for 
scaled reactors, monoliths can be used as rigid supports 
which promote high interaction with active catalyst 
species while minimising the pressure drop across the 
bed. The catalyst developed in previous successful 
projects has been coated on a sophisticated, 
unoptimised rigid support in a dedicated reactor which 
examines VAM oxidation at an increased scale of two 
orders of magnitude; providing >90% methane 
conversion and very low pressure drop. 
 
C33068 
Airbag Inspired Explosion Suppression System for 
Mitigation of VAM Explosions  
 
University of Newcastle 
Behdad Moghtaderi 
 

Value:   $286,678 
Report Expected: February 2023 
Industry Monitor/s: David Webb 

Jim Sandford 
ACARP Contact: Patrick Tyrrell 

 
The draft final report has been submitted to the Industry 
Monitors for review. 
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C34008 
Satellite Remote Sensing - A New Tool for Coal 
Mine Emissions Management  
 
Zephyr Environmental  
Damon Roddis 
 

Value:   $270,900 
Report Expected: May 2023 
Industry Monitor/s: Andrew Lau 

Ben Klaassen 
Jim Sandford 
John Watson 
Ned Stephenson 

ACARP Contact: Patrick Tyrrell 
 
The project objectives are to demonstrate the utility, and 
potentially limitations, of satellite remote sensing to the 
industry. We will investigate options available to the 
mining industry using both publicly available and 
commercial data sets from latest generation of satellite 
imagery. 
 
The two metrics relevant to coal industry emissions are 
methane and particulate matter. 
 
Work will evaluate what can be used to assist the 
industry, as well as the technological constraints and 
potential future investigations. 
 
The work to date has completed investigations of both 
methane and particulate matter remote sensing. A 
literature review of both techniques has been 
completed, which has identified current and future 
methane sensors as well as the main protocols involved 
in methane and particulate plume detection. Limitations 
and uncertainties with the methods being utilised have 
been identified, and project next steps progressed. 
 
It has been agreed that the particulates component of 
the study will now be halted, with resources devoted to 
the methane work. Following a workshop in December, 
the team is currently designing an appropriate field 
campaign to both quantify methane emissions / fluxes 
from open cut coal mines and to ground-truth 
observations from satellites. Our revised research path 
will be reviewed by industry monitors in Q1 2023. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C34066 
Safe Operation of Catalytic Reactors for the 
Oxidation of VAM Operating Under Abnormal 
Reaction Conditions  
 
University of Newcastle 
Michael Stockenhuber 
 

Value:   $344,064 
Report Expected: March 2023 
Industry Monitor/s: Bharath Belle 

Jim Sandford 
ACARP Contact: Patrick Tyrrell 

 
Significant concern has been raised over the release of 
fugitive greenhouse emissions, particularly those 
associated with mining where low concentrations of 
methane in ventilation air being one of the major 
contributors. Catalytic converters have been proposed as 
a suitable technology which has been shown to 
completely oxidise the small concentrations of methane 
present in ventilation air (VAM). Catalytic reactors off 
significant advantages over other potential technologies, 
most notably the requirement for a significantly lower 
temperature, able to operate at temperatures below the 
autoignition temperature under normal conditions. 
Under normal operation, there is the potential for 
intermittent release of methane which would cause the 
methane concentration of the air stream to briefly 
increase above the lower flammability limit. 
 
It is proposed that under the predicted methane 
excursions, catalytic reactors offer inherently safer 
technology, with the oxidation process not resulting in 
the production of radicals. Initial experiments have been 
conducted in a dedicated reactor and show that an 
increased methane concentration causes an elevated 
reaction exotherm, however even with methane 
concentrations up to stoichiometric conditions (10%) no 
carbon monoxide has been observed in the product 
stream, indicating complete oxidation, and there has 
been no indication of ignition.  
 
C35007 
GHG Workshops to Define Future Research 
Programs in Reporting and Measurement 
Methodologies and Open Cut Fugitive Emissions 
Management  
 
Zephyr Environmental  
Damon Roddis 
 

Value:   $35,000 
Report Expected: May 2023 
Industry Monitor/s: Ben Klaassen 

Jim Sandford 
ACARP Contact: Patrick Tyrrell 

 
The objectives of the project are to provide technical 
contribution to the define future research programs in 
reporting and measurement methodologies and open 
cut fugitive emissions management.  
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To this end, Zephy attended a meeting held at Newcastle 
in December 2022 (ACARP Technical discussion on 
formulating GHG research technical direction regarding 
fugitive emissions, measurement and management 
(excluding oxidation of methane). As part of this meeting, 
Zephyr Environmental was requested to summarise 
measurement / modelling techniques that can assist in 
the characterisation of fugitive methane from open cut 
coal mining. 
 
At the conclusion of the meeting, Zephyr was asked to 
compile a memorandum summarising the following: 
• Status of extension to project C34008: Sourcing 

Picarro methane monitoring instrumentation for 
future satellite ground-truthing; and 

• Proposed development of long proposal for fugitive 
methane emissions measurement and research. 

 
Both of these aspects have now been delivered and we 
are awaiting further instruction from industry monitors 
has to whether additional input is needed under this 
relatively minor project. 
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