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TECHNICAL SESSIONS

MONDAY, FEBRUARY 27
AFTERNOON

DREYER LECTURE
1:00 PM 
Lecturer: Richard Sillitoe, London, UK

MONDAY, FEBRUARY 27
AFTERNOON

BULK MATERIAL HANDLING: SYSTEM 
RELIABILITY AND EFFICIENCY IMPROVEMENTS
2:00 PM 
Chair: T. Burchett, Astec Industries, Hixson, TN

Introductions

Improving Stockpile Capacity
C. Hartford; Jenike & Johanson Inc, Tyngsboro, MA
Mining companies are continually seeking ways to increase production rates, 
decrease delivery times, and reduce operating costs. Bottlenecks in ore 
transport systems, due to material handling issues, can result in significant 
loss in profit. These bottlenecks are areas where the desired flow rate cannot 
be achieved. These bottlenecks occur for various reasons like increasing 
throughput in a transport system originally designed for a lower throughput, 
changing material characteristics (e.g. finer material, increased moisture 
content), changing to a new type of material or blend which alters handlea-
bility, or changes in operational philosophy due to equipment availability or 
process utilization. In stockpiles, material may have limited live capacity such 
that an adequate amount of ore may not be readily reclaimed when required 
(e.g to fill a complete train’s railcars). These bottlenecks have significant 
costs associated with them because of the lost opportunities for throughput. 
This talk will discuss the potential problems of stockpiles and how bulk ma-
terial technology and proper understanding of material flow characteristics 
can be applied to improve live stockpile capacity.

Simulation and Digital Twins as a Key Factor to Enhance 
Commissioning and Operational Performance of Complex 
Conveyor Drive Systems
C. Voelkel; Large Drives Applications, Siemens AG, Munchen, Bayern, Germany
Travel restrictions due to situations like the COVID-19 pandemic, increasing 
challenges to bring workforce to more and more remote mine sites, limita-
tions on work force availability and narrowing time frames for site activities 
are bringing simulation and digital twins into the focus of commissioning 
preparation and optimization of operational performance. Siemens Large 
Drives is combining real world hardware and digital twins to simulate system 
behavior with real plant parameters for pre-commissioning testing, FATs and 
system performance optimization.

Grade Dependent Sample Time for Prompt Gamma Neutron 
Activation Analysis (PGNAA): A Study by ABH Engineering Inc.
B. Hilscher and F. Yeung; EGBC, Surrey, BC, Canada
Bulk sorting systems such as prompt neutron gamma activation analysis 
(PGNAA) have been advancing rapidly over the last 10 years. Thanks to ad-
vances in the sensitivity and number of sensors, analysis that once took 10 
minutes can now be done in under 1 minute. This is crucial advancement 
because sample time determines “packet size” and packet size (together 
with the deposit heterogeneity profile) determines the economic benefits of 
bulk sorting. There is still room for improvement. By implementing grade-de-
pendent variable sample time, on current equipment and designs, we can 
reduce the average packet size, and improve the economics of bulk sorting 
systems. Based on the sorting experiences of ABH Engineering, every new 
and existing bulk sorting system could benefit from this software optimiza-
tion. ABH is publishing our work without intellectual property restriction to 
advance bulk sorting research and reduce mining’s environmental footprint.

Reduced Load Using Ore Sorters to Accomplish Modular 
Mill Design
B. Hilscher and A. Zhou; EGBC, Surrey, BC, Canada
In recent years, the necessity of ore sorting has been rapidly increasing due 
to economic and environmental pressures. The addition of bulk or particle 
ore sorters prior to processing can result in increased grade, minimized 
tailings, lower CO2 emissions, and increased NPV. The mill circuit can be 
scaled down using modular mill design technology that can be rearranged 
to accommodate a wide range of deposits and processing requirements. 
A modular plant is an engineered processing system that is composed of 
individual process units that can be assembled with minimal civil work. With 
a significant decrease in load, the recovery plant can be eventually reduced 
to modular and mobile. As result, the benefit of a modular plant is the de-
creased CAPEX, OPEX and increased flexibility compared to the conventional 
long-term operating processing plant. This paper outlines the results of the 
implementation of XRT sensors and the prospect of a small-scale modular 
processing plant. ABH Engineering, the leader in ore sorting applications, 
has investigated the future of flexible and small-scale mining in a constantly 
fluctuating economy.

MONDAY, FEBRUARY 27
AFTERNOON

COAL & ENERGY: BEST OF GROUND CONTROL
2:00 PM
Chair: M. Murphy, National Institute for Occupational Safety and 
Health, Pittsburgh, PA

Introductions

A First-Principles Causation Hypothesis for Pillar Bursts in 
Underground Coal Mines
R. Frith; Mine Advice Pty Ltd, Beresfield, NSW, Australia
A review of published literature reveals case histories whereby the entire 
periphery of a coal pillar has “burst” out as a single event during first work-
ings, the associated energy and material release causing significant damage 
to adjacent roadways and any equipment/infrastructure located within said 
roadways. Such events are distinct from coal burst events during first work-
ings such as that at the Austar Mine in 2014, or those linked to overburden 
bumps related to either horizontal stress-driven slip along major faults and/
or thick, massive strata units in the overburden or floor of the coal seam. The 
presentation considers as to how the necessary “unstable” conditions for a 
pillar burst event could conceivably be generated, based on established coal 
pillar mechanics, specific pillar loading conditions and the shear-restraint of 
horizontal planes according to both cohesion and friction. The associated 
hypothesis is applied to a published example to test its veracity.

Massive Pillar Collapses in U.S. Underground Limestone 
Mines: 2015-2021
G. Rumbaugh and C. Mark; Mine Safety and Health Administration,  
Pittsburgh, PA
From 2015 to 2021, five massive pillar collapses occurred at four under-
ground stone mines in the eastern United States. These events resulted in 
powerful airblasts that damaged mine infrastructure and mobile equipment, 
seriously injured miners, and disrupted underground travelways. Each of 
these pillar collapses propagated through the overlying strata, causing a 
subsidence basin on the surface. Pillar collapses are particularly hazard-
ous for miners because they can occur with little warning and can affect 
miners that are far from the pillar collapse area. The following case studies 
show that certain factors may increase the likelihood of a pillar collapse. 
For instance, each of the five events involved the collapse of at least twelve 
benched pillars with width-to-height ratios (w/h) of 0.8 or less. This study 
elaborates on these factors and proposes a framework to assist mine oper-
ators where they identify similar hazards.
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A Case Study of Potential Geologic Factors Affecting the 
Occurrence of Massive Ground Collapses at an Under-
ground Limestone Mine in Southwestern Pennsylvania
N. Evanek1, A. Iannacchione2 and T. Anderson3; 1Pittsburgh Mining 
Research Division, CDC NIOSH, Pittsburgh, PA; 2Civil and Environmental 
Engineering, University of Pittsburgh, Pittsburgh, PA and 3Geology and 
Environmental Science, University of Pittsburgh, Pittsburgh, PA
Five massive ground collapses have occurred in underground limestone 
mines in the United States between 2015 to 2021, with two of the collapses 
occurring at a single mine. Preliminary investigations have been focused 
on pillar geometry. The effect of the variable strength and thickness of the 
overlying strata have yet to be analyzed. The strength and thickness of the 
overlying strata are potentially influenced by the structural features and the 
stratigraphic characteristics of the strata above the areas where massive 
collapses are occurring. This paper reviews some of these features and 
characteristics observed in a mine in southwestern Pennsylvania, where a 
more recent massive ground collapse has occurred. This operation is one 
of many mining the Loyalhanna Limestone using underground room-and-
pillar methods. The conditions observed at this site help better understand 
how geologic structure contributes to the massive ground collapses at other 
current and future mining operations.

Evaluation of Seismic Potential in a Longwall Mine with 
Massive Sandstone Roof Under Deep Overburden: An Update
M. Van Dyke1, T. Klemetti1, Z. Khademian1, J. Wickline2 and J. Beale3; 
1Pittsburgh Mining Research Division, CDC NIOSH, Pittsburgh, PA; 
2Coronado Global Resources Inc., Beckley, WV and 3Pilot Geophysical LLC., 
Riner, VA
In 2016, a 3.7-ML magnitude event caused by mining activity occurred at a 
longwall mine in southwestern Virginia which was recorded by USGS and felt 
by local residents. The event was the largest of its kind since a global mine 
design change by the operator was instituted in 2008 following three large 
events in 2005, 2006 and 2007. Two of the three pre-2008 events damaged 
ventilation controls in the mine which fueled a mine fire. In 2016 the mine’s 
management requested researchers from the NIOSH to access geological 
data and determine what parameters could possibly lead to events of a mag-
nitude of 1.0 ML or greater. New changes to the forecasting process include 
implementing a change to the moderate potential criteria to expand the 
sandstone thickness to 4.6–12.2 m and decreasing the location error from 
a 91 m buffer to a 10% (58 m) elevation error based on the first overburden 
thickness threshold of 579 m. Since the first seismic forecasting map was 
published, the map has correctly forecasted 54%–71% of 115 total 1.0–1.4 
ML events, 69%-83% of 49 total 1.5–1.9 ML events, and 88% of 9 total 2.0 
ML or above events in previously unmined areas.

Distinct Element Analysis for the Effectiveness of 
Preliminary Coal Pillar Rib Support Systems Based on 
the Strength Reduction Method
D. Guner and T. Sherizadeh; Mining & Nuclear Engineering, Missouri 
University of Science and Technology, Rolla, MO
Despite numerous empirical, numerical, and hybrid studies conducted on 
the subject of coal rib failure, mine fatalities related to rib failures continue 
to occur. To date, a standard methodology for the design of coal rib supports 
which can accommodate the wide range of unique conditions found in coal 
mines in the United States has not been developed, forcing mine operators 
to rely on the trial-and-error process or industrial legacy practices for the de-
sign of coal rib support patterns. In this study, to better understand the sup-
port systems’ effectiveness, various rib bolting scenarios were investigated. 
A coal mass constitutive model is implemented to a Distinct Element Method 
(DEM) code, and rib factor-of-safety (RibFOS) analyses were performed by 
applying strength-reduction for the coal matrix and explicitly modeled face 
cleats. Ribs with various overburden depths and mining heights composed of 
solid Banded-Bright coal (BBC) were considered in this study.

Advantages of Combining Structure from Motion and Laser 
Scanning for Registration of Underground Cavities Using 
Mobile Devices
M. Gurgel and A. Preusse; Institute for Mine Surveying, Mining  
Subsidence Engineering and Geophysics in Mining, RWTH Aachen 
University, Aachen, Germany
Recent three-dimensional surveying techniques have opened up new oppor-
tunities for the registration and monitoring of underground cavities. There are 
essentially two main methods available: Laser scanning, which is used both 
above surface and increasingly underground, and photogrammetry, which is 
also experiencing a renaissance with techniques like structure from motion 
through the algorithm-based orientation of high- resolution images. Both 
methods provide the capability to reconstruct reality by various 3-D products 
like points clouds and meshed models. However, they differ significantly in 
the steps of registration and calculation as well as in the resulting evaluation 
options. A basic comparison is conducted regarding underground applica-
tions, considering monitoring of dynamic changes over time, surveying ca-
pabilities as well as sophisticated three-dimensional visualization as a basis 
for further application of virtual reality (VR) and augmented reality (AR). Open 
challenges and future fields of application are discussed, including the area 
of active mining but also new use cases like underground storage of energy, 
commodities, or residual materials.

Experimental Investigation for the Pull-Out Response of 
Coal Rib Bolts
A. Kirmaci, K. Karadeniz, D. Guner and T. Sherizadeh; Mining Engineering, 
Missouri University of Science and Technology, Rolla, MO
The anchoring capacity and shear stiffness of rock bolts are two main pa-
rameters that directly control the support elements’ effectiveness in coal 
ribs. Rib bolts are used to keep yielded ribs and control rib deformation; 
therefore, anchorage capacity and shear stiffness of roof bolts, available in 
the literature, may not reflect the actual characteristics of rib-bolt interac-
tions. This study presents pull-out test results for various bolt types, coal 
types, and rock partings. Results show that the coal strength and degree 
of cleating is the most significant parameter that governs the anchorage 
capacity and the load-displacement response of the rib bolt.

MONDAY, FEBRUARY 27
AFTERNOON

COAL & ENERGY: DEVELOPMENTS IN AIRBORNE 
PARTICULATE AND SILICA MEASUREMENT 
TECHNOLOGIES
2:00 PM
Chairs: K. Raj, CDC NIOSH, Spokane, WA 
D. Parks, CDC NIOSH, Spokane, WA

Introductions

Recovery and Characterization of Respirable Coal Mine 
Dust Particles from fiberglass TEOM filters used in CPDMs
A. Greth, F. Animah, C. Keles and E. Sarver; Mining & Minerals Engineering, 
Virginia Polytechnic Institute and State University, Blacksburg, VA
To better protect coal miners from occupational lung diseases, MSHA pub-
lished a new dust rule in 2014. One provision of the rule requires use of the 
continuous personal dust monitor (CPDM) to demonstrate compliance with 
the regulatory standard for respirable coal mine dust exposure (RCMD) in 
underground mines. Though the CPDM quantifies RCMD exposure concen-
tration (mg/m3) in near real time, it does not differentiate dust constituents 
including crystalline silica. To enable such analysis, this study explores recov-
ery of RCMD from the CPDM’s fiberglass, and a novel method to redeposit 
and analyze the sample by Fourier Transform infrared spectroscopy (FTIR).
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Characterization of Respirable Coal Mine Dust Size Distri-
bution, Chemical Composition, and Source Contributions
X. Wang1, J. Chow1, J. Watson1, B. Abbasi2, M. Elahifard1 and B. Osho2; 
1Atmospheric Sciences, Desert Research Institute, Reno, NV and 2Mining & 
Metallurgical Engineering, University of Nevada Reno, Reno, NV
Current regulations require monitoring respirable coal mine dust (RCMD) 
mass and respirable crystalline silica (RCD) in underground coal mines, 
the concentrations of which have decreased over the past decades. Nev-
ertheless, there is an increasing prevalence and severity of coal mine dust 
related lung diseases in some regions, indicating health influences of other 
parameters such as submicron particles and specific chemical constituents. 
This study aims to characterize RCMD beyond regulatory required mass 
and silica, including size distributions, chemical composition, and source 
contributions to evaluate potential causes of increased coal mine lung dis-
ease. RCMD were sampled from three coal mining operations. The mass 
distributions are similar to those measured over a decade ago, with mass 
median aerodynamic diameter of ~10 µm and most mass in size range 
>1 µm. However, mine-safe instruments for ultrafine particle measurement 
still need to be developed. Rock dust is a significant contributor to RCMD, 
accounting for over 30% of RCMD mass in many mine areas. Tests showed 
that silicon dioxide (SiO2) contributed to over 10% of RCMD mass in several 
active mining areas.

Comparison of Respirable Coal and Silica Dust Monitoring 
Systems for Underground Coal Mining Applications
A. Medina1, R. Rajapaksha2 and P. Roghanchi1; 1Mineral Engineering, 
New Mexico Institute of Mining and Technology, Socorro, NM and 2Ring-IR 
Company, Albuquerque, NM
Respirable coal mine dust (RCMD) are hazardous materials that may highly 
impact underground coal miners’ health. Continuous monitoring of respira-
ble silica dust levels in mining environments is crucial to ensure the safety 
of mine workers. RingIR Company utilizes patented cavity ringdown optical 
spectroscopy-based technology combined with miniaturized FPGA digital 
signal processing. The system continuously pulls air from the environment 
and determines the concentration of silica dust levels via data processing 
from an on-board computer. This research aims to validate the performance 
of the Ring-IR monitoring system. For this purpose, a new dust chamber ca-
pable of controlling pressure, relative humidity, and the temperature was de-
signed and fabricated. Dust samples were reduced to micron-size particles 
and introduced into dust using 3410 TSI dust aerosol generator. PDM3700, 
3321 TSI aerodynamic particle sizer, SPS30 particulate matter sensor, an 
ELF pump, and Ring-IR monitoring system were tested under various en-
vironmental conditions. Characterization studies were performed to identify 
the mineralogy and morphology of the respirable dust inside the chamber.

Calibration of Low-Cost Particulate Matter Sensors for 
Coal Dust Monitoring
N. Amoah, G. Xu and A. Kumar; Mining Engineering, Missouri University of 
Mines and Technology, Rolla, MO
Overexposure to respirable coal dust in coal mines causes serious respira-
tory diseases such as coal workers’ pneumoconiosis (CWP). The prevalence 
of CWP among coal miners has increased since the 1900s. The PDM3700 
used for personal coal dust monitoring is expensive, heavy, and bulky. There-
fore, only a few are used in mines making most miners unable to detect 
overexposures. Low-cost particulate matter (PM) sensors can measure per-
sonal exposure levels for all miners due to their low cost, small size and 
light weight. However, they have not been comprehensively calibrated for 
coal dust monitoring. This study aims to calibrate the Plantower PMS5003 
sensors for coal dust monitoring. Laboratory wind tunnel experiments are 
performed to evaluate their linearity, precision, limit of detection, upper con-
centration limits and temperature and relative humidity influence. They are 
then calibrated using linear regression models. The PM sensors show con-
siderable accuracy within 0 mg/m3 to 3 mg/m3 concentration levels with R2 
values of 0.7 to 0.9 with excellent precision at lower concentrations.

Selecting Filters for Both Mine Dust Mass and Crystalline 
Silica Measurements in Mines
J. Chow1, B. Osho2, M. Elahifard1, J. Watson1, X. Wang1, B. Abbasi2, 
R. Reed3 and D. Parks4; 1Atmospheric Sciences, Desert Research Institute, 
Reno, NV; 2Mining & Metallurgical Engineering, University of Nevada Reno, 
Reno, NV; 3Office of the Director, National Institute for Occupational Safety 
and Health, Pittsburgh, PA and 4Spokane Mining Research Division, National 
Institute for Occupational Safety and Health, Spokane, WA
Different filter media are used for dust sampling in mines: the continuous 
personal dust monitor (CPDM) uses borosilicate fiberglass filters to mea-
sure respirable coal mine dust (RCMD) mass concentration, while the Coal 
Mine Dust Personal Sampler Unit (CMDPSU) uses polyvinyl chloride (PVC) 
filters to measure respirable crystalline silica (RCS). The incompatibility of 
the fiberglass filters for silica measurements results in redundant sampling 
efforts. This study evaluates different filter media that can be used for both 
RCMD and RCS measurements with an aim to reduce sampling effort and 
increase monitoring efficiency. A literature review summarizes filter vendors, 
sizes, costs, chemical and physical properties, and filtration performances. 
Thirty-two filter types are evaluated for their blank spectral interferences on 
RCS quantification by Fourier Transform Infrared (FTIR) and Raman spec-
trometers. Preliminary results show that PVC, polytetrafluoroethylene (PTFE), 
and mixed cellulose esters (MCE) filters have low interference on RCS mea-
surement. These filters are further tested for filtration efficiency, pressure 
drop, loading capacity, and chemical/mechanical stability.

Refining Respirable Size Silica Particle Identification  
and Subclassification for Semi-continuous Monitoring 
Applications
N. Santa, C. Keles and E. Sarver; Mining and Minerals Engineering, Virginia 
Tech, Blacksburg, VA
The development of more advanced monitoring technologies for respirable 
coal mine dust is needed to understand and limit the rising trends of lung 
diseases among US coal miners. Previous work in our team has shown the 
capability of optical microscopy and automated image analysis to distin-
guish between respirable size coal and mineral fractions as the basis for 
a semi-continuous monitoring concept. However, subclassification of silica 
particles from the total mineral fraction has proven more challenging. In par-
ticular, high particle loading density has been identified as a confounding 
factor. This work aims to present the optimal sampling techniques and pro-
cedures to maximize silica subclassification accuracy through experimental 
design. Here, we present the results of the silica classification on lab-gen-
erated dust samples and discuss insights on a field-based monitoring ap-
plication based on portable microscopy and advanced image processing 
techniques.

Laboratory Real-Time Nano-Sized Particulate Sampling 
and Quantification Using a Multi-Stage Impactor for  
Respirable Dust Exposure Assessment
S. Azam, S. Liu, W. Groves and S. Bhattacharyya; Energy and Mineral 
Engineering, Pennsylvania State University, State College, PA
Recent studies suggest that nanoscale particles (NP) pose a higher risk to 
human health due to specific characteristics such as large surface area per 
unit weight or volume, which may cause a larger lung deposited surface 
area (LDSA) with different toxicology compared to the same mass concen-
tration of their larger counterparts. Based on our preliminary study, the NPs 
prevailing in the mine air may be a concern for mine workers’ health. One 
of the key challenges in studying the characteristics of NPs is the sampling 
and measurement of their real-time concentrations. In this study, we used 
the Dekati Electrical Low-Pressure ImpactorTM (ELPI) to provide a real-time 
concentration of dust particles in the range of 10nm-10µm. Experiments 
were performed in a laboratory aerosol chamber. Particulate concentration 
was monitored as a function of time and different loading conditions and 
compared with gravimetric measurement. The ELPI offers the real-time 
number and mass distribution of NPs and provides a foundation for cell tox-
icity analysis.
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Real-Time Photoacoustic Measurements of Respirable 
Crystalline Silica, Kaolinite, Coal, and Calcite
W. Arnott1, C. Kocsis3, X. Wang2, B. Osho4, P. Nascimento5, S. Taylor6, 
B. Bingham1, C. Murphy1 and M. Sandink1; 1Physics and Atmospheric 
Science, University of Nevada Reno, Reno, NV; 2Division of Atmospheric 
Science, Desert Research Institute, Reno, NV; 3Mining Engineering 
Department, University of Utah, Salt Lake City, UT; 4Department of 
Mining and Metallurgical Engineering, University of Nevada Reno, Reno, 
NV; 5Freeport-McMoRan Inc, Phoenix, AZ and 6Cooperative Institute for 
Research in Environmental Sciences, Boulder, CO
Real-time measurements of coal mine dust mass concentration (DMC) are 
needed for health and ventilation on-demand applications. Currently used 
methods require capturing dust on filters by means of a vacuum pump and 
Fourier Transform Infrared Spectroscopic (FTIR) analysis so that end-of-work-
shift measurements are accomplished. We are developing a photoacoustic 
spectrometer (PAS) equipped with a tunable quantum cascade laser (QCL) to 
measure speciated DMC in real-time. The QCL is tuned to four wavelengths 
to quantify the DMC of respirable crystalline silica, kaolinite, coal, and calcite. 
In addition to absorbing light strongly at one wavelength, each dust type also 
absorbs some laser light at the other wavelengths, as found in laboratory 
dust chamber measurements for each dust type taken separately. A matrix 
has been developed to quantify the relationship between speciated DMC and 
aerosol light absorption at the four wavelengths. The matrix inverse is used 
to obtain speciated DMC from PAS measurements for a mixture containing 
all four dust types. We present individual and mixed dust measurements to 
demonstrate the current state of the art in PAS sampling of speciated DMC.

MONDAY, FEBRUARY 27
AFTERNOON

COAL & ENERGY: PROSPECTING MENTAL  
HEALTH AND WELL-BEING IN THE WORKPLACE - 
PANEL SESSION
2:00 PM
Chairs: J. Lenz, Brooks & Nelson, Golden, CO 
G. Poplin, CDC/NIOSH, Spokane, WA

Introductions

Prospecting Mental Health and Well-Being in the Workplace
J. Lenz1 and G. Poplin2; 1Brooks & Nelson, Golden, CO and 2CDC/NIOSH, 
Seattle, WA
Physical and mental health are equally essential to overall well-being. With 
increasing stressors in and outside of work, the need for effective mental 
health strategies is essential in all fields of work, including mining. Un-
fortunately, effective mental health strategies are not as well implement-
ed in the workplace as the more common safety-based solutions. Join 
this panel discussion of professionals who will discuss the importance 
of mental health in the workplace. Panelists will share specific exam-
ples that offer ideas to help improve awareness and reduce stigma as-
sociated with mental health so that we may all better recognize the risks  
(e.g., burnout, anxiety, suicide), communicate effectively, and discuss other 
tools that can help us address these mental health and well-being chal-
lenges that so many of our friends and colleagues in the workplace are 
experiencing.

MONDAY, FEBRUARY 27
AFTERNOON

COAL & ENERGY/ M&E: LEGAL AND ETHICAL 
CONSIDERATIONS FOR ENGINEERS - PANEL
2:00 PM
Chairs: P. Dennison, Fisher & Phillips, LLP, Pittsburgh, PA 
S. Schafrik, University of Kentucky, Lexington, KY

Introductions

Legal and Ethical Considerations for Engineers
P. Dennison; Workplace Safety and Catastrophe Management, Fisher & 
Phillips, LLP, Pittsburgh, PA
It has been said that “ethics is knowing the difference between what you 
have a right to do and what is right to do.” And professional engineers are 
tasked daily with utilizing their knowledge, skill, and judgment to make deci-
sions that may have wide-ranging implications for themselves, their employ-
ers, and society at large. This session will highlight the ethical and potential 
legal aspects of engineering with a keen focus on what professional engi-
neers should consider in their daily responsibilities to help make them better 
engineers and witnesses in legal proceedings. The Professional codes of 
ethics will be considered as guidelines for professional engineering conduct 
and case studies will be utilized to underscore the concepts presented by 
the panel of presenters.

MONDAY, FEBRUARY 27
AFTERNOON

ENVIRONMENTAL: ENVIRONMENTAL SOLUTIONS 
TO PROTECT THE ENVIRONMENT
2:00 PM
Chairs: N. Astillero, Holcim US Inc, Morgan, UT 
J. Neilson, University of Arizona, Tucson, AZ

Introductions

Electric Future: Challenges for the Future Planning of Mine 
Access for Critical Resources
T. O’Brien, N. Syrtariotis, V. Gall and D. Reda; Gall Zeidler Consultants, 
Ashburn, VA
In the face of Climate Change, the global shift towards renewable energy 
sources and electric vehicles has resulted in a substantial growth in demand 
for critical mineral components. The burgeoning populations drive the need 
for greater food production, increasing the demand for farming necessi-
ties such as fertilizers. As a result, global mineral resource exploration and 
mining has had to ramp up to meet the growing needs, including targeting 
known or newly discovered resource deposits in remote or environmentally 
sensitive locations. To minimize environmental impact long distance access 
tunnels for underground mines are rapidly becoming the norm, often fac-
ing significant challenges. This paper evaluates cutting-edge technologies 
available to meet the challenges facing the future of mining and discusses a 
number of mine access tunnel case studies.
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Real Time Environmental Monitoring Enhances Decision 
Making
T. Killingbeck; Arcadis Canada Inc, Richmond Hill, ON, Canada
Having on-site environmental information available remotely allows our 
teams to make more informed decisions for project execution. Real time 
data can be collected and transferred up to every minute, which allows for 
live calculations. Arcadis has installed numerous monitoring systems for data 
collection, analysis, and a geospatial delivery cloud platform to supply live 
data to clients. Sensors used to collect data on water levels and chemistry, 
vibrating wire strings, weather stations, and cameras, allows clients to feel 
like they are on-site from their desktop. The equipment is operational across 
North America at active and abandoned mine sites, remediation projects, 
and sites requiring long-term environmental monitoring. This facilitates the 
continuous monitoring of data that could potentially reveal specific event-
based trends which were previously unknown. These systems are setup 
to be solar powered, stand-alone units and can have cellular or satellite 
communication. The real value of the product is the back-end geospatial 
processes that continuously review the incoming data and can automatically 
calculate changes and remotely send notifications to our clients.

Modern Mine Design: Environmental Protection Must Be a 
Key Design Criteria
K. Benusa; Twin Metals Minnesota, Ely, MN
This presentation will focus on the evolution of environmental protections 
incorporated into the Twin Metals project based on company values, stake-
holder engagement, and regulatory interaction. These environmental protec-
tions and project improvements will be related to the foundational goals of 
both the Minnesota Environmental Policy Act and the National Environmental 
Policy Act. Topic areas that will be included as part of the discussion are 
tailings management, material handling, siting, noise, visual, water manage-
ment, and GHGs. The Twin Metals project design represents an unwavering 
commitment to environmentally responsible mineral development in a new 
era of mining.

Phytoremediation of Ag and Au in Mining Liabilities by 
Stipa Ichu and Cortaderia Nitida: A Laboratory Assessment
S. Bravo Thais, M. Romero Arribasplata, M. Flores Obispo and M. Guzman; 
Mining Engineering, Pontificia Universidad Catolica del Peru, Lima, Peru
The phytoremediation method is proposed to recover valuable metals from 
polluted soils. In this sense, the objective of this research is to determine if 
it is possible to use native plants in the recovery of precious metals from 
abandoned mining liabilities. The tailings samples containing Au and Ag were 
acquired from the northern region of Peru. Two native plant species, Stipa 
Ichu and Cortaderia Nitida, were used. Results show that Au was recovery 
around 19% (1.52 mg/Kg) and 25.43% (1.78 mg/Kg) by using Stipa Ichu 
and Cortadeira Nitida, respectively. Besides, Ag had a better recovery in the 
Stipa Ichu reaching a value of 6.83% (0.628 mg/Kg); in contrast, Cortadeira 
Nitida had an efficiency of 3.6% (0.814 mg/Kg). Translocation, Bioaccu-
mulation and Bioconcentration factors were calculated by determining the 
concentration of precious metals in the roots and aerial parts of each plant. 
Results show that Stipa Ichu had a greater capacity of hyperaccumulated Ag 
compared to Au; while Cortaderia Nitida tended to have a better performance 
for Au. In conclusion, both plants are recommended for phytoremediation of 
mining liabilities.

Communal Gold Processing Plants in the Colombian  
Artisanal and Small-Scale Gold Mining Sector:  
Challenges and Opportunities
M. Rojas1, J. Lucena1, O. Restrepo Baena3, J. Smith1 and T. Phelan2; 
1Engineering, Design and Society, Colorado School of Mines, Golden, 
CO; 2Civil and Environmental Engineering, US Air Force Academy, USAF 
Academy, CO and 3Materials and Minerals, Universidad Nacional de 
Colombia, Medellín, Medellín, Colombia
Many attempts to improve gold processing in artisanal and small-scale gold 
mining, a sector that releases 2000 tonnes of mercury yearly yet generates 
15 million jobs worldwide, have failed from a lack of understanding of min-
ers’ perspectives in the design of processing plants. While some communal 
processing plants (CPPs) have empowered miners and improved processing 
methods, these plants have not succeeded in Colombia. In our paper, we 

will demonstrate how a limited vision of CPPs is preventing their success in 
Colombia and outline how future efforts could be sustainable by focusing on 
miners’ desires for political and economic autonomy.

Phytoremediation Potential and Metal Tolerance of Atriplex 
Lentiformis - Linking Plant Stress Gene Expression and 
Plant-Microbe Interactions in Metal-Contaminated Mine 
Tailing
K. Murawska-Wlodarczyk1, P. Kushwaha1, R. Maier1, J. Schroeder2 and 
A. Babst-Kostecka1; 1Environmental Science, The University of Arizona, 
Tucson, AZ and 2Division of Biological Sciences, University of California San 
Diego, La Jolla, CA
Phytoremediation techniques offer economically attractive, sustainable, and 
green solutions for mining legacy sites. Unfavorable biogeochemical char-
acteristics of mine tailing deposits (i.e., low fertility, high salinity) hamper 
phytoremediation success, which is more challenging in arid and semi-arid 
areas. We monitored and quantified temporal changes in plant performance 
and root systems in eight different metal-contamination levels of mine tailing. 
Moreover, we assessed stress gene expression, characterized the diversity 
and structure of soil microbial communities, and combined the data with 
soil biogeochemical characteristics. Our results will enable the development 
of effective site-tailored strategies for the sustainable phytoremediation of 
metal-contaminated and nutrient-poor mine tailings.

Tailings Dust Control Using Bioinspired Glycolipid Surfactants
D. Hogan1, F. Martinez2, C. Rodriquez2, T. Lee2, R. Maier1 and M. Kim2; 
1Environmental Science, University of Arizona, Tucson, AZ and 2Material 
Science and Engineering, University of Arizona, Tucson, AZ
Ambient air pollution is a leading contributor to global disease burden that 
increases morbidity and mortality, and the mining industry accounts for 12% 
of global particulate matter health impacts. Fugitive dust emissions from tail-
ings are particularly problematic due to their fine textures and susceptibility 
to wind transport. To protect human and environmental health from mining 
related dusts and ensure regulatory compliance, it is important to develop 
innovative, environmentally-compatible technologies capable of mitigating 
such emissions. Bioinspired glycolipids are environmentally-friendly, high-
ly-effective dust suppression agents that are suitable alternatives to current 
dust suppression approaches utilized in the mining industry.

Scram Tailings Mineland Reclamation 3-year Case Study 
and Recommendations
A. Kramer Polacsek; Natural Resources, Short Elliott Hendrickson Inc., 
Duluth, MN
Minnesota’s robust reclamation standards have proven results in the taco-
nite mining industry. Reclamation of overburden spoils, lean ore spoils and 
fine tailings from taconite production has generally been successful on the 
Iron Range, using a low input standard reclamation practice. However, new 
breakthroughs in iron ore scram mining technologies are producing fine and 
coarse tailings that have not been encountered nor reclaimed in northern 
Minnesota. This presentation is the culmination of three years of innovative 
research to investigate potential successful reclamation strategies for scram 
mining tailings in Minnesota. This presentation will focus on the results of the 
3-year study (2016-2018) by briefly summarizing Phase I (Year 1 research 
proposal and bench scale results), subsequent Phase II (design and Year 2 
field trial results), and finally the Phase III (Year 3 results and reclamation 
recommendations). The research program will also describe collaboration 
between private industry and a public agency to provide research funding 
support.
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MONDAY, FEBRUARY 27
AFTERNOON

ENVIRONMENTAL: GREEN MINING I
2:00 PM
Chairs: E. Vahidi, University of Nevada Reno, Reno, NV 
D. Reed, Idaho National Laboratory Research Library, Idaho Falls, ID

Introductions

Electrochemical Bioleaching of Critical Minerals from 
Spent Lithium-Ion Batteries
C. Barboza1, M. Alipanah2, L. Aldana1, Y. Fujita1, H. Jin2, V. Thompson1 

and D. Reed1; 1Energy Environment Safety and Technology, Idaho National 
Laboratory Research Library, Idaho Falls, ID and 2Department of Systems 
Engineering, University of Arizona, Tucson, AZ
The share of electric vehicles (EVs) in the transportation fleet has been grow-
ing as the energy economy shifts from fossil fuels to electricity. Lithium-Ion 
batteries (LIBs) are used in EVs and have critical minerals inside of them 
that can be recycled. Bioleaching is one way of recycling LIBs. At the INL, a 
bioleaching process has been established that utilizes microbially produced 
organic acids. The organic acids in addition to ferrous iron in equimolar con-
centrations to Co, Mn, and Ni work together to help solubilize the metals in 
the LIBs. While this process is effective, the high iron content can lead to 
downstream separation challenges. To try to overcome these issues, elec-
trochemical leaching methods have been added to the bioleaching process. 
We have found that by using the electrochemical cell to recycle iron, the iron 
requirement for bioleaching can be decreased >87% to recover Li, Co, Mn 
and Ni. It was also shown that increasing the temperature from 20-55° C in 
the electrochemical cell improved biorecovery by 15-30%. Sequential leach-
ing sessions with fresh biolixiviant additions increased recoveries to almost 
100% of Li, 81% of Ni, 87% of Mn, and 73% of Co.

More Sustainable Method for Extraction of Lithium Ions 
from Lithium Clays
J. Floyd, R. Dilts, R. Rubin, J. Josselyn, J. Colangelo, M. Reakes and 
M. Nadal; Biomining, Cemvita Factory, Westminster, CO
Over the past decade, lithium production rose from 25,400 to 85,000 tons 
across lithium-producing countries and is expected to increase further as 
the demand for electric vehicles, batteries, laptops, and cell phones rises. 
The US has substantial clay deposits that contain lithium and technology 
has been developed to extract this lithium using sulfuric acid. Typically, this 
method requires on-site sulfuric acid generating plants that can lead to the 
formation of toxic ponds and can cause spills that impact the local flora and 
fauna and can be introduced to local water tables. Cemvita is developing ap-
proaches for bioleaching Li from clays using microorganisms, thus reducing 
the environmental impact of sulfuric leaching. Moreover, by incorporating 
the use of local agricultural silage as feedstocks for the microorganisms the 
process becomes more carbon neutral as typical methods involve shipping 
elemental sulfur to mines. Initial screening of our isolates has demonstrated 
that our biolixivant can recover lithium from clays comparable to traditional 
sulfuric acid leaches and selectively removes gangue materials that aid in 
downstream purification of lithium from clays.

Comparative Life Cycle Analysis for Gold Recovery From 
Different Types of Ore in Nevada
S. Kadivar1, H. Akbari2 and E. Vahidi1; 1Mining and Metallurgical 
Engineering, University of Nevada Reno, Reno, NV and 2Kinross Gold 
Corporation, Round Mountain, NV
Given the fact that worldwide greenhouse gas emissions from the gold 
mining industry exceed 100 Mt CO2-e per year, there are still significant 
knowledge gap marks about country contributions. Gold mining has played 
a significant role in Nevada’s economy, but so far, its effects on the en-
vironment have received trivial attention. This study aimed to evaluate the 
environmental footprints of various processing routes of gold production in 
Nevada. Depending on the type of gold ore and its mineralogical features, 
a variety of beneficiation and extraction procedures are available for gold, 
including heap leaching, cyanidation, roasting, and pressure oxidation.

Environmental Footprints of the Lithium Production from 
Sedimentary Deposits in Nevada
S. Mousavinezhad1 and E. Vahidi2; 1PhD student of University of Nevada, 
Reno, NV and 2Mining and metallurgical department, Assistant Professor,  
Reno, NV
Lithium has been employed in lithium-ion batteries used in various high-tech 
devices. Despite the vast applications of lithium in clean-energy technolo-
gies, their production is associated with environmental impacts. However, 
due to a lack of data, a handful of life cycle assessment (LCA) studies have 
been conducted on lithium production, most of which are for the production 
pathways from brines and hard rocks. In this investigation, a comprehen-
sive LCA on lithium carbonate production from clay minerals in Nevada was 
conducted. The results demonstrated that mining transportation, drilling, 
blasting, leaching, and lithium carbonate production have the highest en-
vironmental impacts.

In-Situ Reductive Bioleaching of Manganese Ores
T. Eisele, N. Sharma and P. Borkar; Chemical Engineering, Michigan 
Technological University, Houghton, MI
Manganese ore bodies in the US tend to be either small in extent or low 
grade compared to deposits available elsewhere, and they are not econom-
ically practical to mine with existing technology. As a result, even though 
manganese is a critical mineral in several industries, it is not currently mined 
in the US. An approach is described that will make extracting manganese 
from these ore bodies much more economic. A reductive bioleaching pro-
cess is used for in-situ leaching of manganese, with the nutrition for the 
metal-reducing organisms being provided by organic-rich solutions from 
either a natural or constructed wetland on the surface. Once the manga-
nese is reduced to the soluble Mn[2+] state, the solution is pumped to  
the surface and the manganese recovered by reoxidizing and precipitating 
it, and the water is recycled. Experimental results are presented for a con-
tinuous bench-scale process extracting manganese from approximately 100 
kg of ore.

The Future of Biotech in the Mining industry: Tailor-Made 
Heap Community Enhancement in Copper Leaching
S. Christel, S. Stettner, T. Clark and M. Reakes; Biohydrometallurgy, 
Cemvita Factory, Westminster, CO
Despite the well-documented role biology plays in copper heap leaching, 
the microbial component in copper leaches is often considered a one-time 
investment and a black box from there on out. Biotech enabled by the ad-
vent of next generation sequencing and so called -omics technologies has 
revolutionized other industry sectors, but largely bypassed mining. Cemvita 
Factory are using cutting edge methods to assess identity of microbes, their 
genetic potential, and actually catalyzed reactions. This enables us to infer 
conditions in the heap that are otherwise hard to measure, such as aeration, 
temperature, organic carbon, etc., and identified problems can be addressed 
by tailor-made, targeted inoculation. “-omics” analysis of biomining environ-
ments allows for the identification of metabolic capabilities that are important 
enough to be targeted by genetic engineering, a technique with the potential 
to deliver more resistant and effective microorganisms at a much faster pace 
than natural or induced evolution or adaptation-acclimation processes. In a 
nutshell, engineered bacteria may be successfully applied where non-opti-
mized bacteria have failed.
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Mineral Carbonation of Mine Tailing
K. Ofori, K. Liberman and L. Pan; Michigan Technological University, 
Houghton, MI
Mine tailings from sulfide mining contains a significant amount of CO2-re-
active ultramafic minerals including olivine and serpentine. These minerals 
react with CO2 in moist air or in water, forming stable carbonate minerals. 
In this study, both the kinetics and storage capacity of selected mine tailing 
samples from one domestic mine have been investigated using a lab-scale 
set-up. The effect of CO2 partial pressure, temperature, bicarbonate con-
centration, and reaction duration were investigated. Results showed that the 
mineral carbonation might be both kinetics-controlled and diffusion-con-
trolled reaction depending on solution chemistry and temperature. Diffusion 
and dissolution of CO2-reactive ions, such as magnesium, calcium, and iron, 
from mineral crystal is essential to both the kinetics of mineral carbonation 
reaction and maximum CO2 storage capacity. The present result will be use-
ful to predict the CO2 storage capacity per ton of mine tailings.

MONDAY, FEBRUARY 27
AFTERNOON

HEALTH & SAFETY: CASE STUDIES IN DIRECT 
READING INSTRUMENTATION AND SENSOR 
TECHNOLOGY
2:00 PM
Chairs: P. Tukkaraja, South Dakota School of Mines and Technolo-
gy, Rapid City, SD 
M. Carhuaz Chavez
F. Animah, Virginia Polytechnic Institute and State University, Essen, 
Germany

Introductions

Comparing the Use of and Concerns About Direct-Reading 
Instruments and Sensor Technologies in the Mining Indus-
try and Other Occupational Sectors
E. Haas2, E. Cauda1 and T. Bauerle1; 1Office of Mine Safety and Health 
Research, National Institute for Occupational Safety and Health, Pittsburgh, 
PA and 2National Personal Protective Technology Laboratory, National 
Institute for Occupational Safety and Health, Pittsburgh, PA
Direct reading methodologies and real-time sensors have become important 
health and safety (H&S) tools, requiring a need to understand the perceptions 
and uses of them in the workplace. Researchers involved in NIOSH’s Center 
for Direct Reading and Sensor Technologies (DRST) developed a survey that 
was publicly available to practitioners between August and December 2021. 
Eighty-eight respondents participated, of which 9 selected Mining as their 
primary industry. Manufacturing (n=11) and oil and gas (n=8) were also 
represented as well as transportation, construction, and agriculture. Over 
75% of mining respondents reported using DRST to monitor noise, aerosol, 
ergonomic, heat stress, and fatigue hazards. This presentation compares the 
descriptive results and open-ended experiences shared by those in mining 
to those in other sectors. For example, user acceptability was not an issue 
of concern identified among mining respondents whereas in the rest of the 
sample, user acceptability was identified as a primary concern. Results high-
light what the mining industry can learn from other sectors and what other 
sectors can learn from mining when introducing and using new DRST.

Droppable Nodes Based Wireless Mesh Network in Intelli-
gent Mine Rescue Systems
P. Duane2, S. Shao2 and P. Roghanchi1; 1Mineral Engineering, New Mexico 
Institute of Mining and Technology, Socorro, NM and 2Electrical Engineering, 
New Mexico Institute of Mining and Technology, Socorro, NM
Wireless communication in underground mines is a particularly challenging 
issue due to the dynamic and inconsistent nature of mines. The size, shape, 
and natural materials present in a mine, in addition to the various man-
made structures installed, can change drastically from one mine to another. 
This makes even simple scenarios, such as line-of-sight communication, 
much more difficult. We aim to develop a robot-deployable wireless com-
munication system that can provide reliable communication for several ap-
plications, including real-time video, for post-accident mine rescue missions. 
We will use a partial mesh network infrastructure (hereafter referred to as 
simply a “mesh network”) due to its ability to determine its infrastructure and 
“self-heal” or autonomously reestablish communication paths in the event 
of a localized node failure. The network will communicate using ultra-high 
frequency (UHF) bands to support the necessary data rate. To determine the 
best algorithms for frequency selection, routing, et cetera, we will collect 
measurements in mines and other underground environments to develop 
a working model that can be used to simulate various mine environments.

Battery-free Optical Backscatter Communication Link for 
Underground Emergency Response System
A. Salustri2, S. Shao2 and P. Roghanchi1; 1Mineral Engineering, New Mexico 
Institute of Mining and Technology, Socorro, NM and 2Electrical Engineering, 
New Mexico Institute of Mining and Technology, Socorro, NM
During an underground mining emergency, it may take many hours for mine 
rescuers to reach the accident zone. To address this, a NIOSH-funded re-
search program is developing a robotic rescue system to improve self-es-
cape capabilities. As part of this program, we develop, prototype, and evalu-
ate an optical backscatter communication link allowing miners to wirelessly 
report preprogrammed distress states to a rescue robot. The proposed de-
vice is mounted on the miner’s suit and sends information by backscattering 
the beam originating from a robot’s searchlight. Modulation is performed 
by electrically controlling the opacity of liquid crystal shutters mounted over 
a retroreflecting sheet. The device is powered from the beam energy via 
a small, high-efficiency solar panel, and is thus completely passive when 
not transmitting. The effects of design parameters such as solar cell area, 
shutter size, and modulation frequency are evaluated at different distances, 
orientations and visibilities.

Leveraging Sensor Networks in Mines to Pinpoint and 
Prevent Silica Exposure Risks
J. Fang and T. Chadha; Applied Particle Technology, St. Louis, MO
Miners are often exposed to respirable crystalline silica (RCS) as a result of 
normal mining and processing operations. Industrial Hygienists in the min-
ing industry are tasked with characterizing exposure risks and implementing 
proper measures to protect workers from RCS exposures. The reliance on 
pumps, filter media, and Time Weighted Averages for exposure assessments 
has limited the ability to pinpoint and track risks for different tasks related 
to mining operations. New developments in direct-read instruments have 
improved exposure assessments allowing for time-series measurements 
of exposures, but have had limited capacity in the number of instruments 
that can be deployed due to issues with complexity and data management. 
Applied Particle Technology has worked with several mining companies to 
develop improved workflows to pinpoint exposure risks leveraging cloud-
based technologies, machine learning algorithms, and integrated sensor 
networks, specifically for silica and dust exposures. This presentation will 
present a real-world case study along with different considerations for inte-
grating data from direct reading instruments, and software to help improve 
exposure assessments.
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Electromagnetic Emission Measurement of the Shielded 
Metal Arc Welding (SMAW) Process
L. Yan, B. Lambie, J. Carr and J. Srednicki; CDC/NIOSH, Pittsburgh, PA
Electromagnetic emissions from electrical devices may interfere with elec-
tronic safety systems or other devices in the mining environment. This elec-
tromagnetic interference (EMI) may cause unwanted changes in the per-
formance of the affected devices and may cause safety issues for miners. 
To minimize the risk of EMI, the National Institute for Occupational Safety 
and Health (NIOSH) has conducted research to quantify the electromagnetic 
emission of equipment which might be used in mining environment. The 
shielded metal arc welding (SMAW) machine is one of the welders widely 
used in the mining industry. It was reported that SMAW process may cause 
EMI issue to other electronic devices nearby. In this study, the electromag-
netic emissions of SMAW process were monitored and measured. Several 
factors were investigated to compare their effect on emission level. The re-
sults show that the emission level from the welding process can be affected 
by those factors. The information in this paper can be useful for the mining 
industry to better understand the emission in microwave and radio wave 
range from a SMAW welder.

Precision Landing UAV in Low-Light GPS Denied Under-
ground Mine Environment
P. Roghanchi1, J. Racette2, C. Dinelli2 and M. Hassanalian2; 1Mineral 
Engineering, New Mexico Institute of Mining and Technology, Socorro, 
NM and 2Mechanical Engineering, New Mexico Institute of Mining and 
Technology, Socorro, NM
Drone technologies have several potential applications in underground min-
ing, including data collection, monitoring of inaccessible areas and mine 
rescue. Autonomous precision landing is a critical stage in order to land the 
drone in a specific location and orientation for data collection. New precision 
landing techniques can cut the landing margin of error from a matter of 
meters to a matter of centimeters. The process involves a sensor on the 
drone, such as a visual, thermal or infrared capable camera, gathering infor-
mation from the ground or landing target. In order to land in the GPS denied, 
low-light, enclosed environment present within underground mines, a drone 
equipped with a thermal imaging camera and a visual camera. The thermal 
camera will be programmed to detect the specific heat signature generated 
by four electromagnets within the landing pad, used to snap the drone legs in 
place upon landing. As an additional check, an LED-lit ArUco marker will be 
used along with a visual camera to aid the landing process while the drone 
flies directly over the landing pad.

MONDAY, FEBRUARY 27
AFTERNOON

HISTORY OF MINING
2:00 PM
Chair: G. Luxbacher, NIOSH, Prosper, TX

Introductions

Politics, Prospecting Philanthropy and Plants; The Thomp-
son Family Legacy
C. Anderson; Colorado School of MInes, Golden, CO
Many began amassing their mining fortunes in Butte, America. The Thomp-
son famliy is one of these. Ironically, their story and contributions are rarely 
publicized or forgotten and they largely exist as a a subliminal footnote in 
history. This presentation will outline their lasting legacies in Politics, Pros-
pecting, Philanthropy and Plants.

Immigrant Miners and Organized Labor in North America 
1870-1920
E. McCarthy; Retired, Morgan Hill, CA
The post civil war period was characterized by dramatic growth in mining, 
consolidation of industry ownership, and a deflationary environment that 
drove down the value of coal, silver and copper. Widespread efforts to reduce 
wages in turn generated multiple efforts to marshal the immigrant workforce 
by the nascent organized labor movement. There were many strikes, most 
unsuccessful, and violence by and against the strikers. The Molly Maguires, 
the Pinkertons and Mother Jones became household names. But there were 
many long term peaceful owner/miner relationships as well. This presenta-
tion will cover the ugly, the bad and the good of that gilded age.

The Early History of Vanadium and Uranium Mining on the 
Colorado Plateau (1881-1942)
I. Barton; Mining & Geological Engineering, University of Arizona, Tucson, AZ
From their discovery in 1881 until about 1901, the Colorado Plateau uranium- 
vanadium deposits were considered too lean to mine. The discovery of ra-
dium, a European arms race, and the Austrian government’s sequestration 
of Europe’s radium supply caused the first major mining on the Colorado 
Plateau in the earliest 1900s. Henry Ford brought vanadium steel to the 
US in 1907, creating the first domestic market and a mining surge on the 
Plateau. The results included the discovery of more, larger and higher-grade 
deposits than previously known, mainly in the Salt Wash sandstone. Mining 
was for V and Ra; most U was wasted. In World War I demand first dropped, 
then spiked. After the war pent-up civilian demand for automotive V-steel 
and medical Ra sustained mining for a time. A 1920-21 depression, com-
petition from Congo pitchblende, radium health hazards, and then the Great 
Depression shut mining down in the 20s-30s. Demand did not come back 
until 1939 when the US began stockpiling V and other strategic minerals. 
Soon after, US nuclear research finally made the first market for U, mainly 
from discarded V and Ra tails. After the war, U became the principal com-
modity mined in the region.

Floursphar Mining History – West Kentucky-Southern 
Illinois Fluorspar District
J. Gardner; Tetra Tech Inc., Lexington, KY
The West KY-Southern IL Fluorspar District has a rich history of fluorspar, 
zinc and lead production dating back to the 1800s. In IL fluorite was mined 
almost exclusively in Hardin and Pope Counties; and Crittenden and Living-
ston Counties in Kentucky. By 1990 more than 90% of the fluorite used in 
the US was imported and today almost 100%, with most from Mexico, then 
China, South Africa and Mongolia. Uses for fluorspar include production of 
hydrofluoric acid (HF) is the leading use for acid-grade (97% or more CaF2) 
fluorspar. HF is the primary feedstock for the manufacture of virtually all flu-
orine-bearing chemicals and is also a key ingredient in refrigerants and the 
processing of aluminum and uranium. Lesser grades of fluorspar (known as 
metallurgical and ceramic grades) are used as a flux in steelmaking, in iron 
and steel casting, primary aluminum production, glass manufacture, enam-
els, welding rod coatings, and cement production. Fluorspar is considered 
a strategic mineral for its various industrial and military applications and 
included in the list of 14 raw materials labeled as “critical” by an expert group 
of the European Commission of the European Union (EU)

Underground Coal Mine Mechanization – The Development 
of the Continuous Miner
G. Luxbacher; OMSHR, NIOSH, Prosper, TX
Underground coal mining has transitioned from pick and shovel through 
conventional mining with mechanized loading beginning in the mid-1920s 
to, beginning in the late 1940s, continuous mining. The early continuous 
miners, available in a variety of forms and from an assortment of manu-
facturers, went through significant technological development to get to the 
units now available. This presentation traces the changes in technology from 
1948 to the present, with particular focus on the impacts to worker health 
and safety. The higher power continuous miners in use today, coupled with 
improvements in coal preparation plants, permit the mining of roof rock for 
height or roof control, increasing the quartz content in respirable dust and 
potentially contributing to an increase in coal worker pneumoconiosis (CWP).
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Changes in RCMD from early 2000’s to late 2010’s
C. Keles, s. Ghaychi Afrouz and E. Sarver; Virginia Polytechnic Institute and 
State University, Blacksburg, VA
A dramatic resurgence of coal workers’ pneumoconiosis has occurred 
among US miners since the late 1990s, and MSHA published a ‘new dust 
rule’ in 2014 to better protect miners from respirable dust. Despite spec-
ulation about changes in dust characteristics over time that could affect 
exposure hazards, a scarcity of historical dust samples has impeded in-
vestigation. However, a recent inventory by NIOSH turned up several sets 
of research samples collected in the early 2000’s, which can be directly 
compared to samples collected by our own team in the late 2010’s. Here, 
we discuss apparent changes in particle size and mineralogy distributions.

MONDAY, FEBRUARY 27
AFTERNOON

INCLUSION AND DIVERSITY: UNCONSCIOUS BIAS 
AND INTENTIONAL INCLUSION
2:00 PM
Chairs: J. Baron, Newmont, Weston, FL 
J. Dowding, Nevada Gold Mines, Winnemucca, NV

Introductions

Impact of Occupational Gender Segregation on Female 
Workers’ Well-being and Retention in the Mining Industry
A. Anani1 and J. Potter2; 1Mining and Geological Engineering, University of 
Arizona, Tucson, AZ and 2Geotechnical Center of Excellence, University of 
Arizona, Tucson, AZ
This research aims to test the hypothesis that the low retention rate 
of women in the mining industry is caused by workplace culture and 
policies established due to gender segregation. A quasi-experiment 
is developed to determine the cause-and-effect relationship between 
gender segregation-inspired culture and the retention of women. The 
experiment will consider the impact of the job type and the operational 
environments. The analysis is expected to provide information on factors 
that cause low retention of women in the industry, the extent to which 
gender segregation plays a role, and insights that allow actionable and 
measurable changes in the industry.

Attracting Diverse Talent to the Mining Industry
S. Loomis; Caterpillar Inc, Denver, CO
The mining industry struggles with attracting diversity in the workplace. This 
results in high competition with limited talent availability. As the war for talent 
increases, that makes every requisition that much more critical to find the 
best talent, every time. The industry has been vocal about priorities of gender 
equality, and miners are setting aggressive and transparent targets for gen-
der diversity. Studies have shown, a diverse workforce is a higher perform-
ing and highly engaged which translates to better financial performance. As 
more and more operations go autonomous, with centralized control rooms, 
there is more of a chance to find and retain diverse talent.

Inclusive Workplace Design – Learnings from WIM USA 
and the IWiM Alliance
A. Chancellor; WOMEN IN MINING USA, Denver, CO
In 2021, Women in Mining (WIM) USA became a founding member of the In-
ternational Women in Mining Alliance. The Alliance provides a global support 
platform that facilitates collaboration among WIM organizations to promote 
a strong, unified WIM voice. At the inaugural Global WIM Summit in March 
2021, four working groups were established around common themes to 
drive DE&I within the mining industry including: STEM Women in Mining, the 
Global Data Deficit, Role Models & Mentors and Inclusive Workplace Design. 
Representatives from WIM USA and Women in Resources (WiR) Northern 
Territories (Australia) were selected lead the Inclusive Workplace Design 
Working Groups in monthly discussions throughout 2021 and early-2022. 
This session will provide an overview of the experiences, knowledge and 
existing best practices shared from across the globe; along with the planned 

next steps for development of a policy framework for the Inclusive Workplace 
Design initiative into 2023 and beyond.

Neuroscience of Inclusion: Manage Bias and Maximize 
Inclusion
S. Murphy; BrainSkills@Work, Minneapolis, MN
When it comes to working across differences effectively, does your brain 
work for you or against you? How can unconscious bias be understood and 
disrupted to improve performance of individuals and organizations? Recent 
neuroscience research is shedding tremendous light on the brain, bias and 
behavior, and how the brain can trip us up despite our good intentions to be 
inclusive. This interactive session will highlight the ways the brain is naturally 
wired that create unconscious bias, and introduce you to strategies and tools 
to disrupt bias and demonstrate inclusive behaviors. Session Objectives: 
Gain insight into unconscious bias and the brain. Understand the impact of 
unconscious bias on behavior, communication, and decision making. Learn 
tools and strategies to disrupt unconscious bias and foster inclusive high 
performing work environments.

Promoting Women’s Inclusion and Equity in Ghana’s 
Extractives Sector
B. Kansake1, K. Bansah2 and G. Barnes Sakyi-Addo3; 1Operational 
Excellence and Innovation, SSR Mining Inc., Aurora, CO; 2Environmental, 
Kinross Gold Corporation, Round Mountain, NV and 3Georgette Barnes 
Limited, Accra, Ghana
We used interviews and questionnaires to examine gender inclusion and di-
versity issues in Ghana’s large-scale and small-scale mining sector. Findings 
reveal that despite increased gender inclusion advocacy and campaigns, 
women in large-scale mining continue to face widespread discrimination, 
sexual harassment, and retaliation for reporting harassment incidents at the 
workplace. In small-scale mining, women are mostly relegated to menial 
roles that affect their health and safety. These gender-insensitive problems 
are either consciously or unconsciously committed partly due to sociocultural 
norms and lack of effective leadership. We propose a 4D approach that re-
quires the involvement of the government, labor unions, mining companies, 
and employees to achieve a more inclusive and equitable mining sector.

MONDAY, FEBRUARY 27
AFTERNOON

INDUSTRIAL MINERALS & AGGREGATES: 
DIGITALIZATION AND AUTOMATION IN 
INDUSTRIAL MINERALS
2:00 PM
Chairs: D. Johnson, Stantec, Phoenix, AZ 
H. Patel, University of Nevada Reno, Reno, NV

Introductions

Digital Transformation and Sustainability in Mining
S. Datta; Mining, Rockwell Automation Inc, Milwaukee, WI
It is a privilege to share my thoughts on how digital transformation is driving 
sustainability in the mining sector allowing mining companies perform their 
operations with enhanced responsibility - after all it is a nice world we live 
in, let’s make it last. Having spent majority of my career in the mining in-
dustry, the current era of smart devices, and digital environment has made 
us realize - good data if used correctly, can help with optimizations allowing 
you to perform critical tasks better. A quick example is “Apple smartwatch” 
that allows me to monitor my resting heart rate ultimately motivating me to 
go hard-er at my HIIT sessions at the gym to achieve a better resting heart 
rate. I am able to gather my insights on the subject by monitoring mining 
industry trends and speaking with global miners on a daily basis - I LIVE & 
BREATHE MINING. I am happy to share multiple success stories where digital 
solutions and usage of good data has lead to monitoring carbon emmissions, 
energy utilization, water utilization and waste management, allowing mining 
companies to optimize these key areas leading to sustainable customers and 
ultimately a sustainable community.
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Industrial Use Cases of the Decentralized Data Acquisition 
and Communication System for Underground Operations 
(Decomda)
T. Krichler, H. Mischo and M. Friedemann; Institute for Mining and Civil 
Engineering, TU Bergakademie Freiberg, Freiberg, Germany
Currently, data communication in underground facilities is mostly based on 
fully networked systems by standard IEEE 802. This standard requires major 
investments in infrastructure and maintenance and thus is hardly feasible 
for most underground operations. The newly developed decentralized com-
munication system is designed to solve the issue of data transport by using 
staff or mobile equipment for bidirectional communication. It enables data 
communication even in remote areas of an underground operation without 
any infrastructure. Not only production or safety-related data can be trans-
mitted, but also any value that can be measured with a sensor. This system 
enables the exchange of nearly every data with high rate combined with high 
flexibility and lower costs for all underground facilities. The Decomda de-
centralized communication system has now been successfully tested by the 
first project partners. The presentation therefore gives an insight into the re-
alized projects and how Decomda was able to support the companies cost- 
effectively in data transmission.

Particle Size Distribution Detection via Image Analysis
D. Kemper, E. Fimbinger and H. Flachberger; Chair of Mineral Processing, 
Montanuniversitat Leoben, Leoben, Steiermark, Austria
Performing real-time analyses of particle size distribution (PSD) in form of 
bulk solids is becoming increasingly important in the raw materials indus-
try. In this context, image recognition and image processing in combination 
with trend analysis holds great potential. In recent years image analysis 
has mostly been realised two-dimensional e.g., by using a watershed al-
gorithm. A method introducing an extension towards depth consideration 
is presented in this paper, which describes the inclusion of specific back-
ground data, which allows the transformation of data gathered from an im-
age into depth-considering bulk material information. A correction method 
is proposed to achieve the grading curves of analysed bulk material. This 
introduced method is based on taking the not detected area of an image 
and contributing it to the grading curve as the fine fraction, therefore ulti-
mately correcting the total quantity of the detected area correspondingly. 
Bulk-material-processing applications will be able to use this method, such 
as in combination with ongoing image analysis for process control purposes 
further to achieve a desired PSD in impact crushers.

Leaders of Digital and Automation of Industrial Minerals – 
Panel Discussion
D. Johnson; Stantec, Phoenix, AZ
Digitalization is the foundation for automation, electrification, robotics, re-
mote operations, and machine intelligence. Achieving success with these 
initiatives is key to delivering on mining’s net zero commitments as well as 
on competitive strategies and KPI’s. Leaders in this space will discuss their 
views and answer questions about the state of the industry, future trends, 
opportunities, challenges, and how the interdependence of these technolo-
gies with productivity and decarbonization will impact mining at this critical 
inflection point for the industry. Moderator: Debra Johnson – Stantec, Senior 
Strategist - Net Zero and Sustainable Mining, Minerals and Metals

MONDAY, FEBRUARY 27
AFTERNOON

INDUSTRIAL MINERALS & AGGREGATES: 
PERMITTING WITHIN THE INDUSTRIAL MINERALS 
AND AGGREGATES INDUSTRY
2:00 PM
Chairs: D. Bieber, Martin Marietta, Lakewood, CO 
S. Stokowski, Stone Products Consultants, Lawrenceville, GA

Introductions

Not Your Daddy’s/Momma’s Permitting
D. Bieber; Land & Environmental, Martin Marietta - West Division, 
Lakewood, CO
Traditionally, most mining permits were submitted quietly in the hope that a 
project would fly under the radar. Even permits that were submitted publicly 
focused on technical concerns without addressing social issues. However, 
those strategies not only no longer work, but can make getting a permit 
more difficult. In this age of internet searches, social media, and instant 
communication, a failure to engage with concerned interest groups will be 
viewed as trying to hide something. Even the most technically sound mine or 
reclamation plans can fail if they do not address local concerns. Successful 
permitting requires a sound and detailed technical approach developed in 
collaboration with potentially affected parties, coupled with a proactive and 
on-going program of stakeholder engagement. Corporations need to develop 
an overall business culture that acknowledges the need to individually tailor 
operations to their location and addresses the concerns of local communi-
ties, coupled with open, regular, and two-way communication with stake-
holders. That culture and its associated history can provide a foundation for 
credibility to back up what a company presents for permitting new projects.

The Latest Complication to Wetland Permitting
J. Renner; The Chemours Company, Wilmington, DE
The Army Corps of Engineers Commanding General’s June 2022 Mem-
orandum “Approved Jurisdictional Determinations for the Rosemont 
and Twin Pines Parcels” throws a novel kink into defining Clean Wa-
ter Act jurisdiction. The memo states that Twin Pines, a company pro-
posing to mine mineral sands in southeast Georgia, cannot rely on the 
Corps’ Approved Jurisdictional Determinations of 556 acres of isolat-
ed wetlands not subject to Section 404 permitting. The Corps withdrew 
their Determinations because they failed to engage in government- 
to-government consultation requested by the Muscogee Creek Nation. Such 
consultation, common for a permit application, has not previously been un-
dertaken for Jurisdictional Determinations.

Minimizing Impacts to the Prevailing Hydrologic Balance
M. Cunningham; Colorado Department of Natural Resources, Denver, CO
The Hard Rock, Metal and Designated Mining Operation Rules and Regu-
lations were revised in 2022 to incorporate the requirements of House Bill 
19-1113. The regulatory changes were enacted to ensure that mining oper-
ations do not create situations that require indefinite or perpetual water treat-
ment. While water treatment is allowed to occur at newly permitted mines, 
applications for new mining operations must demonstrate a reasonably fore-
seeable end date for such water treatment. These regulatory requirements 
present a new set of challenges for mine operators in making technical 
demonstrations to comply with the law. Permitting new metal mines will re-
quire an additional investment in time and capital before the permitting pro-
cess begins and for the life of the mine. Robust geochemical and hydrologic 
characterization must be considered prior to initiating the permitting process 
and to establish baselines for future reference. New challenges also present 
new opportunities for mine operators to continue to showcase technological 
innovations and advancements in the mining industry, while ensuring that 
water resources are protected for future generations.
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The Mining Permit Process: Successful Outreach and  
Communications Before, During and After
C. Watson; Catalyst Public Affairs, Greenwood Village, CO
This presentation focuses on the community and public policy challenges 
faced by organizations in the permitting, construction and operation of min-
ing and infrastructure projects. Catalyst Public Affairs is a full-service public 
affairs firm with the unique ability to combine strategic message delivery 
tactics with the identification, engagement, and mobilization of a compre-
hensive network of messengers to ensure delivery of results in public educa-
tion campaigns. Adapting to the new information reality requires a strategic 
engagement plan than focuses on education and advocacy to a range of 
stakeholders including elected officials, policy makers, activists, neighbors 
and employees. Catalyst has amassed a great deal of experience in this 
arena and will share case studies, best practices and innovative tactics for 
reaching audiences, communicating facts and detouring public challenges. 
The presentation will also emphasize the need for ongoing communitcation 
efforts through the constriction and operations phase of the project.

MONDAY, FEBRUARY 27
AFTERNOON

MINING & EXPLORATION: GEOSCIENCES: 
STRATEGIES FOR SURFACE GEOTECHNICAL RISK 
MITIGATION
2:00 PM
Chairs: J. Monsalve, Virginia Polytechnic Institute and State  
University, Blacksburg, VA 
E. Rose, Barr Engineering Co, Salt Lake City, UT

Introductions

Simplified Estimation of Accidental Blast Induced TSF 
Embankment Stability
K. Magner; Mining Design and Technical Services, NewFields Companies 
LLC, Atlanta, GA
Ground vibrations due to blasting are generally influenced by four parame-
ters: total weight of explosives detonated per delay, distance to the explosive 
source, explosive confinement, and shallow surface geology. These same 
parameters are generally applicable to vibrational effects resulting from ac-
cidental surface detonations. The goal of this evaluation is to determine the 
maximum peak ground acceleration (PGA) at a TSF dam developed from the 
accidental detonation of an adjacent AN storage facility. This PGA was used 
to evaluate slope stability and potential TSF embankment dam deformations. 
The estimation of ground vibrations produced by a surface blast can be ac-
complished by utilizing a general model of site/blast conditions combined 
with the industry accepted empirical models. Although the AN facility and 
the TSF dam are founded on native soils, the majority of ground vibration will 
propagate through the tailings. A generalized model was developed with the 
tailings materials controlling vibration wave propagation. The methodology 
of this evaluation is to determine the Scaled Distance from the blast source, 
determine the Peak Particle Velocity (PPV) and then determine the PGA.

Geotechnical Considerations for Development on Waste 
Rock Deposits
G. Peltack, N. Rocco and M. Rust; NewFields, Lone Tree, CO
Typical surface mines generate a significant quantity of waste rock deposited 
in expansive storage facilities. As owners attempt to reduce their spatial extent 
while maintaining steady production new structures are being developed on 
waste deposits. In general, the ability to provide a solid foundation for a struc-
ture built on waste rock is less a matter of allowable stress and more of a func-
tion of performance. The primary concern is controlling total and differential 
settlement over the lifecycle of the structure and the means and methods used 
to predict that performance during the design stage. However, the foundation 
performance is often quite unpredictable, due to the heterogeneity and lack of 
depositional control. This paper focuses on investigational, design, and con-
struction aspects to minimize the long-term risk associated with unacceptable 
settlement below structures built over waste rock deposits.

Phoenix Tall Dump Implementation
J. Dowding; Nevada Gold Mines, Reno, NV
In 2019, the Phoenix mine proposed a change to the Plan of Operations for 
maximizing waste rock facility capacity without increasing the overall foot-
print. This change increased the maximum end-dumped slope height from 
200 feet to 850 feet by the end of construction. The operational hurdles 
included learning new dumping techniques, optimizing crest management 
practices, managing varying material types, and establishing effective moni-
toring practices and systems. Gaining Mine Leadership and Operator buy-in 
was critical for successful implementation. The Phoenix team achieved suc-
cess through constructive teamwork, training and education.

Comparison of Doppler Radar to Thermal Imaging for 
Rockfall Detection
R. Prescott1, E. Wellman1, B. Ross1, J. Potter1, C. Williams2, J. Davidson3 
and R. Nielsen4; 1Geotechnical Center of Excellence, The University of 
Arizona Lowell Institute for Mineral Resources, Tucson, AZ; 2Kennecott Utah 
Copper LLC, Magna, UT; 3IDS GeoRadar, Golden, CO and 4Teck Resources 
Limited, Vancouver, BC, Canada
This paper presents the results of trials run to compare thermal imaging with 
Doppler radar technology for rockfall detection. As part of this study, both 
systems monitored natural and mining-induced rockfall events. Controlled 
rockfall drop tests were also conducted, in which blocks of known dimen-
sions were rolled down overspill slopes. Based on the data collected, both 
technologies are effective in identifying rockfall. The Doppler systems tested 
have automatic detection capabilities already in place, whereas the thermal 
imaging system allowed for better visualization. The results of the compari-
son as well as recommended usage is discussed.

Safford Instabilities: Challenges and Adaptations
T. Thompson and N. Wooley; Freeport-McMoRan Inc, Phoenix, AZ
The Freeport-McMoRan Safford Operation is an open-pit mine complex with 
three distinct pits. Mining ceased in the oldest pit in February 2017. While 
the rock in this site is relatively competent, the geological structures pres-
ent the most difficult geotechnical challenges of the three pits. The north 
side of this pit is known for having the most instabilities. In 2021, heavier 
than normal precipitation led to an increase in movement in the east wall. 
In October 2021, after heavy rain events, the pit had its first rock fall event 
below the East LVA Road. The instability area, now referred to as Thompson 
Tumble, has experienced three such events in total to date. The objective of 
this presentation is to show how the methods used to predict movement on 
the instability have kept people and equipment safe during each of the rock 
fall events.

Geomechanical Model Validation and Interpretation at 
Newmont Cripple Creek and Victor Mine
M. Boatemaa; Geotech and Hydrology, Newmont Corporation, 
Greenwood Village, CO
In modern mining practice, geomechanical models has become an important 
tool for mine optimization from the mine design stage through the operation-
al stage. The block model built for Newmont Cripple Creek, is intended for 
better integration of geotech information at mine planning stage resulting in 
optimized mine design, support geotechnical analysis, developing relevant 
geotech domains and guide drill and blast processes. The geomechanical 
model includes predicted values for Rock Quality Designation (RQD), Joint 
Roughness (JR), Joint Alteration (JA), Fracture Frequency (FF), Joint Number 
(JN), and Q’ (QPRIM). These model items were interpolated using ordinary 
kriging and QPRIM was calculated from the estimated parameters. The ob-
jective of this research is to check the interpolation validity in the block mod-
el, compared with the actual geomechanical data obtained per intervals in 
core holes and integrate mapping data, MWD (Measurement while drilling) 
data and blasting damage to accurately predict ground condition and define 
key geotech performance drivers for the site.
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Slope Design Compliance with Degradation Analysis using 
Drone Photogrammetry
A. Soni and A. Wamweya; Mine Tech - Geomechanics,  
Freeport-McMoRan Bagdad, Bagdad, AZ
Monitoring compliance of slopes to established design parameters is nec-
essary for ensuring stable benches in an open pit mine. These parame-
ters, including bench face angle and catch bench width, are pre-planned 
for different rock types, keeping in mind the safety of mine personnel as 
well as optimizing ore production. This research uses Maptek’s Inter-Ramp 
Compliance tool to replace a traditional slope auditing method for analyz-
ing the compliance of pit benches. Drone photogrammetry is employed to 
obtain point clouds for ease of data collection compared to the traditional 
scanning method using mounted LiDAR scanners. The study also assesses 
and compares bench compliance before and after a usual slope weathering 
with time. This is useful for timing the conformance check process during the 
life of a pushback in terms of overall reliability and defining tolerances with 
time. The results are useful in streamlining the process of slope compliance 
analysis and associating bench degradation to improve future excavation 
practices and optimize design parameters.

MONDAY, FEBRUARY 27
AFTERNOON

MINING & EXPLORATION: GEOSCIENCES: 
STRATEGIES FOR UNDERGROUND 
GEOTECHNICAL RISK MITIGATION
2:00 PM
Chairs: S. Cicek, Nevada Gold Mines, Morgantown, WV 
Z. Scopa, Cargill Inc, Ithaca, NY

Introductions

Geotechnical Characterization (Part 1): Data Collection 
Guidelines Unique to Operating Mines
A. Perry and L. Moreau-Verlaan; RockEng Inc., Sudbury, ON, Canada
Underground mining projects generally follow standardized geotechnical 
data collection requirements, defining both the type and quantity of data 
collection appropriate for the various stages of project advance. Upon tran-
sition from the project evaluation stage to mine operation, geotechnical 
data collection programs often become less structured and resourced. This 
is problematic, whereby ongoing data collection is critical to: 1) improved 
understanding of site geotechnical conditions; 2) verification of design con-
clusions achieved during project feasibility studies, and; 3) optimization for 
life of mine designs. Some mine operators have internal guidance on ap-
propriate levels of data collection throughout the life of mine, however there 
are no established industry standards to guide ground control practitioners 
and mine management. This work proposes to define appropriate levels of 
geotechnical data collection throughout the life of an underground mine, in-
cluding guidance for management towards appropriate levels of resources 
assigned to data collection, with the goal of achieving maximum value from 
the data collection efforts.

Geotechnical Characterization (Part 2): Data Collection For 
Design Evaluation
L. Moreau-Verlaan and A. Perry; RockEng Inc., Sudbury, ON, Canada
Geotechnical data collection is typically geared towards establishing input 
parameters essential in defining effective and stable mine designs. Inherent 
to data availability at the project evaluation stage, data collection is limited 
to the in-situ environment, often in the absence of any measurable effect for 
induced conditions. Critical to safe mine design however, is the understand-
ing of rock mass response to induced conditions. Operating mines have 
dynamically changing conditions, opportune for characterizing rock mass 
response to induced conditions. Most importantly, the collection of data rel-
evant to understanding rock mass response is a key element in the iterative 
design process; integrating operations-based geotechnical data with design 
reconciliation to validate, adjust or improve feasibility level mine design. Ben-
efiting from the unique operating environment, atypical geotechnical data 

collection opportunities are presented. The authors will describe those geo-
technical data collection parameters distinctly available to operating mines, 
and demonstrate the opportunity (and value) in utilizing those parameters to 
improve dynamically-changing mine designs.

Practical Method for Field Stress Measurement Based on 
Rock Core Deformation
Y. Li and H. Mitri; Mining and Materials Engineering, McGill University, 
Montreal, QC, Canada
Mining-induced stresses around drifts and stopes in underground mines are 
quite different from pre-mining stresses. This is due to excavations created 
by mining activities and the presence of nearby geological structures. This 
study presents a methodology for the estimation of mining front stresses 
and their orientation based on deformations of core rocks extracted from the 
mining face. A new analytical formulation has been developed to calculate 
the magnitude and orientation of principal stresses based on core deforma-
tions. This presentation will focus on the practical application of using the 
developed method in underground mining.

Hydraulically Induced Abnormal Closure Mitigation in 
Bedded Salt Mines
M. Dupee1 and A. Greenblatt2; 1Alpha Geoscience, Clifton Park, NY and 
2Drilling Services, REI Drilling, Salt Lake City, UT
Hydraullically-driven abnormal closure is a major concern for mine stabil-
ity and safety where small Yielding Pillars Designs are used when mining 
bedded salt deposits. The small yielding pillars rely on abutment pillars to 
take the load by creating a stress arch over the yielding pillars in the pan-
el. The small yielding panels shorten beneath the stress arch and create a 
destressed zone below the stress arch. This low stress zone reduces the po-
tential for floor heave and roof falls; however, closure rates in excess of 100 
inches/year have been observed when fluid migrates into the destressed 
zone and hydraulically jacks the roof down. This condition can lead to cata-
strophic roof beam failure and result in costly mitigation efforts or possibly 
even mine flooding and abandonment. Understanding the mine closure sig-
nature related to hydraulically induced abnormal closure is critical in de-
veloping an investigation and mitigation plan. This presentation provides an 
overview of multiple salt mines that have experienced hydraulically induced 
abnormal closure and successful investigation and mitigation techniques, 
including directional drilling and installation of pressure relief wells.

Integrated Underground Geotechnical Monitoring and 
Analysis using Mobile Laser Scanning Data and Enhanced 
Voxels
L. Fahle1, A. Petruska2, G. Walton1, E. Holley1 and J. Brune1; 1Mining 
Engineering, Colorado School of Mines, Golden, CO and 2Mechanical 
Engineering, Colorado School of Mines, Golden, CO
Multi-epoch Mobile Laser Scanning Systems (MLS) can enable frequent, 
mine-wide underground geotechnical monitoring. Geotechnical data, e.g. 
geological structures and rock mass quality, are ideal meta-data candidates 
to contextualize changes detected in MLS data. Current data processing 
methods are not optimally suited for integrated analysis of high-volume, 
low-precision MLS and heterogeneous, uncertain geotechnical data. Ex-
panding on our MLS-data-based geotechnical change detection framework, 
we introduce meta-data-enhanced voxels. We use field data to demonstrate 
how enhanced voxels improve change detection and geotechnical analysis. 
Opportunities for integrating other data and future applications of our frame-
work are discussed.
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MONDAY, FEBRUARY 27
AFTERNOON

MINING & EXPLORATION: GEOSCIENCES: USING 
GEOMETALLURGY TO YOUR ADVANTAGE
Introductions

Use of X- Ray Diffraction in Production Geometallurgy
M. Sorensen; Rio Tinto, South Jordan, UT
The Mineralogy Department at Rio Tinto Kennecott has been using X- Ray 
Diffraction (XRD) to work with concentrator data and attempt to dispel min-
eralogical information in a short time frame. The process looks at day and 
night composites of cleaner and rougher circuit, as well as tails and feed to 
determine changes in the mineralogy at the plant. Once the report is gen-
erated, we are able to look at changes to optimize the plant, or potentially 
discuss strategic stockpiles. The downstream assets are also able to assess 
deleterious minerals that are coming their way. Another use for the XRD is 
looking at blastholes to create heat maps of the pit. Here we are validating 
model data and identifying issues for the concentrator to be proactive with. 
This data is proving to not only be useful for the geologists, but also the 
metallurgists, increasing the communication between the two.

Predictive Mineralogy in Waste Rock Management and 
Waste as a Resource
K. Pfaff1, B. Goolsby2, C. Ostrander2, P. Woo2, N. Kelly3, J. Knapp3, 
T. Monecke1 and A. Noble4; 1Center for Advanced Subsurface Earth 
Resource Models (CASERM), Department of Geology and Geological 
Engineering, Colorado School of Mines, Golden, CO; 2Hitachi High-Tech 
Canada, Inc, Toronto, ON, Canada; 3Bruker Nano Analytics, Madison, WI 
and 4Center for Advanced Subsurface Earth Resource Models (CASERM), 
Department of Mining and Minerals Engineering, Virginia Polytechnic 
Institute and State University, Blacksburg, VA
Proactive mine waste management significantly reduces operation costs and 
helps minimizing the environmental impacts and risks of mining. Automated 
mineralogy (quantitative scanning electron microscopy) has been extensively 
used to design and evaluate mineral extraction processes. However, quan-
titative scanning electron microscopy can also provide crucial mineralogical 
and textural data that can inform statistical and thermodynamic models that 
help predict environmental concerns such as acid mine drainage as well 
as the potential for continued mineral extraction from waste rock or tailings 
piles. In particular, mineral precipitates formed from waste waters might be 
a significant future source of minerals and metals.

Panel Discussion: Using Geometallurgy to Your Advantage
D. Palo; Barr Engineering, Murrieta, CA
The panel will offer their thoughts on geometallurgy and draw from the two 
papers just presented. The panel consisting of experts from across the in-
dustry will offer different viewpoints about best ways to promote the integra-
tion of geology and mineralogy into extractive processing and environmental 
engineering. Geometallurgy can be practiced as a discipline or a link. Either 
way, it can be used to address key mining sustainability issues by enhanc-
ing communication and collaboration among geologists, mineral processors, 
and environmental engineers. Come listen to the panel, following up on last 
year’s successful sessions, and participate in the ongoing discussion.

MONDAY, FEBRUARY 27
AFTERNOON

MINING & EXPLORATION: INNOVATION & 
TECHNOLOGY: APPLICATIONS OF DATA SCIENCE 
& MACHINE LEARNING IN MINING I
2:00 PM
Chairs: S. Tafazoli, Motion Metrics International Corp, Vancouver, 
BC, Canada 
E. Tarshizi, University of San Diego, San Diego, CA

Introductions

Machine Learning Applications in the Mining Industry – 
Are We Doing it Right?
N. Risso and A. Anani; Mining and Geological Engineering, University of 
Arizona, Tucson, AZ
Machine learning (ML) has been used for blast effects, slope and pillar stabil-
ity, mineral processing, equipment selection, mine fire and gas, and produc-
tion prediction, among many others. However, several limitations still exist in 
ML applications in the mining industry. We provide a review of current work 
focusing on lessons learned and practical ML aspects, including data (col-
lection, size, quality, and organization), feature engineering, model selection 
(regression, classification, and clustering), algorithm tuning, validation and 
testing, and ethics. We then present a strategic framework for developing 
ML models for the mining industry and pitfalls to avoid in developing valid 
and applicable models.

The Application of Machine Learning for Prediction, 
Simulation and Optimization Across the Mine Value Chain
P. Stewart and Z. Pokrajcic; Head Office Brisbane, Petra Data Science Pty 
Ltd, Brisbane, QLD, Australia
This paper demonstrates the application of machine learning for prediction, 
simulation and optimisation across the mine value chain. Six case studies 
demonstrate how data fusion ore tracking and machine learning are used to 
a) add new prediction variables to the block model and b) simulates the ef-
fect of the mine schedule and c) optimise blasts designs to increase produc-
tivity and energy efficiency as well as enabling dynamic processing plant set 
point optimisation. Data fusion ore tracking converts spatial geological data 
into a time series geological data set suitable for machine learning modelling 
of processes such as load and haul, crushing, milling, and flotation. The 
process of increasing orebody knowledge use data fusion ore tracking and 
machine learning is referred to as ‘orebody learning’. Orebody types included 
in the case studies include epithermal gold-silver, porphyry copper, porphyry 
copper-gold, magnetite, and haematite orebodies. The specific types of ma-
chine learning models implemented for each case study are presented, as 
well as the methods used to test and validate the models.

Machine Learning, AI, Digital Twins are Often More Hype 
Than Reality
E. Winsborrow; Wenco International Mining Systems, Richmond, BC, Canada
Maintenance teams are challenged with delivering Predictive Mainte-
nance programs due to the lack of skilled AI analysts with OEM machine 
knowledge, overload of data, delayed or malfunctions OEM sensors to 
allow the prediction and prevention of unplanned maintenance, and 
an inability to determine root cause due to all of the above challeng-
es. Hitachi - Wenco International Mining Systems, in collaboration with 
its open ecosystem technology partners, leverage real-time steam-
ing data to accurately predict and prevent unplanned failures in critical 
components for haul trucks and other OEM equipment with customer- 
calculated ROI. Wenco Executive Vice President of Corporate Strategy will 
outline Wenco’s open digital partner approach and highlight the results of its 
partnership with Rithmik Solutions to deliver real life results with confirmed 
time and dollar savings from multiple Canadian mining companies through 
the use of digital twin creation and AI.
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Leveraging 3D Rugged Imaging and Distributed AI to 
Analyze Haul Truck Loads on Their Way to Primary Crushers
S. Tafazoli; Electrical and Computer Engineering, The University of British 
Columbia, Vancouver, BC, Canada
Large manned or autonomous haul trucks are used to take mined material 
from the surface of an open pit mine to primary crushers. In this project, a 
novel approach is presented that employs the combination of rugged 3D 
machine vision and supervised deep learning to automatically analyze the 
load of each haul truck on the haul road. A rugged stereo camera with on-
board processing capability and automatic lens cleaning system is installed 
together with several powerful LED lights on a special purpose gantry looking 
down at the haul road. Supervised deep learning is applied to the acquired 
3D images to automatically determine the presence of haul tucks and to 
analyze their load with no interruption to their journey, in order to: (i) Measure 
the fragmentation of the loaded rocks, (ii) Accurately detect presence of the 
large rocks (boulders) (iii) Sense the 3D profile of the haul truck load and 
indicate any mis-aligned loading, and (iv) Measure the bulk volume of the 
material on the bed of the haul truck. The required computing is distributed 
and performed using a small (credit-card sized) processing unit on board the 
3D smart camera as well as on the cloud.

Using 3D Machine Vision AI System and Edge Computing 
to Optimize the Mine-to-Mill Performance
R. Sahu; Strayos, Saint Louis, MO
The recent advancements in machine vision systems such as 3D camera 
have proven to be a significant advantage in capturing critical real-time and 
processing over-the-edge computing devices that can give meaningful in-
sights in real-time. In this paper we propose a unique setup to capture and 
process data real time using 3D machine vision camera system and applying 
deep learning models to detect the ore size, texture and charateristics using 
continous rock flow video data. The insights are then instantly passed on 
to mill personnel for real time adjustment on mill throughput adjustment, 
blending and mixing etc. which results into significant optimization for overall 
mine to mill value chain

Development of a Machine Learning Tool for the Mining 
Industry
L. Oduro and R. Ganguli; Mining Engineering, The University of Utah College 
of Mines and Earth Sciences, Salt Lake City, UT
Advances in data analytics and machine learning (ML) techniques have seen 
a tremendous uplift in recent years and impacted most complex mining op-
erations regarding safety improvement, operations optimization, and cost 
reduction. However, most mining professionals have not yet adopted these 
techniques due to a lack of coding skills. In this project, an executable desk-
top application was developed to allow users with little or no coding skills to 
perform data analytics and apply machine learning to any structured data. 
The app has an easy-to-use graphical user interface (GUI) and in-built data 
cleaning algorithms enabling users to import structured data, perform data 
cleaning, and store the cleaned data on their computers. Several exploratory 
data analysis (EDA) tools and machine learning algorithms were built into 
the app to enable users to explore trends, get insights from data, and build 
machine learning models for predictive purposes. The desktop application 
was tested on real industrial data, and its ease of use proved that mining per-
sonnel with no coding experience could use it to benefit from data analytics 
without needing to understand or write complex computer codes.

Enhanced Ore Classification Using Machine Learning
P. Rodriguez; AusIMM The Minerals Institute, Carlton South, VIC, Australia
Bingham Canyon has relied on ore type models that provides ore information 
for long and mid-term plans, but lack the resolution and variability of ore 
types in short-term plans. A model that uses blasthole information and ma-
chine learning was developed to provide ore class information in almost real 
time. This presentation shows how the model was developed, the challenges 
found during the project and the outcome and benefits realized by the use 
of the model.

MONDAY, FEBRUARY 27
AFTERNOON

MINING & EXPLORATION: OPERATIONS: 
BROWNFIELD, GREENFIELD AND FUTURE 
EXPANSION / EXPLORATION PROJECTS
2:00 PM
Chair: O. Brown, Freeport-McMoRan Inc

Introductions

Critical Material Production at Energy Fuels
M. Chalmers and P. Keller; Energy Fuels Inc., Lakewood, CO
Energy Fuels represents America’s leading producer of critical materials 
through sustainable production of uranium, vanadium, and advanced rare 
earth element products. In addition to producing these critical materials, the 
production of medical isotopes for use in emerging cancer therapies is being 
evaluated. The company has demonstrated its commitment to environmental 
and social responsibility through the creation of the San Juan County Clean 
Energy Foundation and through its industry leading recycling programs. En-
ergy Fuels is poised to be a leader in reshoring domestic rare earth supply 
chains, while continuing to provide energy materials for a carbon free future.

Missouri Cobalt’s Madison Mine Project – Helping to Fill 
the US Critical Minerals Vacuum
G. Sutton; Madison Mine, Missouri Cobalt, Fredericktown, MO
The Madison Mine Project is a brownfield site in southeastern Missouri. 
Planning and Development of a new Underground Mine, Flotation Mill, and 
Hydrometallurgical facility began in 2021 after 3 years of cleanup of over 
100 years of historic mining activities. This presentation will cover the history 
of the mining area, cleanup activities completed and current progress to-
wards a fully integrated critical metals facility in southeast Missouri.

Cutter Mining – A Sustainable Technology for Mining Small 
Vertical Ore Bodies and Veins
U. Schoepf; Mining Solutions, Bauer Maschinen GmbH, Schrobenhausen, 
Bayern, Germany
Economic and at the same time environmentally acceptable mining of small 
vertical ore bodies and veins to great depths has always been a challenge 
for miners. The Bauer trench cutter system, widely used in civil engineering 
worldwide, has been further developed to the Vertical Cutter Mining System 
(VCM) to provide fit-for-purpose solutions for exploration and mining of min-
eral resources. This selective mining method focuses especially on small 
vertical ore bodies and veins, as well as residual ore in open pit operations. 
The Bauer VCM system minimizes the overall environmental footprint of min-
ing operations and also optimizes the overall project costs. This alternative 
mining method makes it possible to optimize the entire mine infrastructure 
and shorten the time to mining significantly, which allows revenues to be 
generated at a very early stage of a mining project. The VCM system has 
the ability to turn small ore bodies and veins into economic and ecologic 
mining projects.
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A Scenario-Based Assessment of Potential Critical Raw 
Materials Projects Implementing a Newly Developed 
Digital Tool
M. Islam1, G. Barakos2 and H. Mischo1; 1Institute of Mining and Special Civil 
Engineering, Technische Universitat Bergakademie Freiberg, Freiberg, Sachsen, 
Germany and 2Curtin University Western Australia School of Mines Minerals 
Energy and Chemical Engineering - Kalgoorlie Campus, Kalgoorlie, WA, Australia
Several advanced potential critical raw materials (CRM) projects can’t be 
launched for production due to commodity price instability and socio-eco-
nomic and political uncertainty. This study has introduced a newly developed 
digital tool using Fuzzy TOPSIS and Monte Carlo Simulation to provide alter-
native techno-economic scenarios in unfavourable price conditions where a 
potential project could be profitable. The results from ten CRM potential proj-
ects under investigation indicated several possible scenarios where the Net 
Present Value (NPV) could be positive. Furthermore, the proposed schemes 
obtained from the tool would give the experts options for further analysing 
the potential project’s parameters to make it feasible.

State of the Art in the Appraisal Mining Process: 
Avant-Garde Mining Tools and Methodologies for Appraising 
a Mining Company in an Uncertain Environment
S. Santa Cruz and V. Tenorio; Mining and Geological Engineering, University 
of Arizona, Tucson, AZ
In the last 15 years, mining has experienced different changes: price vola-
tility of commodities, introduction of new technologies and external factors 
(sustainability, social problems). For assessing mining projects, traditional 
methods, such as NPV and IRR, are still in use. The present study has three 
objectives: Explore avant-garde assessing methods, consider their poten-
tial advantages, and evaluate levels of risk and uncertainty. A case study 
comparing traditional and new methods is presented to understand how to 
introduce an innovative financial analysis to quantify the value of a project. 
New tools will enable investors to make better decisions under unpredictable 
market conditions.

Optimal Pitwall Profiles to Maximise Steepness in  
Anisotropic Bedded Sedimentary Rock
S. Utili; School of Engineering, Newcastle University Faculty of Science 
Agriculture and Engineering, Newcastle upon Tyne, Newcastle upon Tyne, UK
Profitability and carbon footprint of an open pit mine depend to a large ex-
tent on the Overall Slope Angle (OSA) of its pitwalls. OptimalSlope, a new 
software for the design of slopes and pitwalls, determines geotechnically 
optimal non-linear profiles. Results obtained on four mine case studies in 
isotropic rock masses show optimal profiles can be up to 8 degrees steep-
er than their planar counterparts. OptimalSlope is here employed to deter-
mine optimal profiles for an open pit mine to be excavated in a Cretaceous 
siltstone featured by 8 different joint sets. The recently introduced Cylwik’s 
method was employed to establish direction dependent c and φ equivalent 
parameters from information on joint orientation and persistence for the 
relevant pit cross-sections. OptimalSlope simulations were run for several 
inclinations of the bedding dip for three pitwall orientations (footwall, hanging 
wall, sidewall). Measurements of the increase in OSA achieved by adoption 
of the optimal profiles over their planar counterparts are provided. Stability 
analyses by Rocscience Slide2 were also performed to independently verify 
the FoSs of the calculated optimal profiles.

MONDAY, FEBRUARY 27
AFTERNOON

MINING & EXPLORATION: OPERATIONS: MINE 
PLANNING AND OPTIMIZATION I
2:00 PM
Chair: M. Donkor, Rio Tinto - Boron, Boron, CA

Introductions

Cut-Off Grade Calculations; A Fundamental Tool to Get 
Right Everytime
S. Britton; Society of Mining Engineers, Lone Tree, CO
This paper examines the elements and use of the cut-off grade (COG) calcu-
lation in both greenfield and brownfield projects. Often, this tool is prepared 
and used as a deciding factor as mineral resources/mineral reserves are 
selected for the eventual mine plan. Ensuring the accuracy of the COG cal-
culation is, therefore, very important in the long-term financial success (or 
failure) of any given mining project.v Generally, there is no single standard 
of COG calculation used in evaluating the mineral reserve base and the se-
lection of the costs that are included can vary. This paper discusses the 
most important factors and why they need to be included in the calculation. 
The use of the COG factors will be discussed and examples provided which 
demonstrate the potential for differences when using the calculator.

Probabilistic Analysis for Copper Valuation Through a 
Stochastic and Deterministic Perspective Using Linear 
Programming for the Production Plan of an Open Pit Mine 
in the Peruvian Central Andes
Y. Mamani2 and V. Tenorio1; 1Mining and Geological Engineering, University 
of Arizona, Tucson, AZ and 2Ingeniería de Minas, Universidad Nacional de 
San Agustin de Arequipa, Arequipa, Arequipa, Peru
The analysis of Production Plan through probability scenarios using Linear 
Programming allows the estimation of profitability for copper, as well as the 
reduction of uncertainty during valuation. The resulting outcomes and the 
way they impact in the Production Plan of an Open Pit in the Andes of Peru, 
are presented from a Stochastic and Deterministic perspective, thus sim-
plifying the planning stages in function of the uncertainty of copper prices.

Improving Productivity in Open Pit Mines Through Fleet 
Management Systems
L. Zamalloa and K. Dagdelen; Mining Engineering, Colorado School of 
Mines, Golden, CO
This Paper will discuss how to improve productivity and meet operating goals 
in open pit mines using fleet management systems. The use of AI techniques 
combine with operations research based truck assignment algorithms can 
minimize showel idle times along with truck wait times in an effort to maxi-
mize the productivity of the open pit mining operation. The paper will present 
examples to demonstrate the shortcomings of current systems and present 
suggestions on how to improve them based on research undertaken at CSM.
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Ensure Data Accuracy and Integrity on an Integrated Mine 
Planning Process
S. Kelly; Kennecott Utah Copper LLC, Magna, UT
Today data mining and research are necessary to every business, starting to 
discover valid information and capturing data is challenging from the lakes 
to modeling and precision, how to make the data summarized in a way that 
is understandable to everyone and helps in drawing an inference around 
it based on the patterns being observed. The immense potential to lead to 
accurate data analysis in the mine planning process can provide the min-
ing is reliable in turn. Raw data collection, sampling and testing methods 
must meet required quality standards. Data management should be secure 
and efficient. Definitions, calculations and/or measurement of planning pa-
rameters should be standardised and well understood. Data manipulations 
through the planning process should be transparent, repeatable and audit-
able. Planning parameters and models must adequately represent expected 
reality and in particular recognise where conditions change. Confidence is 
derived from regular independent audits and reconciliations for critical data 
and models.

Application of Underground Mine Planning Optimization 
tools to a Narrow-Vein Mine
A. Ramos1 and A. Brickey2; 1Hecla Mining Co, Coeur d’Alene, ID and 
2Department of Mining Engineering and Management, South Dakota School 
of Mines and Technology, Rapid City, SD
Optimization tools for underground mines have seen significant technolog-
ical advances over the last 15 years. While still relatively new, various mine 
planning software vendors have implemented optimization tools specifically 
for underground mining. For this study, we introduce a process referred to as 
the Stope Pseudoflow-Selection process (SPFS), which combines commer-
cially available mine planning design software tools to optimize underground 
mines. The proposed framework uses mine design results from various soft-
ware platforms to determine the mine design layout. This research presents 
a multi-metal underground mining project that uses long-hole stoping min-
ing methods. The result of the traditional solution is compared to the SPFS 
process solution from an economic and operational feasibility perspective.

Narrow Vein Longhole Stoping Dilution Control and  
Reconciliation
S. Chen; Stantec, Phoenix, AZ
Longhole stoping is the primary method of mining narrow vein deposits when 
the mineralization is economical to cover the operating costs and physically 
consistent inside the stope dimensions because of high efficiency and high 
level of automatic application of this method. One major challenge of using 
longhole mining is the ore dilution control. Ore dilution affects the process-
ing plant metal recovery significantly, increases mining and backfill costs, 
consumes the valuable labor and equipment resources. This paper went 
through the general longhole mining method selection standards, explained 
the major safety hazards working around a longhole stope, covered most 
commonly used method to decide a stope size from rock mechanic point of 
view, illustrated the life span of a longhole stope. More efforts were put on 
dilution control considering rock mechanic properties, explosive energy and 
simulation software and on how to perform model to tailings reconciliation 
procedures to improve stope mining performance.

Combining Short- and Long-Term Production Planning in 
an Industrial Mining Complex Using Reinforcement Learn-
ing and Stochastic Mathematical Programming
Z. Levinson and R. Dimitrakopoulos; Mining and Materials Engineering, 
McGill University, Winnipeg, MB, Canada
An integrative approach for jointly optimizing the short- and long-term pro-
duction schedule of a mining complex under uncertainty is developed. The 
optimization framework addresses the impact of scheduling across times-
cales and maximizes the net present value of the overarching long-term 
schedule while considering operational feasibility at shorter timescales 
and managing risk. The method simultaneously optimizes the extractions 
sequence, destination policy, stockpiling and operational decisions for the 
short- and long-term production schedule using stochastic programming 
and an embedded reinforcement learning agent. An actor-critic reinforce-
ment learning agent learns a neural network policy for short-term sched-

uling during the optimization. The framework is tested and compared with 
a schedule determined by optimizing the short- and long-term schedule 
independently using a large-scale case study at an operating copper mining 
complex that includes preconcentration, stockpiles and several processing 
destinations. The integrative approach ensures long-term schedules are at-
tainable when considering short-term aspects and improves operating cash-
flow by 21% in the first production year.

MONDAY, FEBRUARY 27
AFTERNOON

MPD PLENARY SESSION
2:00 PM

Chair: D. Meadows, Bechtel Mining and Metals Inc., Phoenix, AZ

Review of Major Developments in our Understanding of 
the Chemistry of Flotation since the 1st IMPC in London in 
1952 – Antoine M. Gaudin Award Lecture 
C.T. O’Connor, Centre for Minerals Research, Cape Town, South Africa
Since the 1st International Mineral Processing Congress (IMPC) took place 
in London in 1952 there have been many major developments in our un-
derstanding of flotation both in terms of chemical and physical factors influ-
encing the process. This lecture attempts to highlight those developments 
that have contributed toward extending our understanding of especially the 
effects of chemical factors on flotation. It is well known that the ‘pull’ of 
practice has often preceded the ‘push’ from laboratory-based research and 
that there remains an ongoing need to bridge the gap between fundamental 
research and plant practice through the effective transfer of this knowledge 
into the domain of operations of this complex process.

Award Citation: For outstanding scientific, technical, and outreach contributions 
that have advanced the engineering practice of mineral processing

Award Committee Chair and award presenter: Marc LeVier

A Global and Mining Industry Perspective of the Role of 
Comminution in the 1.5°C Future – Robert H. Richards 
Award Lecture
S. Morrell, SMC Testing Pty Ltd, Queensland, Australia
The commitment of many countries to achieve a so-called 1.5°C future to 
combat global warming has put the mining industry under intense pressure 
to reduce carbon emissions. This has led to most mining companies commit-
ting to significant reductions in their operational carbon footprint – in many 
cases by up to 30–40% in the next 10–15 years – and to place themselves 
in a net-zero scope 3 emissions position by 2050. In many hard-rock mine 
sites, comminution constitutes over 50% of the total energy consumption, 
and there are claims in published papers and the popular press that commi-
nution in the mining industry may consume upwards of 7% of global elec-
tricity use. This lecture explores what is the true contribution of comminution 
to greenhouse-gas emissions and the consequences of improving its energy 
efficiency.

Award Citation: For his long service and numerous contributions to the 
science and practice of comminution and mineral processing

Award Committee Chair and award presenter: Robert Dunne
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Alternatives to Cyanide for Gold Extraction – Milton E. 
Wadsworth Award Lecture
Y. Choi, YaKum Consulting Inc., Toronto, ON, Canada
Cyanide has been used for over 100 years for extracting gold and is still 
used in most gold operations. However, due to increasing social awareness 
and environmental concerns over cyanide gold extraction, the development 
and implementation of alternative hydrometallurgical processes to cyanide 
has been a focus of various research institutions and gold companies. This 
presentation will review some potential alternative hydrometallurgical pro-
cesses to cyanide.

Award Citation: For his dedication and contributions to the development 
and implementation of technologies in the field of extractive metallurgy 
from the idea generation stage through commercialization

Award Committee Chair and award presenter: Christel Bemelmans

MONDAY, FEBRUARY 27
AFTERNOON

SME YOUNG LEADERS: ARTISANAL MINING
2:00 PM
Chairs: C. Navia Vasquez, Colorado School of Mines, Golden, CO 
I. Casasbuenas Cabezas, 04231622, Medellin, Colombia

Introductions

A Program for Supplanting Mercury in Artisanal and 
Small-Scale Gold Mining
C. Burand1 and T. Pomeroy2; 1School of Mining and Mineral Resources, The 
University of Arizona, Tucson, AZ and 2Mercury Free Mining, Corvallis, OR
Artisanal and small-scale gold mining (ASGM) is an unmaximized opportu-
nity for socio-economic prosperity. It describes a heterogeneous sub-sector 
with ~20 million workers in over 80 countries generally characterized by low 
capital expenditure, mechanization, and informality. Despite a half century 
of targeted efforts multiple negative impacts remain. Of high significance is 
the use of mercury. Mercury is a potent neurotoxin which is often used to 
concentrate gold and ASGM is the leading anthropogenic source of mercury 
pollution. This project is testing if ASGM actors are rational agents without 
particular adherence to mercury, if processing KPI’s can be analyzed remote-
ly with sampling, and if increased consumer demand can fuel said technical 
research. This is being completed by developing a system, now in a pilot, 
investigating how mercury-free processes vary in effectiveness with ore 
character. It is in pilot with two ASGM cooperatives in Puno Peru. To date, the 
results indicate these miners are rational agents and said miners are seeking 
information which they can use to trust mercury-free gold concentrators. 
Next steps include scaling the system to additional mines.

Assessing The Main Challenges of Artisanal and Small-
scale Mining Operations in Africa – A Simple Overview
Y. Yewuhalashet; Department of Geosciences, Geotechnology and Materials 
Engineering for Resources, Akita Daigaku Daigakuin Kogaku Shigengaku 
Kenkyuka Kogaku Shigen Gakubu, Akita, Akita, Japan
At least 8 million artisanal miners are found in Africa who participate both in 
Artisanal and small-scale mining. Artisanal mining is one of the pillars for the 
economic building of both regional and national by producing more revenue 
and creating different job opportunities. Different minerals are exploited by 
the system of artisanal and small-scale mining in Africa such as Diamond, 
Gold, copper, and different industrial minerals also. This article tries to assess 
the main challenges of artisanal and small-scale mining in Africa, Like Lack 
of Effective Technical Capacity and Access to Technology, Inadequate effec-
tive exploration, shortage of funds, low policy framework, and low access 
to market, and conflict of minerals. To solve those challenges every African 
country should follow a straightforward policy and the basic system of Af-
rican Mining Vision (AMV) to change artisanal and small-scale mining into 
more economically viable in Africa

Coexistence Between Large-Scale Mining (LSM) and Artisanal 
and Small-Scale Mining (ASM) in Perú and Colombia
O. Rodriguez Novoa and E. Holley; Geology and Geological Engineering, 
Colorado School of Mines, Golden, CO
Artisanal and small-scale mining (ASM) is common in the developing world, 
generating a significant share of production for commodities such as gold. 
Both sectors are expanding, the likelihood that these expansions will result 
in further points of contact between the two sectors is high. In this scenario, 
ASM-LSM coexistence is key and should be seen as the capacity to build 
synergies and operate together. Our aim is to identify key characteristics that 
are indicative of successful coexistence. We built a database of sites in Co-
lombia and Peru where ASM and LSM both occur, documenting the technical 
and the social characteristics. We observed that coexistence occurs covering 
all the stages of the mining cycle and cover a wide variety of gold deposit 
types. Differences in the mining laws between Colombia and Perú result 
in contrasting approaches to ASM formalization, leading to variation in the 
observed coexistence scenarios. We conclude that governments have taken 
significant efforts to create tools for LSM companies to reach agreements 
with ASM miners. However, governments have failed to give ASM miners 
who do not belong to an ethnic minority the tools to defend their livelihoods.

Artesanal Mining, Tutunendo-Chocó
S. Navia Vásquez; mining department, New Mexico Institute of Mining and 
Technology, Socorro, NM
Tutunendo, Choco is a population dedicated to alluvial mining in Colombia, 
the Tutunendo River is the source of support for a large part of this popu-
lation, which has been developing artisanal mining for a long time, to the 
point that it is a trade that passes from generation, “Mentes Soñadoras” is a 
project which seeks that young people belonging to this population, children 
of miners, have the opportunity to be educated in public universities, to im-
prove the mining techniques carried out on the cause of the river of artisanal 
way and at the same time can preserve the ecosystem from which all its 
inhabitants survive.

The Solution for Mining Formalization
G. Lalupu; Mining Engineering Universidad Nacional de Piura, Piura, Peru
The informality of artisanal mining is a global problem that has serious en-
vironmental consequences and millionaire tax losses. In Peru, more than 
90% of mining operations are artisanal, where the vast majority have been 
informal for more than 20 years, mainly due to the lack of supervision in the 
artisanal mining areas, for this reason the Minka Minera social enterprise 
was created, which executes service-learning programs where university 
students learn to develop projects in the artisanal mining communities in or-
der to constantly supervise the adequate development of mining exploitation 
and support the sustainability of mining formalization.

The Importance of Creating a Knowledge-Based Economy 
in Emerging Countries in Mining
S. Kelly; Kennecott Utah Copper LLC, Magna, UT
Mining role in the economy The mining industry is a very important force 
in the global economy, occupying a primary position in the supply chain re-
sources. Despite this fact, its role varies and greatly differs at national level 
from an economy to another, and it is not properly documented and some-
times even incomprehensible. Developping the local content in emerging 
countries will benefit the population and help next geeration of leaders to 
develop their potential and also the comapnies will have access to skilled 
individuals in most of this countries with an abundance of mining ressources 
but a lack of human ressources to extract the materials.
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The Recovery of Gold by Amalgamation Process in Guim-
baletes Developed in Artisanal and Informal Mining in Peru
M. Jorges; Lima, Universidad Nacional Mayor de San Marcos, Universidad 
Nacional Mayor de San Marcos, Lima, PE, academic, Lima, Peru
Artisanal and informal gold mining in Peru causes environmental pollution 
problems. El Quimbaleteo, where mercury is added manually, to obtain the 
amalgam. That is why the study of the investigation of the innovative process 
means improving the conventional amalgamation process. Determine an in-
novative process for pre-concentration and cyanidation of pre-concentration 
tailings, to improve gold recovery.

Informing Sustainable Artisanal Gold Mining Using a  
Geological and Geometallurgical Assessment of Quartz-
Gold Veins in the Department of Arequipa, Coastal Peru
J. Crespo1, E. Holley1, K. Pfaff2, J. Thompson2, R. Huamani3, M. Guillen3 

and I. Simon2; 1Mining Engineering, Colorado School of Mines, Golden, 
CO; 2Department of Geology and Geological Engineering, Colorado School 
of Mines, Colorado School of Mines, Golden, CO and 3Department of 
Geology and Geophysics, Universidad Nacional de San Agustin de Arequipa, 
Arequipa, Arequipa, Peru
The global increase in artisanal and small-scale gold mining (ASM) has 
brought a concomitant increase in mercury contamination due to the com-
mon usage of mercury in gold recovery. The Department of Arequipa ranks 
third in Peruvian gold production due to an abundance of small quartz-sul-
fide veins throughout the Nazca-Ocoña metallogenic belt. Our petrographic 
observations show that native gold, electrum and gold tellurides are the most 
abundant Au-bearing minerals in the belt, with veins containing up to 136 g/t 
Au. Artisanal miners preferentially use whole-ore amalgamation by adding 
mercury to recover coarse gold. An efficient alternate approach is the utili-
zation of gravity concentration to reduce the volume of Hg required during 
coarse gold processing, whereas cyanide leach could be used to recover 
fine and refractory gold. Concentration by flotation methods can recover ad-
ditional commodities such as copper minerals. We verified that a substantial 
amount of gold encapsulated in pyrite (2.9 to 6.3 ppm) is lost to the tailings 
during ASM. The presence of carbonates and phyllosilicates in tailings is 
beneficial since it reduces the environmental impact of acid mine drainage.

MONDAY, FEBRUARY 27
AFTERNOON

TAILINGS: IMPLEMENTATIONS OF TAILINGS 
GOVERNANCE FRAMEWORKS
2:00 PM
Chairs: D. Korri, Cleveland Cliffs 
R. Parratt, Renaissance Exploration Inc

Cruise Ships, Ferries, and Tailings Dam Safety – Are We 
Learning and are We Ready?
C. Priscu1, J. Pimenta de Avila2 and N. Gray3; 1Priscu and Associates 
Consulting Engineers Inc., West Vancouver, BC, Canada; 2Pimenta de Avila 
Consultoria, Nova Lima, MG, Brazil and 3The Keil Centre - Australian Office, 
Brisbane, QLD, Australia
Effective and safe management of tailings storage facilities (TSFs) is a key 
topic of discussion in the mining industry today. In this paper, a parallel is 
drawn to some real-life case studies of catastrophic failures from the mari-
time industry and its own unfortunate events, and what we – in the mining 
industry - could learn from. The parallel discusses causation from both a 
technical and a human performance perspective. The paper also presents 
how ill-defined, uninformed, decision-making processes resulted in such 
tragedies or impacted the outcomes and consequences of unwanted events 
the maritime industry has seen in the last couple of decades. A discussion 
on the recent Global Industry Standard on Tailings Management (GISTM) and 
some select group of its requirements may actually help the mining industry 
avoid similar situations learned from the maritime industry. The authors will 
also discuss the clear need for a genuine corporate safety culture and the 
fact that the mining industry is still human-centric when it comes to dealing 
with mother nature and its elements in the natural resources industry.

TSF Governance Implementation, Owner’s Perspective
C. Winckler; Technical & Sustainability, Anglo American plc, London, 
London, UK
Anglo American, an ICMM member, will implement our internal standard in 
conjunction with GISTM to comply with the targeted dates of August 5, 2023 
for ‘extreme’ and ‘very high’ rated facilities and August 5, 2025 for all other 
tailings facilities. Anglo American’s tailings portfolio expands over five conti-
nents and includes various tailings dam construction methodologies and ore 
types. The implementation of the standards have provided opportunities to 
unify data collection and data analyses, and to work together across busi-
ness units and specialities. This talk will focus on the journey to identify and 
fill the data gaps, implement unified analyses procedures, and assess the 
risk of our TSFs with respect to evaluating the potential brittle failure mode.

Transposing the Notion of Tailings Governance in the  
Reality of Mining Projects
M. Julien; Agnico Eagle Mines Ltd, Toronto, ON, Canada
The reinforcement of tailings governance has been an important change 
mining companies had to go through in the last 5 to 10 years. Companies 
being all different, therefore how it has expressed itself varies significantly 
from one company to another. Some common threads have emerged. The 
realization by mining companies of the importance of the role and respon-
sibilities of the Owner in the performance and non-performance of these 
infrastructures remains a fundamental shift in the industry, and, has forced 
companies to create an environment with a more robust governance on mat-
ters related to tailings management. Still, beyond this realization, it is import-
ant to see how it has been expressed in the reality of mining projects, in the 
context of the specificity and financial means of companies, the limited pool 
of expertise accessible, the ever-increasing expectations of stakeholders 
and partners. This presentation is intended to provide some examples and 
challenges associated with the implementation of a solid tailings governance 
within a mining company.

Driving for Excellence in Tailings Management
C. Dumaresq; Mining Association of Canada, Ottawa, ON, Canada
An ongoing history of failures of tailings facilities demonstrates that respon-
sible tailings management is imperative. The mining industry has made sig-
nificant strides in improving tailings management, but we must do better. 
Implementation of the Global Industry Standard on Tailings Management is 
an important step towards zero harm. However, we must strive for excellence 
in tailings management. Fundamental to excellence is continual improve-
ment, and fundamental to continual improvement is good governance. The 
decisions made by people responsible for tailings management are often, if 
not always, the ultimate cause of failures, and good governance, including 
effective tailings management systems, is essential to better decisions. Tail-
ings management guidance and performance expectations of the Towards 
Sustainable Mining program can help companies to achieve excellence by 
driving continual improvement and good governance.
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MONDAY, FEBRUARY 27
AFTERNOON

UCA OF SME: TUNNELS & SHAFTS
2:00 PM
Chairs: F. Chiappalone, M. Ulizio, T. Szynakiewicz

Introductions

Bridging Gaps Between Mining and Civil Infrastructure 
Design Perspectives to Maximize Project Benefits
M. Theisinger1 and M. Havekost2; 1Engineering, Thyssen Mining, Piedmont, 
SD and 2McMillen Jacobs Associates, Walnut Creek, CA
Overlap between tradition mining and civil infrastructure industries is becom-
ing more common as the two industries continue to recognize efficiencies 
that one industry can provide to the other to deliver projects. This paper 
identifies design and construction project implementation perspectives of 
each industry that if reconciled, could provide project more cost effective 
and streamlined project delivery when the industries overlap to deliver un-
derground projects. The paper describes important mining perspectives that 
should be considered by designers of civil infrastructure and vice versa, 
through several recent project examples.

An Alternative Methodology for Determining Optimal  
Cutting Geometry for Mechanical Rock Excavation
P. Ayawah1 and A. Kaba2; 1Mining, Metal & Minerals, Stantec, Denver, CO 
and 2Geotech, WSP Global Inc, Albuquerque, NM
This paper presents an alternative methodology for determining optimum 
cutting geometry for mechanical rock excavation using disc cutters. The op-
timum spacing-penetration (s-p) ratio of disc cutters is critical for efficient 
rock excavation. The proposed approach presented in this study is based 
on the volumes of overbreaks and underbreaks on the excavated rock. PF-
C3D simulations of rock cutting were conducted and validated by full-scale 
laboratory cutting experiments. The excavated surface profiles were used to 
estimate the overbreaks and underbreaks. Plots of the overbreak and un-
derbreak volumes were used to evaluate the s-p ratio at which there was 
minimal overbreaks and underbreaks. The results showed a distinct opti-
mum s-p ratio, making the proposed methodology a more efficient way to 
determine the optimum s-p ratio when using the specific energy does not 
clearly indicate the optimum s-p ratio. Furthermore, the numerical proce-
dure presented proves to be a useful tool in rock excavation and could save 
laboratory experimental time and expenses, and provide a great means for 
preliminary excavation evaluations.

New Possibilities for Long Distance, Large Diameter Raise 
Boring
B. Grothen; Robbins, Kent, WA
Raise boring machines are a common fixture of underground mining opera-
tions worldwide, but there are limitations to their use. When large (over 3 m) 
diameter raises are required, or where ground instability is present, advance 
rates are not efficient. In addition, there are limited ways to install ground 
support in challenging rock conditions when using a traditional raise boring 
machine. These issues are compounded when a mine wishes to do a long 
raise bore (over 100 m). In this paper, we will look at new technology that is 
pushing the boundaries of what is possible for raise boring, including mod-
ular box hole boring machines. These and other machine setups offer the 
possibility to make long distance, large diameter raise boring in challenging 
hard rock an efficient process.

MONDAY, FEBRUARY 27
AFTERNOON

WHAT HAPPENS WHEN MINING IS DONE?

2:00 PM
Chairs: J. Brune, Colorado School of Mines, Golden, CO 
P. Goerke-Mallet, Technische Hochschule Georg Agricola Iniversity, 
Bochum, Germany

Introductions

Post-coal Transition in Germany and the UN Sustainability 
Goals
J. Brune1, P. Goerke-Mallet2 and J. Kretschmann2; 1Colorado School of 
Mines, Golden, CO and 2Technische Hochschule Georg Agricola, Bochum, 
Nordrhein-Westfalen, Germany
Coal production and coal use for electric power generation are diminishing 
worldwide. Germany will phase out lignite mining as well as lignite and hard 
coal-powered electricity generation by 2038. In the United States, coal pro-
duction has dropped by more than 50% since 2006, including in key coal 
production states like West Virginia and Wyoming (EIA 2021). Closing mines 
and power plants across entire mining regions has significant socio-econom-
ic impacts. Existing industries must be focused on the post-mining economy 
by attracting new industries, and implementing job retraining programs for 
displaced workers, as former mining regions transition towards agricultural, 
industrial and recreational use. This paper examines the German “exit from 
coal” under the 17 UN Sustainability Goals and illustrates the complex pro-
cedures, interrelationships, risks, and rewards of the transition towards re-
newable energy sources, including wind, solar, hydrogen, and bio-resources.

Post-Mining: A Holistic Approach
J. Kretschmann and J. Brune; Colorado School of Mines, Golden, CO
The energy policy of the EU relies on the fundamental goal concept of a 
carbon-neutral Europe to counteract climate change. As part of the imple-
mentation of this policy, Germany has plans to stop the use of coal for power 
generation in 2038. This strategy inevitably requires European governments 
to manage the consequences of more than 200 years of coal mining in a 
responsible and sustainable manner. The Research Institute for Post-Mining 
at TH Georg Agricola University (THGA) in Bochum, Germany, has developed 
a holistic approach to meet these challenges of the post-coal-mining era. 
This approach includes four strategic areas of thrust: environmental tech-
nology and hydrogeology to avoid and mitigate risks of groundwater con-
tamination, geomonitoring to protect the surface from subsidence effects, 
industrial heritage engineering to secure and reuse former mine sites, and 
economic transition of the mining regions to provide a viable future for the 
next generation of citizens.

Research Center of Post-Mining at THGA Bochum/Germany
P. Goerke-Mallet and C. Melchers; Research Center of Post-Mining, 
Research Center of Post-Mining Technische Hochschule Georg Agricola 
Univesity Bochum, Bochum, North Rhine Westphalia, Germany
Mining always leaves a mark behind. Dealing with this legacy is not only 
a tremendous challenge in Germany, but internationally too. The Technical 
University Georg Agricola (THGA) in Bochum, Germany, has established 
a Research Center for Post-Mining. Researchers combine expertise from 
a variety of technical and non-technical fields in their quest to shape the 
post-mining era that completes the mine life cycle. In this respect, the Re-
search Center focuses on four research areas: Perpetual tasks and mine 
water management, Geomonitoring, Material sciences and site transition. 
With more than 200 years of successful partnership with the mining industry 
in Germany and abroad, THGA offers a perfect setting for fresh and sound 
ideas in order support mining’s social license to operate. The aim of the 
paper is to describe the Post-Mining Research Center along with exemplary 
research projects that are of interest to the mining industry globally and to 
foster technical communication and research networking.
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Geomonitoring and Data Management across Platforms
M. Pawlik and T. Rudolph; Research Center of Post-Mining, Technische 
Hochschule Georg Agricola, Bochum, North Rhine - Westphalia, Germany
In today’s world, the geodata we can obtain comes from a variety of sources. 
Each of them has different characteristics: spectral, radiometric, spatial or 
temporal. Therefore, an important aspect of working with geodata is to be 
able to fully integrate them. It is possible to understand the causes and phe-
nomena occurring in today’s world. Post-mining processes are an extremely 
challenging task that touches on many environmental aspects: environmen-
tal change, air-/gas- analysis or (mine-)water management in a monitoring 
area. In the research data uses from archival hydrogeological, geological, 
mining and topographic maps, which are supplemented by datasets from 
drones and from satellite images from NASA space missions. Integration and 
fusion of the spatiotemporal resolution of the datasets is required. Mobile 
GIS help to verify the datasets on-site. This makes it possible to collect data 
on the location with accompanying descriptive attributes. Only with the full 
integration in spatial decision support systems (SDSS) it is possible to create 
an wide process understanding the effects of post-mining processes on the 
Earth’s surface.

Modern Methods of Geomonitoring in Post-Mining Processes
T. Rudolph1, M. Pawlik1, P. Goerke-Mallet1 and J. Brune2; 1Research Center 
of Post-Mining, Technische Hochschule Georg Agricola, Bochum, NRW, 
Germany and 2Colorado School of Mines, Golden, CO
Geomonitoring of former mining areas is an eternal task in the post-mining 
period. Challenges include detection of environmental changes and man-
agement of ground and surface water. Modern geomonitoring methods 
use optical, multispectral, hyperspectral and microwave sensors and cover 
a wide range of spatial dimensions and spatio-temporal resolutions from 
satellites to unmanned aerial vehicles (UAVs) and to in-situ sensors. Big data 
integration combined with local site knowledge provides the basis for com-
prehensive modeling of post-mining changes in the environment. This fur-
thers the understanding of the environmental impacts and their causes and 
becomes an integral element of public acceptance. In this paper, we provide 
an overview of various geomonitoring projects in the Ruhr-area, Germany, 
where coal mining ceased in 2018.

Park City and Kennecott – Post-mining Land Use at Two 
Historic Sites in Utah
M. Nelson, A. Richins and D. Symonds; Mining Engineering, The University 
of Utah, Salt Lake City, UT
Mining at two locations in Utah have resulted in vastly different post-mining 
land use. Copper ore was discovered in Bingham Canyon in 1848. Mining of 
placer deposits began in 1863, and high-grade porphyry ore in 1887. Low-
grade porphyry copper was not mined until D.C. Jackling started open-pit 
mining with steam shovels and rail haulage in 1906. The Bingham Canyon 
mine is still operating, at about 200,000 st of ore daily. High-grade silver 
ore was discovered near Park City in 1872. The district produced complex 
ores containing lead, zinc, copper, gold, and silver. Production slowed in the 
early 1950s, and the last mine closed in 1982. Post-mining land use in 
these two sites varies markedly. Bingham Canyon is an active mine, with 
large waste dumps, a mill, a tailings pond, and a smelter. Still, several areas 
are undergoing active redevelopment. Park City is now a high-end ski resort 
town, with million-dollar vacation residences, and its own Lululemon store. It 
also has a legacy of post-mining land use challenges, including deteriorating 
head frames and shafts, malls and houses built on un-reclaimed tailings, and 
more. This paper describes some of the activities of in both areas.

MONDAY, FEBRUARY 27
AFTERNOON

WHAT TO EXPECT WHEN EXPECTING MINE 
FINANCING – PANEL
2:00 PM
Chairs: G. Elson, Orion Resource Partners, Wheat Ridge, CO 
N. Michael, Orion Resource Partners, Littleton, CO

MONDAY, FEBRUARY 27
AFTERNOON

COLORADO MINING ASSOCIATION
2:45 PM
The Outlook for Commodities in the Current Global, 
Geopolitical and Economic Environment
Moderator: Barney Guarnera, Broadlands Mineral Advisory Services Ltd. 
Hear from leading international experts from the precious metal, base metal 
and coal industry discuss their views on the future supply/demand, strengths 
and weaknesses of the mineral industry and global factors that enhance or 
threaten the future for the mineral industry.  

TUESDAY, FEBRUARY 28

BULK MATERIAL HANDLING: CASE STUDIES FOR 
IMPROVED PLANT DESIGN
9:00 AM
Chair: D. Whalen, Forte Dynamics INc

Introductions

Using Flow Test Data to Inform Design
T. Holmes; Jenike & Johanson Inc, Tyngsboro, MA
Since Dr. Jenike’s breakthrough research regarding the flow of solids at the 
University of Utah in the 1950’s, bulk solids handling flow testing has been 
key in understanding how a bulk solid behaves or is going to behave. So how 
can testing be used to guide equipment/plant design and operations? Ques-
tions such as these commonly come up for discussion by the operations 
and engineering/planning groups: Ore continues to plug our transfer chutes 
and surge bins and we have limited ability to change the equipment – can 
we change the material flow properties (e.g. different PSD, adding additives/
anti-freezing agents) enough to return to reliable flow? Our sticky ore with 
high clay content is causing flow issues, but we know our equipment works 
well with our typical ore, how much free-flowing ore do we need to blend 
with the sticky ore to reliably handle the sticky ore through our process? Flow 
testing can provide answers before incurring the cost and time to implement 
changes such as additive or blending operations or modifying equipment. 
Different case studies will be presented to discuss how material flow testing 
can be used to guide plant design and operating parameters.
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Color Sorting AI Focused on Precious Metals
B. Hilscher and L. Chung; EGBC, Surrey, BC, Canada
Particle sorting has proven to be extremely profitable in mine processes, 
upgrading the grade of ore and the overall economics of a mine drastically. 
This is accomplished by the separation of valuable ore from barren material, 
reducing overall comminution and operational expenditures. Modern usage 
of particle sorting in precious metals mining predominantly features XRT, La-
ser, and XRF sensors, but optical sorting has yet to achieve the success it has 
in the field of food and plastic processing due to the physical characteristics 
of the ore. Color sorting has been implemented in limestone, feldspars, and 
talcum. Color sorting lacks the fine-tuning as seen with XRT, Laser, and XRF 
as those sensors have physical and chemical characteristics to exploit but 
provide advantages because of lower associated costs and the ability to han-
dle larger throughputs. This leaves color sorting with immense potential for 
improvement as a more suitable algorithm is found. Precious metals mining 
in the industry has progressively resulted in the mining of lower-grade ore as 
valuable deposits are exhausted. This paper aims to determine the efficacy 
of color sorting AI algorithms on gold sulfide deposits.

Why Bins Plug: The Three Root Causes of Poor Material 
Discharge and Bin Hang-ups
J. Bundalli; Kamengo, Vancouver, BC, Canada
A storage bin suffering from chronic plugging can be a source of frustration. 
Understanding the scientific principles that govern good bin and feeder de-
sign for difficult flowing materials, such as dewatered tailings, ROM fines, 
and ore concentrates, is key to knowing how to resolve troublesome storage 
and feed systems. Starting in the 1980s, Kamengo led a research program 
examining why bins plug. What the researchers discovered surprised them. 
This presentation will review the key findings from Kamengo’s research. In 
particular, it will review the three root causes of bin plugging, which are: 1) 
incorrect bin geometry; 2) compaction of the stored material by the discharge 
feeder; and, 3) uneven withdrawal of material by the discharge feeder. The 
presentation will use three case studies to illustrate how the outcomes of 
Kamengo’s research were applied to solve complex storage and feed sys-
tems. The presentation will look at a storage and feed system handling sticky, 
wet cobalt-hydroxide filter cake, the design of two tall truck load out bins 
handling dewatered tailings, and the hull design of two self-unloading ships, 
which are purpose-built to carry difficult flowing cargoes.

Modeling Charge Motion in an Industrial SAG Mill Using 
DEM and SPH Coupling Simulations
Y. Yang; ME Global, Minneapolis, MN
High fidelity simulation is highly desired by mineral processing industry. Take 
a SAG mill as an example, water is often added to promote the discharge of 
fine particles and suppress the spread of duct, but the roles water plays are 
not well understood in a dry simulation as is widely applied. In this study, we 
include both solid charge (grinding balls and ore particles) and slurry in our 
3D DEM+SPH models in an industrial SAG mill, with DEM for solid charge 
and SPH for slurry. Considering uncertainties on the slurry property, high 
viscous models, low viscous models, and a reference dry model are con-
ducted and compared. The simulation results show similar pattern in particle 
trajectories among different models, but the impact energy is significantly 
different. With dense slurry involved, the specific impact energy received by 
ore are reduced by about a half, in all particle size levels and specific energy 
levels. Since impact energy directly dictates the ore breakage, importance 
of using DEM+SPH coupling simulations is self-evident. The impact on the 
liners, as is influenced by the solid charge level, water feed rate and the 
property of the liners, is also studied and presented.

Sandwich Belt Conveyor Developments
M. dos Santos; 16 -Aero/Astro, Massachusetts Institute of Technology, 
Cambridge, MA
This paper is a compilation of developments over the past several years. 
This will include the following case studies. 1) A hybrid Snake/GPS system 
offering an impressive economic and environmental benefit in cement. 2) 
An Adder Snake system which demonstrates that the concept can serve its 
function of combining a narrower, less expensive, higher modulus belt with 
a wider low modulus belt. 3) The Edge Brush system, which applies a thin 
sheen of water to a belt edge to help contain fugitive material in Sandwich 

Belts. This concept also applies to conventional belts in cold environments, 
as the brush can apply a glycol solution. The paper also presents the recently 
patented high angle trailing conveyor. This system facilitates the installation 
of a Sandwich Belt conveyor following a TBM operating at a steep angle. In 
mining, this could replace low angle slope belts with high angle slopes. The 
paper will also present adpatations made regarding belt capacity philosophy 
with non-standard idler configurations (long center roll, varying troughing 
angles). Case studies will be given for two installations in which long center 
roll idlers were used.

TUESDAY, FEBRUARY 28
MORNING

COAL & ENERGY: ACCESSING CAPITAL IN THE 
EVER-CHANGING ENERGY MARKET
9:00 AM 
Chairs: T. Alch, VIce Chair NY Section of SME and Co Chair of 
SME’s Mining Finance Conference, Edgewater, NJ 
P. Conrad, Montana Tech, Butte, MT

Introductions

Coal – Industry and Financing Trends, Alternatives and 
Possibilities
R. Reeves; KCR Capital, LLC, Lakewood, CO
This presentation will provide an update of the landscape and market for 
raising capital. It will start with a brief overview of competing energy sources 
together with coal, and discuss recent developments in the coal industry 
both nationally and internationally that are relevant for financing at the mine 
and corporate level. The discussion will focus on financing alternatives for 
a mature industry and explore possible alternatives or scenarios that could 
create upside for the industry and facilitate raising capital.

Nuclear Power: The “New” Baseload Green Energy Option
A. Helenberger and R. McCormick; Capstone Partners, Dallas, TX
Uranium spot prices gained 17% during the first half of 2022 making it a top 
commodity performer over the past two years. 441 nuclear power reactors 
(392 GWe) are currently operating in some 30 countries. Add to that 54 
nuclear power plants currently under construction around the world and over 
165 planned through 2040, and you have a recipe for surging U308 prices 
generating increased M&A activity and significant capital requirements in the 
uranium mining sector. Expected nuclear generation capacity will necessitate 
a 60% growth in uranium production to 300 million pounds annually. High-
er uranium prices are ahead due to demand outstripping supply, inventory 
shrinkage, deposit depletion, and continued high grading. Utility long term 
contracting will be the main catalyst to drive uranium prices higher.

Compelling Economics of How and Why Renewables in 
Mining Makes Sense
c. kling; BQ Energy, Darien, CT
This presentation will profile the development of solar on reclaimed mines 
and mine refuse piles, and why renewables in mining makes sense. Land 
with historic industrial use and potentially limited alternative uses, are perfect 
sites for renewable energy projects. Transmission lines and access roads are 
integral to mining sites and provide cost effective infrastructure to the solar 
project. Power can be sold for ongoing operations at a mine, or sold into the 
grid to utilities or commercial/industrial users. Land is available, environmen-
tal regulators are supportive and green energy is in demand. Investors are 
looking for green energy projects to fund.
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The Role of Government Entities and the Importance of 
Access to Private and Institutional Sources of Financing 
for Mining Projects Related to Critical Minerals
A. Xenaki1, W. Kan2, E. Laporte1, J. Castillo Gomez1 and D. Das1; 1M&E 
Mining International, RESPEC Inc, Lexington, KY and 2M&E-Support & 
Planning, RESPEC Inc, Lexington, KY
Critical minerals play a major role in the economy and national security of the 
U.S. With the global demand for critical mineral skyrocketing every day, dis-
ruption in the global mineral supply chain and overreliance on imports could 
seriously affect the U.S. This paper focuses on the role of critical minerals in 
the renewable energies, the technical, economical, and social reasons why 
mining projects focused on those minerals should be given priority by inves-
tors, both private and institutional, and why government entities and regu-
lators should streamline the access to funds and to the necessary permits, 
given their importance as the backbone of the renewable energy industry.

Utilizing Insurance to Reduce Risk and Attract Capital
J. Anderson; McGriff Insurance Services, Denver, CO
As the world continues to develop the demand for energy will continue to 
grow, both from traditional and renewable energy sources, and therefore 
the capital needed to construct these projects will grow as well. While not 
always a first thought, a proper insurance program is a crucial component 
of a company’s broader strategy and risk management plan. An appropriate 
insurance program tailored to a specific company’s needs can help reduce 
or eliminate certain risks, make a company more attractive to investors and 
even reduce the amount of funding a company needs to raise. This talk 
will provide a high-level overview of different insurance products a company 
may want to consider and how they can benefit the company throughout all 
stages of its life, including raising and deploying capital.

Mine Finance: Impact of EV Revolution and Other Climate 
Change Technologies
C. Urda Kassis; Shearman and Sterling LLP, New York, NY
How have the need to non-traditional minerals, the use of new processing 
technologies and the lack of historical demand and pricing data, among oth-
er things, affected mine finance – including sources, structures, risk alloca-
tion and more? What are the key developments in the mine finance market 
resulting from the above?

TUESDAY, FEBRUARY 28
MORNING

COAL & ENERGY: INNOVATIONS IN MINING 
MACHINES AND AUTOMATION
9:00 AM
Chairs: J. Haughey, Komatsu, Warrendale, PA 
Z. Agioutantis, University of Kentucky, Lexington, KY

Introductions

Augmented Reality System for Training of Heavy Equip-
ment Operators in Surface Mining
J. Valencia Quiceno1, V. Kecojevic1, D. Bogunovic2 and E. Arviso2; 1Mining 
Engineering, West Virginia University, Morgantown, WV and 2Navajo 
Transitional Energy Company, Farmington, NM
Information Technology offers many benefits to improve conventional training 
procedures in the mining industry and help reduce the risk of equipment-re-
lated injuries. This presentation discusses the design, implementation, and 
evaluation of an Augmented Reality application deployed in Unity and Visual 
Studio for the training of Heavy Equipment Operators (HEO) of haul trucks 
using Microsoft HoloLens 2. The HEOs are able to access a holographic in-si-
tu interface, interactive tutorials, guided inspection cycles, and a real-time 
support system. This training application is developed for a surface coal mine 
in the southern United States.

Autonomous Fleet Expansions in Operating Mines
J. Fernandez; MineStar Solutions, Caterpillar Inc, Peoria, IL
There are several opportunities and challenges that mining sites face when 
transitioning to a new technology such as autonomous mining. Autonomous 
mining means new way of doing things, which can be a greater challenge for 
operating sites. Autonomy means new procedures, infrastructure, and roles/
responsibilities. Established mines rely on these areas for the steady produc-
tion of their site, so it is therefore critical to manage changes appropriately 
and optimally. Through proper planning, training, staging, and best practices, 
miners can have successful transitions to an autonomous truck fleet while 
ensuring a safe and productive operation.

Operator Assist Technology Package for CAT© Electric 
Rope Shovels
R. Riggle; Caterpillar Inc., Menomonee Falls, WI
As the mining industry is asking for more technology than ever, today’s operator- 
assisted Electric Rope Shovels react faster than humanly possible. Without 
sacrificing productivity, Integrated Technology Package safeguards against 
operator practices that cause machine damage. It allows less experienced 
operators to efficiently load trucks while reducing the effort required to avoid 
poor digging practices that can impact machine availability and overall pro-
ductivity. Building on the Integrated Technology Package, Operator Assist 
Technology automatically controls stalling in the face, swinging, and digging 
with a loaded dipper, minimizes slack in the hoist ropes, reduces jacking 
the boom and crowd overspeeds. With these operators assisted controls, 
the operator can focus on the truck loading process while improving dipper 
engagement in the highwall face, reducing machine stress, and providing 
equal or better cycled times. This presentation will discuss the advantages of 
enhancing operators’ performance.

Serial Number One – Validating the Future of Drilling
J. Bollini; Application Engineering, Komatsu Mining Corp., Peoria, IL
The development and testing of new mining machines within customer ap-
plications poses many potential benefits and risks. Although the machine 
gains valuable hours of testing within a mining application, a key emerging 
risk is the ability to consistently provide an initial production-ready machine 
while also completing all validation and testing requirements for the initial 
and future machine. Understanding the delicate balance between develop-
ment, testing, validation, production, and problem solving are key in pro-
viding success to both the customer and product. This paper will review an 
interpretation of Komatsu Mining Corp. (KMC) Application Engineering key 
aspects of productivity and reliability validation testing involving a new ZR 
drill model within the Komatsu surface drilling product line. A proper un-
derstanding of drilling productivity capabilities and reliability requirements 
allows an operation to measure drilling efficiency and evaluate a path for 
increased productivity and reduction in cost per ton. This presentation will 
review key aspects of new machine productivity validation and potential im-
pacts to mining operations.
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Evaluating the Efficacy of Autonomous Shuttle Cars  
Tramming and Docking Sensor and Control Packages
J. Sottile1, A. Rajvanshi2, Z. Agioutantis1, A. Krasner2, V. Androulakis1, 
S. Schafrik1, J. Rose III1, M. Sizintsev2 and H. Chiu2; 1Mining Engineering, 
University of Kentucky, Lexington, KY and 2Center for Vision Technologies, 
SRI International, USA, Princeton, NJ
From the 2010 to 2020, the largest number of fatalities by accident class in 
underground coal mines was powered haulage, which accounted for 30% of 
the fatalities. Reductions in these types of mine fatalities could be achieved 
by removing workers from hazardous locations by automating various mining 
activities and switching the roles of mine personnel from equipment operator 
to equipment supervisor. This paper addresses concepts for automating the 
navigation of the shuttle car from the feeder/breaker to the change point 
and change point (approximately) to the continuous-miner coal-discharge 
conveyor. A stereo depth camera mounted on the shuttle car is used as 
the primary sensor. The approach includes five processing modules: scene 
segmentation, segmented point-cloud generation, occupancy grid estima-
tion, path planner, and controller. Experiments that have been conducted 
with 1/6th-scale models of equipment in a mock mine and also on full-size, 
operational mining equipment in a simulated mine laboratory are described 
in this paper.

Application of Cobot Technology in Roof Bolter Automation
P. Kolapo¹, S. Schafrik¹, H. Zhang² and S. Nikolaidis2; 1Mining Engineering, 
University of Kentucky, Lexington, KY and ²Computer Science, University of 
Southern California, Los Angeles, CA
Roof bolting is the primary ground support system used in underground 
mines critical to the safety of all workers underground. The bolt installation 
involves moving quickly manipulating awkward and heavy tools while being 
vigilant about the safety of the area. The operation is exemplary of the rule of 
4 D’s. This study describes the implementation of a cobot technology in roof 
bolting operations with the ultimate goal of moving the operator to a robot 
supervisor. The roof bolter is automated with the components independently 
reacting and making timely decisions that lead to sequential execution of the 
entire roof bolting process.

TUESDAY, FEBRUARY 28
MORNING

COAL & ENERGY: OPERATIONS PROJECTS, 
DEVELOPMENTS, AND INNOVATIONS I
9:00 AM
Chairs: B. Mirabile, Jennmar 
S. Baker, Rosebud Mining, State College, PA

Introductions

Allegheny Met - The Next Generation Underground Long-
wall Coal Mine
R. Toler; Allegheny Metallurgical, LLC, Volga, WV
Allegheny Metallurgical, LLC (“Allegheny Met”) is currently developing the 
next generation underground longwall coal mine, the Longview Mine, outside 
of Bridgeport, WV. The mine will produce metallurgical coal as a key ingredi-
ent in steel making. Project development and permitting began in 2008 with 
final permits received in 2018. Site construction began in February 2019. 
Allegheny Met will produce in the Lower Kittanning seam with ~78Mt of 
marketable metallurgical coal and a planned 26-year mine life. Once fully 
operational, the Longview Mine will produce ~3.3Mtpa of high quality, high 
fluidity, high-vol steelmaking coal for the export and domestic markets. Infra-
structure will be set in place to transport the product via river or rail. Alleghe-
ny Met is a wholly owned subsidiary of North Central Resource, LLC (“NCR”), 
a privately owned holding company, backed by experienced and well capi-
talized coal and steel investors – AMCI, Itochu, POSCO, and JAZ Ventures.

Application of Pumpable Cribs for Secondary Longwall 
Support with a Focus on Conditions, Cost and Labor
A. Dutil; Jennmar Corporation, Pittsburgh, PA
Since the advent of longwall mining systems there has been a serious focus 
on making them bigger, better and more efficient. As mines grew in size with 
the longwall panels themselves there were concerns about labor deployed 
and supply chain. This was the impetus that led to the development of the 
pumpable crib. There was a need for a support system that could deploy 
material that was pumped from outside and installed thousands of feet away 
in longwall intake and track entries. The cementitious fill material of a pump-
able crib is much stiffer than wood crib making it ideal for areas with floor 
and roof movent. With the ever changing market conditions mining compa-
nies have increased their focus on cost. Through complex cost analysis it can 
be proven that pumpable cribs are cost competitive when compared to other 
support systems. The biggest factor leading to this is the efficiency of the 
pumpable crib system, mines that are installing pumpable cribs are able to 
keep up with longwall production with one shift a day compared to multiple 
shifts per day with other methods.

Unique Portal Arch Backfill
B. Waxter; Micon, Glassport, PA
A coal mine in Southern West Virginia suffered a highwall rock fall on the 
travel and supply portal into the mine. The coal company removed all of the 
debris from the rock fall and then installed square set with steel lagging. Upon 
completion, the mine installed 4-point wooden cribs on top of the lagging of 
the square sets up to the crown of the highwall rock fall. MSHA deemed the 
mine repair insufficient and dangered off the portal entrance from all access. 
The mine was forced to use an alternate travel road to haul supplies and 
the shuttling of crews in and out of the mine. This increased one-way travel 
time by 35 additional minutes. Due to their unique engineering and solutions 
experience, Micon was hired to design and install the remedial action plan 
to be submitted to the agencies then implemented. Micon’s plan included 
drilling and installing rock anchors, installation of permanent form work and 
lightweight foam concrete to backfill the cavity. The plan was accepted with-
out revision. The project was completed in 2 weeks. MSHA’s inspection of 
the repair was found to be acceptable, and the order was lifted. The portal is 
in service today with no problems or further complications.

Full Scale Demonstration of Somerset Sub325 Dewatering 
Centrifuge: Discussion of Testing Procedures and Results 
from Multiple Locations, Applications, and Industries
M. Barish and J. Fisher; Somerset International, Sewickley, PA
Somerset International’s 2022 paper entitled “Applying Ultra-Fine Coal De-
watering Technology to Refuse Tailings Disposal” discussed new applications 
for the Sub325® Fine Coal Recovery System spurred on by the increased 
scrutiny placed on tailings disposal globally. Countries are limiting the use of 
wet tailings dams forcing plants to invest in dewatering solutions. Lab testing 
and small scale demonstrations have led to the development of the Som-
erset Sub325® Tailings Dewatering System. Somerset has embarked on 
full scale demonstrations at plants in the United States and Morocco. These 
demonstrations have proven successful at their stated goals of dewatering 
ultra-fine tailings with low percent solids water recovery. These demonstra-
tions were performed during normal operating conditions with normal fluc-
tuations in quality and flow. The ability to dewater -325 mesh material is a 
vital piece of processing capability for the continued production of mining 
operations worldwide. Finding a low-cost, low-maintenance, high availability 
continuous solution to dewater tailings is imperative for operators in active 
and inactive mine facilities.
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Area Mine Scheduling and Design in the Powder River Basin
A. McBrayer and A. Brickey; Department of Mining Engineering and 
Management, South Dakota School of Mines and Technology, Rapid City, SD
With the current economic climate, supply chain crisis, and engineering labor 
shortages, many coal companies are seeking avenues to improve efficien-
cies in both operation and planning practices. For large-scale area mines, 
using scheduling optimization tools is often deemed unnecessary. A review 
of the industry practices employed for area mine scheduling and design 
throughout the Powder River Basin reveals potential optimization opportu-
nities and the need for customizable optimization models to allow for nimble 
planning practices across the Powder River Basin. Current practices and 
potential future needs will be discussed.

DOE’s Minerals Sustainability Programs
G. Bromhal, A. Wendt, M. Alvin, E. Granite, S. Rice and S. Forbes; US 
Department of Energy, Washington, DC
For almost a decade, DOE’s Office of Fossil Energy and Carbon Management 
(FECM) has managed a program to develop technologies to help extract 
and process rare earth elements (REE) from unconventional and secondary 
sources like coal, coal refuse, coal ash, and acid mine drainage. In 2021, 
FECM established a new Division of Minerals Sustainability, with a focus 
of helping to establish domestic supply chains for a wide variety of criti-
cal minerals, and producing high-value, non-fuel carbon products, such as 
synthetic graphite, from fossil-based feedstocks. Today, this Division houses 
three main programs for FECM—the Advanced Resource Characterization 
Technologies, the Critical Mineral Processing, and the Carbon Ore Process-
ing Programs. Together, these programs are focused on RDD&D to create 
new technologies and methodologies to advance environmentally responsi-
ble and economically efficient production, processing, refining, and manu-
facturing of critical minerals and high value carbon products from unconven-
tional and secondary feedstocks. This talk will provide a summary of DOE’s 
Minerals Sustainability Division.

Production Schedule Optimization Using Linear Program-
ing Concept in MinePLan 3D for A Multi Pit Coal MIne in 
Indonesia
K. Dağdelen; Mining Engineering, Colorado School of Mines, Golden, CO
This paper will discuss developement of annual production schedules for a 
multi pit coal mine with multiple coal seams using linear programing concept 
in MinePlan 3D from Hexagon Software. The scheduling work flow starts with 
building a 3-D block model first for the coal resources in each pit area. The 
psudo-flow pit limit optimization program is run to determine the ultimate pit 
limits. Each pit is further divided into smaller pushbacks using price parame-
trization. The blocks contatning coal and waste material on a given bench of 
various phases of different pits are sequenced using linear programing con-
cept within MSSO program by maximizing NPV of annual cash flows subject 
to yearly coal production and quality requirements. Case study in a current 
operating open pit coal mine in Indonesia concluded that the mine plan op-
timization elaborated above result in a better NPV than current operation 
scenarios, produce 64% higher coal reserve than current operation for the 
total mine areas. It also results in an increase of USD 571 million net present 
value for whole project and 17.5% of incremental rate of return.

TUESDAY, FEBRUARY 28
MORNING

ENSURING THE CYBER RESILIENCY OF YOUR 
OPERATION
9:00 AM
Chair: H. Ednie, Global Mining Guidelines Group

Introductions

Ensuring the Cyber Resiliency of Your Operation
H. Ednie; Global Mining Guidelines Group, Montreal, QC, Canada
Cybersecurity is a critical focus of mine design and planning and in the 
deployment of innovative technologies – from ensuring your communica-
tions infrastructure is secure to dealing with IoT and cloud architecture and 

onboard systems and more. For vendors, they are being asked to demon-
strate the cyber resiliency of their systems and products as part of the 
procurement process to prove to mining companies that they are reliable. 
This session targets: - technology decision-makers in the mines and covers 
what they need to consider to ensure the resiliency of their operations -  
vendors who want to ensure that they are meeting cybersecurity require-
ments for their systems and products to be considered for deployment in the 
mines Hear from leaders from mining companies about the approaches they 
are taking to ensure the cyber resiliency of their operations and what they 
are looking for from vendors.

TUESDAY, FEBRUARY 28
MORNING

COLORADO MINING ASSOCIATION
9:00 AM
Development of Radiological Screening Levels and Gamma 
Survey Methodologies for US DOE Legacy Uranium Mines
Steven H. Brown, SHB Inc.; Ian Shafer, US Department of Energy 
The U.S. Department of Energy (DOE) Office of Legacy Management has 
identified over 2500 Defense-Related Uranium Mines (DRUM sites) on public 
land from which uranium ore was purchased by the U.S. government for 
nuclear defense programs prior to 1970, which it is currently inventorying 
and performing environmental screening. This paper presents a summary of 
the results of the analysis for establishing radiological screening criteria for 
DOE’s DRUM sites that is currently being used as input to the overall ranking 
of these sites for prioritization of additional assessment, reclamation, or re-
medial actions. The paper also presents the field radiological survey methods 
being used and results fo the over 1800 mines radiologically characterized 
through CY 2021. 

TUESDAY, FEBRUARY 28
MORNING

ENVIRONMENTAL: MINE WATER MANAGEMENT
9:00 AM
Chairs: L. Williams, GHD, Phoenix, AZ 
J. Tatum, Brown and Caldwell, Lakewood, CO

Introductions

Sulfate Brine Disposal in Paste Backfill
B. Holtz; Technical Services, Coeur Alaska - Kensington Mine, Juneau, AK
Increasing levels of dissolved sulfate in Kensington Mine’s tailings impound-
ment have been a growing concern. To combat this, Kensington sought a 
tailings water pre-treat strategy. Most solutions evaluated would generate a 
sulfate rich brine or precipitate needing disposal. Kensington elected to trial 
adding this sulfate rich brine to its underground paste backfill as a means 
of disposal, locking the sulfates in cemented tailings underground. A reverse 
osmosis system was installed at the paste plant. Sulfates and other dissolved 
constituents are removed from the paste/mill/tailings process water loop. 
Clean water is pumped back into the mill and tailings impoundment; the 
removed sulfates form a brine. This brine supplements the water used in 
paste backfill. To assure no adverse effects, paste strength, leaching, and 
In-situ monitoring are ongoing, as well as overall effectiveness at removing 
sulfate mass from the tailings impoundment. The project implementation, 
testing, and findings are detailed here. This project has potential to increase 
control of the tailings facility and significantly reduce treatment costs during 
production and reclamation.
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Long-Term Modelling of Tailings Sedimentation Accounting 
for Variable Rheology in Space and Over Time
I. Dubinski, C. Dacey and T. Foster; DHI Water and Environment, US, 
Lakewood, CO
Simulating tailings slurry flow and filling in a Tailings Storage Facility over the 
long-term can be computationally challenging from a combination of non- 
Newtonian flow characteristics of tailings slurry that changes over space and 
time and the need to simulate these flow dynamics over years to decades. 
Pure computational fluid dynamics (CFD) models of multiphase flow are 
computationally intensive to the degree that simulating periods more than 
a few months or for areas more than a few square kilometers may become 
impractical. The solution was to develop dynamic feedback within the DHI 
MIKE 21FM model to account for changing flow rheology due to evapora-
tive dewatering and sedimentation to simulate space and time-varying fluid 
concentrations. Advection and dispersion are simulated with changing water 
content. Simulated sedimentation updates the bed morphology and evolving 
concentrations update fluid rheology. This solution provides practical model 
execution periods versus traditional CFD approaches. Applications include 
optimizing deposition schemes and water management, informing opera-
tional decisions and engineering designs, and evaluating paths to achieve 
closure objectives.

A Holistic Overview of the Cyanide Detoxification Process
D. Kratochvil, R. Agius, H. Liang and H. Bawany; BQE Water, Denver, 
Colorado, CO
The SO2/Air cyanide detoxification process was developed when the usual 
requirements were based on a relatively steady concentration of weak acid 
dissociable cyanide (WAD CN-) in the feed of 150 to 200 mg/L and a dis-
charge limit of less than 50 mg/L. However, as more metallurgically complex 
deposits are developed, and environmental regulations become stricter, cy-
anide destruction demands have evolved and become more stringent. Now-
adays, discharge limits below 1 mg/L WAD CN- are not uncommon, and the 
SO2/Air process often needs to treat feeds containing more than 600 mg/L 
of WAD CN-. Adding further complexity is that solutions containing elevated 
levels of thiocyanate (SCN-) and/or thiosalts are becoming commonplace 
and can negatively impact the ability to recycle process water and the capa-
bility to achieve overall site environmental compliance. This paper provides 
a holistic overview of the SO2/Air process, interconnections between metal-
lurgical and environmental issues, including carbon footprint reduction and 
sustainability, and discusses changes in design and operations strategies 
needed to meet the requirements of modern gold extraction projects.

High Salinity Brine Management: Practical Application and 
Outlooks Toward the Future
T. Horseman, S. Barton and J. Gusek; Engineering, Linkan Engineering, 
Elko, NV
Water recovery from the state-of-the-art treatment technology, reverse os-
mosis (RO), is limited to a maximum level of salinity. Up to 50% of water 
rejected from RO, or brine, is often disposed of or stored perpetually. Pro-
cess innovations, such as osmotically assisted RO, allow RO to treat higher 
salinity (up to 200 g/L), while thermal technologies, such as mechanical 
vapor compression and membrane distillation, and electrically driven tech-
nologies, such as electrodialysis, are less sensitive to salinity and treating 
up to saturation (300-400 g/L). Passive options are available too. However, 
these technologies are not yet widely adopted due to their novelty and lim-
ited understanding in the context of brine treatment. Herein, a comparative 
analysis of key characteristics, including energy consumption, recovery, and 
potential failure mechanisms will highlight the technologies’ advantages and 
disadvantages. A summary of these characteristics will lay the framework 
for effective cost-benefit analysis and highlight conditions for practical ap-
plication. Finally, the potential for mineral recovery will be discussed as a 
byproduct of brine management technologies.

Screening of Water Management Options at Multiple 
Closed Underground Coal Mines in South Africa
L. Josselyn1, J. Gusek1 and L. Koen2; 1Linkan Engineering, Golden, CO and 
2Zutari, Cape Town, South Africa
Union Colliery, a subsidiary of Seriti Power (Pty) Ltd., is a group of nine histor-
ical underground coal mines located in Mpumalanga Province, South Africa. 

The mines were operational from the early 1900s to 1985 and they cover 
about 1200 ha. They are all flooded or are flooding and underlay two major 
watersheds. The mine portals are all collapsed and discharge mining influ-
enced water (MIW) of varying quality, ranging from low-pH elevated metal 
(acid rock drainage - ARD) to neutral pH, low metal MIW through a series 
of “decants”. Experimental active treatment tests whose focus was on sul-
fate removal have been conducted on one of the MIW sources. The water 
management prefeasibility study team considered active treatment, passive 
treatment, hybrid active/passive, and ARD source control technologies alone 
or in combination to develop a matrix of practical alternatives whose im-
plementation could in theory meet regulatory goals. Through a workshop 
process with Seriti, the study team focused on using passive treatment 
processes to pre-treat the various MIWs individually to remove most of the 
contaminant loading prior to its being treated in centralized active treatment 
plants.

Wastewater Treatment for Re-Use – A Case Study on How 
Proper Front End Planning Can Make All the Difference
D. Guinta; Burns & McDonnell, Kansas City, MO
Escalating concerns with water scarcity as well as increasingly restrictive 
discharge permit requirements are driving many industrial facilities to con-
sider alternatives to reduce water usage and wastewater discharge rates. 
One alternative to accomplish these goals is to capture, treat, and re-use 
wastewater generated at the site. Burns & McDonnell has recently executed 
several wastewater re-use and zero liquid discharge (ZLD) projects and has 
identified ways in which proper front-end planning can lead to cost savings 
and successful project outcomes. This paper will provide specific examples 
of front-end planning activities that were performed and how these added 
value to the projects. Examples of proper front-end planning activities to 
be discussed in this paper include extensive water sampling & analysis – 
including proper scheduling of sampling to capture intermittent operational 
conditions as well as seasonal impacts, understanding the site-wide water 
balance and identifying opportunities for segregation and re-use of relatively 
clean wastewater, potential for proper storage volume to buffer intermittent 
extreme flow conditions to reduce treatment system throughput, and more.

TUESDAY, FEBRUARY 28
MORNING

ENVIRONMENTAL: TECHNOLOGY’S ROAD TO 
COMPLIANCE
9:00 AM
Chairs: T. Graham, Freeport McMoRan, Mesa, AZ 
G. Sutton, The Doe Run Company, Bunker, MO

Introductions

Small Modular Nuclear Reactors: A Compendium of Mining 
Applications
S. Root; Nuclear Engineering, University of Idaho College of Engineering, 
Moscow, ID
The mineral processing industry supplies raw materials to a wide variety 
of manufacturing sectors. Large companies such as Ford, Microsoft, and 
Johnson &Johnson have pledged carbon neutral supply chains in the com-
ing decades, leaving suppliers to reevaluate their energy sources. These 
needs are broad in scope in the mineral processing industry. Generation 
IV of nuclear reactors, which is currently under development in both the 
private and public sector includes a class called Small Modular Reactors 
(SMRs). As the name implies, these are smaller than the utility scale nuclear 
power plants in operation today, and are intended to be more versitle. A 
specific reactor core design, along with modules could be selected to fit a 
certain application without needing to design a brownfield power plant. Basic 
SMR designs can easily supply shaft work, electricity, and low grade process 
heat to a facility. More advanced designs, such as molten-salt-reactors and 
high-temperature-gas-reactors can achieve higher temperatures needed for 
ore roasting. Similarly, these reactors could produce hydrogen by high tem-
perature electrolysis to use as combustion fuel and reducing atmosphere in 
blast furnaces.
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Robust Environmental Monitoring & Control at Remote Sites
M. Fisher; Engineering, Innovative Wireless Technologies, Inc., Lynchburg, VA
Monitoring environmental parameters can be time-consuming and error 
prone. Complexity increases when industrial equipment such as sump 
pumps are controlled by real-time data. Placing these requirements on a 
remote site where equipment uptime and data reporting are of high impor-
tance requires a level of technology that is difficult to define, implement, 
and maintain. Furthermore, of the available options, wireless solutions can 
be cumbersome to map out and configure for large remote sites. However, 
sites are achieving robust environmental monitoring and control with simple 
and reliable network setup, real-time telemetry, and automated and manual 
remote control.

Resonance Acoustic Profiling (RAP) - A Complimentary Tool 
for Mapping Seepage Through, Beneath and Around Dams
R. Blanchard1, P. Pires2, V. Kofoed1 and M. Jessop1; 1Geophysics, 
Willowstick Technologies, Draper, UT and 2PCP Engenharia Ltd, Sao Carlos, 
Sao Paulo, Brazil
PCP Engineering has successfully employed the Resonance Acoustic Pro-
filing (RAP) method to improve seepage characterization through, beneath, 
and around tailings dams. RAP is a predominantly passive seismic method 
that detects zones of higher permeability in the foundation and fill materials 
of a dam. Just as the ocean has tides, the earth’s crust experiences daily 
“earth tides” and is constantly under stress. This produces resonance signals 
that can be measured, interpreted, and modeled to identify zones of higher 
permeability within the dam fill and bedrock foundation. The RAP results are 
analyzed in conjunction with traditional Willowstick Method results to better 
characterize seepage flow paths. Willowstick has effectively utilized the RAP 
method on ten highly successful seepage investigations at tailings dam sites 
and our focus will be to present two case studies.

Achieving Sustainability Outcomes through Intelligence 
Driven Mining and Open Industry Ecosystems
J. Starwood; Microsoft Corporation, Grand Rapids, MI
Miners must balance competing priorities. They must advance sustainability 
and drive profitability, transition to renewable energy and improve productiv-
ity, and provide Climate-smart minerals while protecting health and safety. 
All the while, they must maintain their license to operate. Intelligence Driven 
Mining provides insights and capabilities to achieve sustainability outcomes 
while balancing, even optimizing, across priorities. Four pillars of Digital 
Transformation establish a secure Systems of Intelligence foundation to em-
power employees, optimize operations, and transform products and services. 
Leveraging four Industry Priority Scenarios, with their 60+ proven use cases, 
miners can accelerate and de-risk sustainability journeys and investments. 
Open Industry Ecosystems provide source-to-use data and integration to 
solve upstream and downstream Scope 3 challenges. A Trust Foundation 
enables secure sharing, even monetization, of data and algorithms. A plat-
form-of-platforms architecture accelerates outcomes and builds scale for 
meaningful progress toward corporate and global 2050 goals. Case studies 
demonstrate how miners achieved meaningful sustainability outcomes.

Carbon Tracking and Performance Metrics Platform By 
Connecting Mine Assets In Real Time And Providing Holistic 
View Of A Mine Value Chain – Airth Connect, Case Study
E. Koc; airth.io, Tucson, AZ
Airth is a vendor agnostic data and analytics company in the mining in-
dustry with five actively implemented products: Plan, Connect, Act, Finance, 
and Manage aimed at improving operational sustainability and productivity 
gains with a forward-looking approach. At its core, Airth has built products 
by integrating advanced analytics and financial modeling to deliver tailored 
recommendations for clients. This technical paper discusses a novel idea of 
integrating carbon tracking technology through data collected from assets 
in a mine value chain, thereby bringing ESG into daily operating plans. With 
increased availability of real time data from mine equipment and processes 
used for optimizing production, opportunities to improve upon sustainability 
initiatives are equally achievable. Airth Connect links all mobile assets and 
collects real-time data with the added feature of tracking week to month 
metrics and KPIs. The concept is to integrate this captured data and facilitate 
informed decisions through identifying optimization opportunities that not 

only reduce cost but improve sustainability within the production cycle; for 
instance, reducing day to day operational fuel consumption.

Evaluation of Diesel Fuel Combustion Catalyst for Power 
Generation at Remote Underground Mine Site
K. Williamson; Power Generation, CoeurMining, Juneau, AK
Coeur Mining is implementing a 3-month evaluation of a diesel fuel combus-
tion catalyst at Kensington Underground Gold Mine in southeast Alaska. By 
lowering the fuel consumption of the diesel engines that provide all the pow-
er at the site there could be a reduction in fuel cost and carbon emissions, as 
well as a reduction in transportation cost to the remote site. This presentation 
will be an overview of the challenges encountered, and benefits observed as 
1 of 4 generators is dosed with combustion catalyst while gathering data 
related to the fuel efficiency, carbon emissions and engine maintenance.

TUESDAY, FEBRUARY 28
MORNING

ESG: EVOLVING PERSPECTIVES ON ESG 
REPORTING
9:00 AM
Chair: K. Morrison, Newmont Goldcorp, Lakewood, CO

Introductions

The Evolution of the Independent Engineer in Mine Project 
Finance
R. Lambert; Mining Advisory, SLR International Corp, Martinez, CA
Mine finance projects have typically included the role of Independent Engi-
neer to act as technical advisor to the lenders. Over the past three decades 
the role has evolved to include additional criteria for review of the technical, 
and environmental and social (E&S) aspects. The current trend is to see the 
roles of Independent Engineer (IE) and Independent Environmental and So-
cial Consultant (IESC) segregated, even though the roles are dependent on 
each other to provide an overall risk assessment for the lenders. The con-
cept of Environment, Social, and Governance (ESG) has been part of project 
finance as long as there’ve been large multinational banks involved. The 
presentation will review the evolution of the E&S standards over time as they 
apply to mining. Discussion will also address rating agencies, site specific 
components (GHG, COx, NOx, and H2O), and the future role of ESG in Mine 
Project Finance.

Evolving Perspectives on ESG Reporting
K. Kelsall; S&ER, Newmont Corporation, Greenwood Village, CO
‘ESG’ has rapidly evolved and is now considered a business imperative to 
meet the expectations of investors, host governments, communities, em-
ployees, and the broader global community. Expectations have expanded 
from the fundamental principle of “do no harm” to “contribute to solve glob-
al challenges,” and accelerated during the COVID-19 pandemic. Moreover, 
these expectations are coupled with the demand for increased reporting, 
transparency, and taking public positions on critical global issues, which has 
raised the bar for companies and their leaders. Newmont has been publicly 
reporting its sustainability performance for nearly 20 years and prides itself 
on its level of transparency, which has long been a prerequisite for building 
credibility and trust with stakeholders. Newmont continues to evolve its ESG 
reporting strategy and practices to ensure it is meeting stakeholder expecta-
tions, fulfilling commitments and preparing the company for future standards 
and regulations.
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“All That is Gold Does Not Glitter”: The Nuts and Bolts of 
Conducting an ESG Audit
J. Ventura; The University of Utah SJ Quinney College of Law, Salt Lake City, UT
Regardless of what the ESG criteria in the mining space will ultimately look 
like, this presentation will seek to impress upon the audience the need to 
conduct an immediate, direct and local “boots on the ground” ESG Audit 
– one that addresses, among other things: identifying, assessing and re-
viewing ESG risks associated with a specific transaction or a mining com-
pany’s overall operations; establishing baselines against which to measure 
improvement / change; anticipating forthcoming ESG standards, frameworks 
and regulatory changes to enable the mining company to be more readily 
adaptable to change; implementing an ESG strategy involving the drafting 
of key contracts that ensure that a mining company’s supply chain upholds 
labor and other practices that meet the company’s ESG standards; conduct-
ing, when necessary, M&A due diligence to establish what work needs to be 
done to integrate an acquired asset so that it meets the mining company’s 
ESG standards; and understanding the value of, and need for, the attor-
ney-client privilege in conducting the ESG Audit.

Mine Finance: Current Snapshot of Impact of ESG
C. Urda Kassis; Shearman and Sterling LLP, New York, NY
How is the heightened focus of (i) regulators, (ii) major equity, debt and oth-
er investors to the sector and (iii) the public, to name a few, on ESG mat-
ters affecting the mine financing market? In particular: (A) on one side, is it 
changing the overall availability of funding to the sector? Is it changing the 
main sources of funding? Is it changing the process by which funding is 
obtained, specifically the ESG diligence process? Is it changing the terms on 
which funding is availble, as those terms relate to ESG matters? and (B) on 
the other side, is it changing the entities requiring the funding? Is it changing 
the use of proceeds? Is it changing the risk profile of the investments? Is it 
changing either the substantive approach of those in the mining industry to 
ESG or the reporting of ESG-related matters?

ESG and the Digital Transformation
D. Draper; Determinant, LLC, Reno, NV
Vast quantities of data and algorithms are increasingly driving decisions at 
all levels of organizations. This presentation will look at opportunities and risks 
the digital transformation and AI bring for our industry, individual companies, 
and our stakeholders (individuals, communities, and the planet). An overview of 
governance mechanisms that organizations can employ to better manage the 
risks and more fully realize the benefits of these technologies will be provided.

TUESDAY, FEBRUARY 28
MORNING

HEALTH & SAFETY: EXPLORING THE RETURN 
ON VALUE OF HEALTH & SAFETY MANAGEMENT 
SYSTEMS (CORESAFETY) AND CREDENTIAL 
PROGRAMS (CMSP)
9:00 AM
Chairs: L. Guasta, Golden, CO 
M. Mains, Freeport-McMoRan Inc 
K. Walster, Prairie State Generating Company, Marissa, IL

Introductions

Added Value of CORESafety Certification and Certified 
Mine Safety Professional (CMSP) Credentials to Operations
K. Walster; Prairie State Generating Company, Marissa, IL
Our discussion would focus on why the CMSP credential is important for 
mining. We would like to dicuss our experiences of the CMSP within our 
organizations and how it supports the spirit of “Total Miner Health & Safety” 
and continuous improvement of CORESafety. We feel the CMSP is a great 
credential to add to your resume that encourages continuous improvement 
and education. Other safety credentials do not reflect the mining designation 
which we feel is beneficial. Of course, all safety certifications and training 
will benefit your safety efforts, the CMSP designation sets your operations 

apart, similar to the CORESafety Certification. We woudl like to discuss how 
employers support both the CMSP credential and CORESafety certification 
because of their belief that an outstanding safety culture is the key to get-
ting the workforce aligned, engaged and achieving outstanding results in 
all areas.

TUESDAY, FEBRUARY 28
MORNING

HEALTH & SAFETY: REDUCING OCCUPATIONAL 
EXPOSURES FROM A HIERARCHY OF CONTROLS 
PERSPECTIVE
9:00 AM
Chairs: A. Lashgari, John T. Boyd Company, Wexford, PA 
C. Tsai, University of California Los Angeles, Los Angeles, CA 
T. Chadha

Introductions

Characterization of Respirable Dust Generated From Full 
Scale Cutting Tests in Limestone with Conical Picks at 
Three Stages of Wear
S. Slouka1, J. Brune1, C. Tsai2, E. Sidrow3 and J. Rostami1; 1Colorado School 
of Mines, Golden, CO; 2University of California Los Angeles, Los Angeles, CA 
and 3The University of British Columbia, Vancouver, BC, Canada
Respirable rock dust poses serious long-term health complications to 
workers in environments where mechanical rock excavation is utilized. The 
purpose of this study is to characterize dust to aid in decision making for 
respirable dust suppression levels and exposures throughout the lifetime of 
a pick in the underground metal and non-metal environment. The methods 
include full scale cutting of a limestone sample in the laboratory with three 
conical picks at new, moderately worn, and fully worn stages of wear. Dust 
samples were collected during cutting with various instruments connect-
ed to pumps and subsequently analyzed to determine the concentrations, 
mineralogy, particle shapes, and particle size distributions. The results show 
that the worn pick generated the highest concentration of dust, all three 
picks generated dust particles of similar shapes, and all three picks gen-
erated various particle size distributions. In conclusion, a suite of respirable 
dust characteristics is now available and can be used for the evaluation of 
possible strategies and methods of dust suppression and exposures in the 
underground environment.

Experimental Investigation of RCMD Lung Deposition Using 
Mobile Aerosol Lung Deposition Apparatus (MALDA)
E. Medureira1, W. Su2, M. Rezaee3 and P. Roghanchi1; 1Mineral Engineering, 
New Mexico Institute of Mining and Technology, Socorro, NM; 2The 
University of Texas Health Science Center at Houston, Houston, TX and 3The 
Pennsylvania State University, University Park, PA
Despite many attempts to decrease the incidence of diseases such as Coal 
Workers Pneumoconiosis (CWP), an alarming increase in the number of 
cases has been recently noticed and supervised by NIOSH. Analysis of the 
deposition of dust on the respiratory tract and lungs allows for a better un-
derstanding of how different particle sizes, shapes, velocities, and airways 
diameter affect particle deposition. A better understanding of how these 
parameters affect lung deposition might lead to changes in dust exposure 
in mines and better monitoring practices. The particles’ size, shape, and 
characterization determine whether particles will deposit or be exhaled. In 
this research, samples collected from mines in the US were tested through 
an experiment simulation of real-life conditions enclosed in a dusty tunnel. A 
Mobile Aerosol Lung Deposition Apparatus (MALDA) represent a mine worker 
inside a small-sized wind tunnel. Several dust monitoring systems were used 
to measure the total mass and number of particles in the dust tunnel and 
measure the true dose of exposure based on the aerosol lung deposition.
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Size Effects of Nano and Submicron Coal and Rock:  
Particles and Physico-Chemical Property Characteristics
C. Tsai1, Y. Chen1, D. Nguyen1, S. Brindley2, T. Ma3, T. Xia3, J. Brune4 and 
J. Brown2; 1Environmental Health Sciences, University of California Los 
Angeles, Los Angeles, CA; 2Colorado University Anschutz, Aurora, CO; 
3University of California Los Angeles, Los Angeles, CA and 4Colorado School 
of Mines, Golden, CO
We have conduced 2D culture studies with human epithelial cells (HBECs) 
and macrophage cell line (MDM) for studying the particle size effects to the 
cell toxicities. The separated coal and rock particles ranged from nanometer, 
submicron to large microns were tested to determine the effects on HBECs 
and MDM cells. Our results have successfully shown that the sub microm-
eter sized coal and rock particles (<500 nm), specifically those less than or 
around 200 nm, have induced significantly increased adverse impacts on 
both epithelial and macrophage cells compared to particles larger than 500 
nm. We also conducted comprehensive physio-chemical characterizations 
on coal and rock dusts to understand the impacts associated with the cell 
toxicity and update if any characteristics could be related. We found that 
coal and rock dusts apparently showed very distinct characteristics such as 
hydrophobicity; however, both coal and rock submicron and nanoparticles 
explicitly induced stronger inflammatory and toxicity than their larger sizes. 
The results indicated that the small particle size could be the primary factor 
inducing the stronger adverse responses on cells.

NIOSH Office of Mine Safety Health and Research 
Ventilation Capacity Building Contracts
W. Reed1, G. Luxbacher2 and D. Snyder1; ¹CDC-NIOSH, Pittsburgh, PA and 
2CDC-NIOSH, Atlanta, GA
The NIOSH Office of Mine Health & Safety Research (OMSHR) developed 
capacity building contracts in 2009, initially in mine ventilation, to enhance 
mine safety and health, develop university tenure-track faculty, assist in up-
grading teaching/research facilities, and support graduate students. OMSHR 
initially awarded 7 5-year contracts in 2009, followed by 7 in 2014; in 2019 
the topic was expanded to mine design, encompassing mine ventilation as 
a key system, with 7 contracts in the current cycle. OMSHR has a history of 
research focusing on mine ventilation, including areas of ventilation tech-
niques, mine fires, control of gas emissions, and respirable dust and respi-
rable crystalline silica (or quartz) dust. This paper summarizes the outcomes 
of completed capacity-build contracts and the progress of current contracts.

Respirable Coal Mine Dust Surface Chemistry Study and 
its Interaction with Water Droplets
M. Rezaee1, S. Han1 and P. Roghanchi2; 1Energy and Mineral Engineering, 
The Pennsylvania State University, University Park, PA and 2Mineral 
Engineering, New Mexico Institute of Mining and Technology, Socorro, NM
Respirable Coal Mine Dust (RCMD) is identified as the main cause of the re-
surgence of Coal Worker’s Pneumoconiosis (CWP) since the mid-1990s. At 
present, the predominant dust control technology is the water spray system. 
However, in practice, the efficiency of this technology to suppress RCMD is 
relatively low. In order to understand the inefficacy of water spraying in cap-
turing RCMD and develop strategies for RCMD suppression, this research is 
focused on the surface chemistry study of RCMD and its interactions with 
water droplets. Accordingly, the modifications for maximizing the capturing 
efficiency are discussed.

Ultrasonic Water Spray System Technologies for Dust 
Control Applications
M. Lozano1, S. Han2, M. Rezaee2 and P. Roghanchi1; 1Mineral Engineering, 
New Mexico Institute of Mining and Technology, Socorro, NM and 2The 
Pennsylvania State University, University Park, PA
Solution spray and coal seam water infusion are frequently adopted to re-
duce dust concentrations in working areas. The efficiency of water spray 
methods of capturing and reducing the dust in the air depends on several 
factors, including dust particles, water droplet size, and interaction between 
them. Current water spray systems have lower efficiency in suppressing 
submicron coal dust particles since characteristics (such as physical prop-
erty and wettability) of the submicron size particles significantly differ from 
those of larger dust particles. This study presents a description of submicron 
dust control technologies based on water mediums. The influencing factors 
for effective dust suppression were investigated, indicating that the solution 
wettability, spray atomization characteristics, coal properties, dust produc-
tion, and submicron size particle contribute to the suppression efficiency. The 
capturing efficiency of different types of spray nozzles was investigated. The 
efficiency of an ultrasonic dust suppression system for capturing submicron 
dust particles was compared to the conventional spray nozzle.

Dust Dispersion in Underground Mining Operations –  
A Review
K. Battulwar; Mining Engineering, University of Nevada Reno, Reno, NV
Dust creation is a byproduct of mining activities, which is bad for cleaner 
mining operations. The miners’ exposure to airborne respirable dust poses 
major health risks. This paper critically reviews dust dispersion in under-
ground operations with various ventilation scenarios using the method of 
simulation in computational fluid dynamics. Moreover, it discusses the clas-
sification, characteristics, & dust dispersion. The behavior of dust particles 
with airflow in the underground with Single Forced and Hybrid Ventilation is 
discussed. Further, the Generation and Dispersion of dust with operation with 
Continuous Miner, Road Header, and Fully Mechanized is also discussed in 
detail. Besides, the circumstances with increased dust concentration have 
been explained. In addition, this paper examines current research initiatives, 
points out areas of knowledge gaps, and offers potential directions for future 
study on the crucial issue to safeguard the health and safety of underground 
mine workers and improve the workplace environment. This comprehensive 
review can serve as a reference for exposure management in underground 
mines.

Large Scale Coal Dust Explosion Testing of Two-Part 
Foamed Rock Dust
C. Brown, E. Perera, M. Harris and J. Addis; National Institute for 
Occupational Safety and Health, Washington, DC
Past research by NIOSH has shown that coal dust can participate in an ex-
plosion after the presence of moisture whereas rock dust forms a non-dis-
persible cake. Rock dust must scatter with coal dust to effectively inert a 
propagating coal dust explosion. Large-scale tests were conducted at the 
Central Mining Institute (CMI) in Poland to assess the inerting ability of a 
two-part foamed (TPF) rock dust. Some results of the large-scale explosion 
tests suggests that the equivalent traditional wet applied rock dust under-
performed in pressure impulse and flame speed compared to the TPF rock 
dust, given a moderate methane ignition condition.
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TUESDAY, FEBRUARY 28
MORNING

INDUSTRIAL MINERALS & AGGREGATES: 
INNOVATIONS IN INDUSTRIAL MINERALS AND 
AGGREGATES I
9:00 AM
Chairs: G. Tomaino, Minerals Technologies Inc, Easton, PA 
B. Li, Michigan Technological University, Houghton, MI

Introductions

Going Where the Minerals are Greener: Trends & 
Developments in Recycling Industrial Minerals
M. O’Driscoll; IMFORMED Industrial Mineral Forums & Research Ltd, 
Leatherhead, UK
The strive towards the Circular Economy has boosted the evolution of re-
cycling industrial waste. This has also increased the potential of recycling 
industrial minerals from certain waste streams as technical and economic 
challenges in their sourcing, processing, cost, and distribution receive grow-
ing attention. This is fast becoming a mainstream activity. There are a num-
ber of drivers for recycling minerals, such as environmental conservation, re-
source sustainability, overreliance on limited sources of critical minerals, and 
increasing challenges and costs in opening new mines, especially in Europe. 
In response, a new supply chain option of recycled industrial minerals is now 
evolving to meet both market demand and our environmental expectations. 
At the same time it has also encouraged growth in a parallel sector develop-
ing and supplying technology and equipment for mineral recycling. Although 
there is much interest in recycling, it still remains a relatively fledgling sector, 
with a small but expanding group of pioneers, and with many challenges. 
Today’s waste sources will be tomorrow’s new mineral resources.

Antimicrobial Activities of Natural Minerals: Principles and 
Prospects
B. Li1 and Z. Zhao2; 1Materials Science and Engineering, Michigan 
Technological University, Houghton, MI and 2Zhenghe Materials Ltd, 
Chuzhou, Anhui, China
More than 4,000 naturally occurring minerals have been found on Earth. 
All these minerals have a characteristic chemical composition and specific 
crystal structure. When a microorganism contacts with the different mineral 
surfaces, the interactions are different, depending on the surface charac-
teristics of the specific mineral, including chemical composition, chemical 
activity, topography, etc. This paper is focused on the basic principles of 
microorganism-mineral interactions and the prospective applications in an-
timicrobial materials.

Optimizing Environmental Monitoring and Data
J. Taylor; Sauls Seismic LLC, Birmingham, AL
Environmental sensor technologies have improved tremendously over the 
last decade. It is now possible to have continuous 24/7 environmental and 
weather data monitoring with “Parameters of Concern” alerts that can great-
ly reduce the potential for environmentally damaging or regulatory violation 
events. Combined with workplace shortages, employee safety concerns, 
reduction in employee travel costs and availability of current and historical 
data review, the new technologies provide new real world possibilities for 
environmental data management. This presentation provides updates, case 
studies and options for those who deal with environmental monitoring chal-
lenges on a daily basis.

Investigation on Some Pozzolanic Reactions From 
Industrial Mineral Processing Waste Streams and 
Evaluations Needed to Determine Crystalline Silica (Total 
and Respirable Fractions) in the Development of a Given 
SDS for a New Recycle-Reuse Product
G. Tomaino; Minerals Technologies Inc, Easton, PA
More and more companies are investigating a need to minimize disposal 
of mineral processing tailing/waste materials from their facilities. Potential 
pozzolanic investigations on some tailing/wastes materials will be reviewed 
in the talk; however, additional consideration in the development of recycle/
reuse materials pertains to total and respirable crystalline silica fractions of 
a new product. Here, the mineral processing whether through ore selec-
tion and/or blending, beneficiation or classification during comminution may 
have originally accommodated and favored GHS-SDS labeling with respect 
to a range or even to allow for non-labeling of crystalline silica for standard 
products. Now, there will be a need to know and understand consistency 
and conformity of a given total and the respirable crystalline silica fractions 
over time from those various processes and the potential for a much more 
diverse and variable sizing of the crystalline silica component in addressing 
SDS development of the new recycle/reuse product.

Case History - A Profitable Second and Third Life for 
Aggregate Quarries
J. Sackrider; Westward Environmental, Inc., Boerne, TX
Non-hazardous materials recycling and disposal provides an interesting 
opportunity to breath a second or even third life into depleted aggregate 
quarries. Aggregate quarries and non-hazardous materials recycling facilities 
already share many of the same operational and infrastructure needs. By 
developing a post mining adaptive reuse plan that is incorporated in the op-
erational mine plan, operators can seamlessly, and cost effectively transition 
from aggregate mining and production to non-hazardous materials recycling. 
This presentation provides a road map and discussion of how to go from 
greenfield, to aggregate mining and production, to non-hazardous materials 
recycling and disposal, and beyond.

TUESDAY, FEBRUARY 28
MORNING

INDUSTRIAL MINERALS & AGGREGATES: 
MINE DESIGN IN INDUSTRIAL MINERALS AND 
AGGREGATES
9:00 AM
Introductions

Numerical Modelling of Rolling Resistance for Mine Haul 
Roads with Stabilized Layers
L. Wu¹, R. Cram², D. Nicholson² and W. Liu¹; 1School of Mining and 
Petroleum Engineering, University of Alberta, Edmonton, AB, Canada and 
2Cypher Environmental Ltd., Winnipeg, MB, Canada
The estimation of rolling resistance is a critical aspect in mine haul road 
design as it directly relates to fuel consumption and mine productivity. How-
ever, despite the more frequent use of stabilizers in haul road construction, 
how stabilization affects rolling resistance remains unknown. Thus, this study 
aims to develop Finite Element Models (FEMs) to estimate the rolling resis-
tance for stabilized haul roads. A FEM model was developed and validated. 
Then this validated model was used to investigate the effects of road stabi-
lization on rolling resistance. The results suggest that road stabilization can 
noticeably reduce rolling resistance and fuel consumption.
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Investing in Dreams: The Future of Open Pit Mining
M. Youngblood; Marketing, Rail-veyor Technologies Global Inc., Sudbury, ON, 
Canada
As the mining industry responds to the call to decarbonize its own oper-
ations while supplying critical minerals to the renewable energy transition, 
innovative technologies must close the gap to Net Zero. Where this will make 
the biggest difference is in surface and open pit mining applications. To the 
seasoned engineer or operator, new paradigms of open pit mine design and 
acceleration beyond traditional development is necessary but often hard to 
visualize. “Green” investors and some government entities require ESG fo-
cused solutions. In this session, Railveyor will look at the questions of how 
open pit mine haulage could be different if it was all-electric without requir-
ing batteries or trolley assist infrastructure. What if didn’t produce dust or 
require water or graders to maintain the haul route? What if the haulage 
system was lightweight, scalable, and easily moved as the pit expanded? 
These questions and more will be explored so mining students and veterans 
alike can imagine an open pit mine of the future which can be realized today.

Evaluation of Mine Ventilation in Large-Opening Under-
ground Stone Mines through Field Studies
V. Gangrade and J. Addis; National Institute for Occupational Safety and 
Health (NIOSH), Pittsburgh, PA
Researchers investigated the unique ventilation requirements of two 
large-opening stone mines to help identify and evaluate the effectiveness of 
various fan types to improve the ventilation and air quality in the underground 
workplace. The flow characteristics of both vane-axial and propeller fans 
were investigated and tested at a large-opening mine to assess the effects of 
fan location on recirculation and entrainment. Researchers also carried out 
detailed Diesel Particulate Matter (DPM) surveys underground to identify ar-
eas of concern. The paper presents an evaluation of the ventilation systems 
and contaminant data from two mines and proposes engineering controls to 
improve mine ventilation.

Overconfidence on Ground Conditions, A Critical Factor In-
fluencing Historic High-Order Seismicity in Western United 
States Mines
H. Maleki; Maleki Technologies, Inc, Spokane, WA
The importance of adequate data collection, monitoring and prudent struc-
tural designs has been emphasized (Maleki 2018). One human factor not 
emphasized in the rock mechanics literature is the overconfidence on ground 
conditions based on short-term favorable experiences. While it is common 
to cite adverse geologic conditions in mining literature, good geology and 
rock mass conditioned are often welcomed without any need for scrutiny. 
Unfortunately having “too good of a geology”, creates false confidence in the 
short term but could possibly increase load transfer, and result in unplanned 
overburden collapse and seismicity. In this paper, two case studies of seismic 
events and contributing factors are analyzed using observations and analysis 
in coal and trona mines. Efforts to improve structural mine designs are de-
scribed leading to stable and productive operations following the high-order 
seismic events. These efforts included limiting large-scale room-and-pillar 
mining and utilizing properly designed longwall mining technique.

Development of a Wizard for a Boundary Element Software 
for the Implementation of Empirical Pillar Strength Equa-
tions in Stone Mines in the U.S.
R. Jimenez and I. Tulu; Mining Engineering, West Virginia University, West 
Virginia University, Morgantown, WV, US, academic, Morgantown, WV
Most of the underground stone mines in the United States make use of the 
room and pillar as the extraction method, and their security regarding ground 
stability is the main concern of research nowadays. With this study, a code 
is developed to implement and improve the existing methods and empirical 
equations for the design of stable pillar layouts in stone mines, applying 
numerical modeling with boundary element methods. A wizard is developed 
in order to make the numerical approach more functional, aiming to improve 
the in-situ user experience with the implementation of the models in the 
mining industry.

TUESDAY, FEBRUARY 28
MORNING

MINING & EXPLORATION: INNOVATION & 
TECHNOLOGY: APPLICATIONS OF DATA SCIENCE 
& MACHINE LEARNING IN MINING II

9:00 AM 
Chairs: E. Tarshizi, University of San Diego, San Diego, CA 
S. Tafazoli, Motion Metrics International Corp, Vancouver, BC, Canada

Introductions

Upscaled Mining Talent with Advanced Analytics
M. Sandin; Seeq Corporation, Seattle, WA
Mining and Metals companies must be aware of the demand pressures they 
experience and have clear strategies to comply in sustainable ways to sup-
ply the minerals they produce. Transformational changes will likely need to 
happen, like adding renewable energy to the operations, electing shipping 
methods to decrease fossil fuel consumption, and partnering across borders 
and industries to uptake circular economies. Although these measures have 
a significant impact, they are also the most expensive and harder to imple-
ment in the next quarter. Digital technologies, on the other hand, enable the 
subject matter expert at the mills or working remotely to significantly impact 
operations and save energy, water, and time necessary for compliance re-
porting. In this interactive session, we will cover how mining companies use 
multivariate regression models to build energy consumption models, how 
they use machine learning to create mineral recovery curves, and apply best 
practices for streamlining GHG emissions reporting that can be leveraged 
much more than only compliance.

Predictive Modeling of Uniaxial Compressive Strength of 
Cemented Paste Backfill Using Machine Learning Based on 
a Divide-and-Conquer Strategy
C. FAN, R. Singh and W. Liu; School of Mining and Petroleum Engineering, 
University of Alberta, Edmonton, AB, Canada
Cemented paste backfill (CPB) technology has become an environ-
mental and economical way to dispose of hazardous mineral tailings. 
The mechanical strength of CPB is of great interest to the mining in-
dustry as it is directly related to the stability of CPB backfilled in sub-
surface voids. However, it is demanding and costly to investigate 
the strength design of CPB through numerous mechanical experi-
ments. To improve strength design, this study built a novel divide-and- 
conquer-based (DCB) machine learning model to predict the uniaxial com-
pressive strength (UCS) of CPB. It incorporated multiple influencing variables 
related to CPB’s composites, tailing types, and curing time. A total of 361 
UCS tests were collected from the literature review for the dataset prepa-
ration. The results showed that the DCB model outperformed the commonly 
used machine learning models and provided accurate predictions of UCS. In 
addition, the DCB model provided a new approach to finding relationships 
between the UCS and its influencing variables more quickly and economi-
cally than the experimental approach. This will be helpful in advanced CPB 
design in the mining industry.



    |   TECHNICAL PROGRAM   32

TECHNICAL SESSIONS

Novel Data Processing to Complete Data Utilization at the 
Stillwater Complex, Montana
R. McKinley; Geology, Sibanye-Stillwater, Weltevredenpark, Gauteng, South 
Africa
The mining industry not only extracts precious metals from the earth’s crust, 
but also mines valuable data via diamond drill holes and sample assays. This 
includes geologic and geotechnical data that paints a picture of the under-
ground environment, prior to excavation. During the thirty-six and twenty-two 
years of operation at the Stillwater and East Boulder mines, respectively, 
over 60,000 drill holes have been logged and sampled. This amounts to 
the collection of tens of millions of data points including lithology, alteration/
structure, sulfide abundance, sample assay, and geotechnical data. All of 
this information is very costly to collect, and up until now, we were only 
able to model the lithology, assay, and geotechnical data. Novel processing 
and implementation of the alteration/structure, and sulfide abundance data 
is necessary to complete the picture of the underground environment. This 
was accomplished by utilizing a combination of geostatistical analysis and 
compositing of the diamond drill data. This is imperative in areas which lack 
adequate geotechnical information. Complete utilization of this extracted 
data is key to the optimization and safety of the mining process.

Self-Learning Mining Complexes - Mineral Value Chains: 
Concepts, Advances, Examples and Challenges
R. Dimitrakopoulos; McGill University, Montreal, QC, Canada
New digital technologies have enabled mining complexes to acquire infor-
mation on the performance of its different components and flow of materi-
als from mines to products. At the same time, existing current technologies 
cannot fully integrate such emerging digital information to adapt short-term 
production planning. A new self-learning framework for a mining complex 
that learns, from its own experience, to adapt short-term production sched-
uling decisions by responding to incoming new information is presented. 
Approaches are overviewed starting with early experiments based on the 
AlphaGo program, which is rewritten to continuously learn and adapt short-
term production schedules. This is followed by feeding uncertainty models 
to a neural network trained using a policy gradient reinforcement learning 
algorithm to adapt the short-term flow of materials from mines to process-
ing facilities. Last, an Actor-Critic reinforcement learning approach adapting 
short-term production scheduling, equipment allocation and material desti-
nation policies based on new incoming real-time information is presented. 
The self-learning framework is demonstrated using examples from a cop-
per-gold mining complex.

Recent Applications of Advanced Analytics for Mineral 
Processing
B. Schug1, R. Toro2 and K. Becerra3; 1Connected Industrials, Honeywell 
International Inc, Charlotte, NC; 2Honeywell International Inc, Charlotte, NC 
and 3Honeywell Automation and Control Solutions, Morristown, NJ
Today’s mining and minerals operations are challenged by operational com-
plexity, environmental concerns, siloed operations, and the need for sus-
tainability. Modern companies are striving for a more data-centric environ-
ment using operational intelligence to improve reliability and performance, 
streamline maintenance and worker productivity, increase safety, and reduce 
operational risk. The solution to smarter operations is using advanced an-
alytics in applications such as Advanced Process Control (APC) and Asset 
Performance Management (APM). Developments in artificial intelligence and 
machine learning are powering a transformation in operational excellence for 
ever-improving efficiencies. Companies are using such data analytics tech-
nologies to improve processes and overall equipment effectiveness. Learn 
about the latest trends in analytics through several example projects in the 
Americas. Advanced Analytics for intelligent APC and APM can help improve 
process stability, availability, safety, and profitability.

Automating Inventory Control Management Though LiDAR 
Volumetric Systems
J. Kenney and R. Costa; Mapping & Measure, Wingfield Scale & Measure, 
Chattanooga, TN
We will provide information and industry examples of the importance and dif-
ferences in bulk inventory measurements through traditional scale and sur-
vey methods. We will explore industry equipment and methods based around 
earth work industries that show the variability of measurement methods. With 
automation we will explain the evolution of Wingfield’s path in developing au-
tomation volumetric inventory systems with a specific focus on railroad open-
top hopper cars. Open-top hopper cars are used for gravel transportation for 
Titan America. Nicolas Polignan, Production Manager, will discuss the business 
case, issues, need, and develop of the automation of the Wingfield WingScan R 
System and how LiDAR automation is better tracking site inventory.

Improvement of Drilling and Blasting Through Optimization 
of the Explosive Energy Distribution
T. Letshwiti; Mining and Metallurgical Engineering department, University of 
Nevada Reno, Reno, NV
Drilling and blasting (DB) is critical to mining, and its execution affects the 
downstream processes. During a blast, explosive energy travels through the 
bench, it eventually reaches the bench face (BF) and some of the energy is 
reflected back into the bench and assist with more rock fragmentation. The 
best result of a DB program is an explosive energy distribution (EED) that 
results in the best possible rock fragmentation and limited environmental 
side effects. The BF is irregular which affects EED back into the bench. This 
research looks at using aerial drones and optimization models to come up 
with a process of drilling blastholes or loading explosives, that accounts for 
irregular BF to achieve the best EED. The first step is collecting data about 
the bench. The drone is equipped with cameras to capture accurate imagery 
of the bench and BF to create detailed 3D models. An optimization model 
based on machine learning algorithms will be built and trained with DB data 
to find a relation between the BF profile and blast outcomes. The optimization 
model should be able to detect how the BF affects the EED back into the 
bench and output predictions that can be relied upon by engineers

TUESDAY, FEBRUARY 28
MORNING

MINING & EXPLORATION: INNOVATION & 
TECHNOLOGY: SUCCESS STORIES OF MANAGING 
INNOVATION AND TECHNOLOGY DEVELOPMENT 
IN MINING AND EXPLORATION SECTORS
9:00 AM
Chair: M. Thyagarajan, Colorado School of Mines, Golden, CO  

Introductions

Uncertainty-Based Portfolio Management for MegaProjects 
using Stratalis’ SITA (Uncertainty Based Technology 
Management) at major mining companies
G. Hemingway; Columbia Business School Center on Japanese Economy 
and Business, New York, NY
A leading gold company was intent to implement a technologically inno-
vative alternative haulage project for one of the world’s largest mine ex-
pansions. Using a Proprietary SITA methodology developed to discover the 
often-ignored strategic uncertainties (Supply, Technological, Impact, Ability) 
that plague large industrial megaprojects and implemented at mining com-
panies worldwide, Stratalis discovered that the technological uncertainties 
assumed to be the most important were not as critical as supplier optionality, 
governance structure, and organizational technology strategy and structure. 
This discovery pivoted the company to a new mining method, and to a novel 
uncertainty and optionality-based approach to development, impacting the 
project path and company strategy. Stratalis will share this case study, as 
well as how this approach has helped some of the world’s largest miners to 
manage other high-uncertainty innovation in GHG transformation, tailings, 
seismicity and elsewhere.
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Development of Underhand Closed Bench (UCB) Mining 
Method for Proactive Control of Fault-Slip Seismicity at the 
Lucky Friday Mine
W. Johnson, M. Board, M. Armatys and C. Neville; Hecla Mining Company, 
Golden, CO
Hecla’s Lucky Friday silver operation in Mullan, Idaho, currently stoping at 
approximately 2300m below ground surface, is one of the deepest mines in 
the western hemisphere. Until 2020, the mine was using an underhand cut 
and fill method to extract near-vertical, narrow silver-lead-zinc veins. Due 
to the heavily-faulted nature of the rock mass and great depth, mining-in-
duced fault-slip seismicity posed a significant safety and production risk. 
Hecla has developed a new narrow-vein underhand longhole mining method 
termed “Underhand Closed Bench” or UCB mining. The intent of this method 
is to pro-actively trigger slip and seismicity on faults within close proximity to 
the stopes using large, down-dip longhole blasts. This paper describes the 
development of this method which, after 2 years of execution, represents 
nearly 90% of the mine production. The method has been very successful, 
not only inducing virtually all seismic events with the blast, but also signifi-
cantly reducing the overall seismic energy release and elimination, thus far, 
of damaging events. Also, the production at the mine is up significantly, with 
tonnage increasing over 40% since full implementation.

Application of a Tech Innovation Model for the Mine of the 
Future: Bridging the Gap Between Theory and Practice
A. Xenaki2, A. Nieto3, E. Laporte2, J. Castillo Gomez1 and O. Velasquez2; 
1International Group, RESPEC Inc, Rapid City, SD; 2M&E Mining Internation-
al, RESPEC Inc, Lexington, KY and 3Mining Technology and Research Center, 
FLSmidth and Co A/S, Midvale, UT
It is particularly challenging for the mining industry to create and implement 
an efficient and adaptable mining innovation model to secure the continuous 
improvement of processes and products via technology. Human resource 
departments must play a vital role in shifting the mining culture, enabling 
these new classes of digitally skilled professionals to manage the mining op-
erations of the future. This paper proposes the implementation of a concept 
based on the 5S mining innovation model (Nieto, 2019), in a coal mining 
project in Central Asia. Practical and empirical evidence suggests that the 
model could serve as a roadmap to developing technologies and methods 
for the mines of the future.

Techno-economic Assesment of Hydraulic Bore Hole Min-
ing at the Gahcho Kué Mine, NWT, Canada
L. Fusciardi1 and J. Rostami2; 1Derryville Consulting, Thornhill, ON, Canada 
and 2Mining Engineering, Colorado School of Mines, Golden, CO
Hydraulic bore hole mining (HBHM) can extract kimberlite below existing 
open pit workings using water jetting technology in deep bore holes to cut 
rock and to pump the resultant slurry to the surface for processing. The Gah-
cho Kué open pit diamond mine is owned by De Beers Group and Canadian 
company, Mountain Province Diamonds. The mine is located in the Canadian 
arctic north of Yellowknife, NWT. Known kimberlite extends below the current 
planned open pit and an underground extension is not currently planned. 
The HBHM technique was examined as a means of extracting kimberlite 
from below the open pit prior to the end of mine to capitalise on shared 
overhead costs. The work involved collaboration by De Beers, the Gahcho 
Kué site team, the Colorado School of Mines (CSM) and HBHM experts, Kin-
ley Exploration. The study inclucded a detailed testing program by the CSM, 
mine planning for this unique application, geotechnical stability modelling 
by Golder consutants, engineering design and costing, identifying, and un-
blocking operational constraints and economic modelling. The presentation 
will show the methodology followed and provides lessons learned from this 
innovative mining technique.

Remote Assitance for Construction and Startup
j. knick; Construction, Bechtel Corporation, Reston, VA
The Pandemic condition imposed several restrictions and challenges to 
projects regarding mandatory site visitors or inspections, leading to severe 
schedule impacts if not performed. At the Teck Quebrada Blanca Phase 2 
project site, our team managed these challenging times by using Remote 
Assistance a suite of processes, procedures, and tools (hardware and soft-
ware) to mitigate and minimize the impacts. Remote Assistance reduced the 

need for deploying off-site personnel, with the positive consequences of cost 
reduction, productivity and safety improvement, while keeping the projects 
schedule.

Performance Evaluation of the 12HM46 Titan Continuous 
Miner for Increased Production and Optimized Automated 
Cutting Cycles in a Canadian Industrial Minerals Applica-
tion
M. Jennings and M. Burich; North American Region & Global Mining 
Solutions, Kabushiki Kaisha Komatsu Seisakusho, Minato-ku, Tokyo, Japan
Industrial mineral mining applications require mining machines with the 
capability to cut minerals that are very resistant to cutting. The 12HM46 
Titan was engineered to operate with 820kW total gear case power, in-
creased machine weight, larger diameter cutterhead, and the ability to per-
form autonomously. The first of these machines has been operating in a 
Canadian underground salt mine since 2020. During 2022-2023, in-depth 
cutting cycle analyses were performed to document and evaluate several 
key performance indicators – depth of sump, sump rate, shear rate, and 
cutterhead raise rate in both manual and autonomous cutting scenarios. 
Data recorded on the machine during the evaluation was downloaded and 
utilized to determine machine parameters and settings for correlation to the 
observed cycles. Baseline performance was determined for both manual and 
autonomous cycles and was utilized to target a range of parameters and 
settings that would be changed to optimize the overall cycle and improve 
the autonomous programing. Additional cycle analyses were performed to 
validate machine performance after engineering changes to the 12HM46 
Titan were made.

Improving Process Uptime and Production Throughput 
Using State-Based PID Controller Analytics
B. Rice1 and D. Johnson2; 1Control Station, Inc., Manchester, CT and 
2Newmont Corporation, Greenwood Village, CO
Control loop performance monitoring (CLPM) solutions are used by leading 
mining operators to proactively identify and isolate underperforming control 
loops. Whereas most CLPM solutions generate analytics based on a single, 
generic state of operation, a new breed of CLPM solutions detail the perfor-
mance associated with each of a process’ many and unique states. Using 
state-based analytics and an innovative measure of PID availability, CLPM 
solution users can improve process uptime and production throughput which 
are critical to profitable mining operations. This presentation explores the ap-
plication of CLPM solutions within the mining industry in general and across 
Newmont’s facilities in particular, and it distinguishes recent innovations in 
state-based control loop analytics from traditional monitoring capabilities. 
Industry case-studies are included.

A Digital Twin Approach to Small-Scale Mines
J. Park; Mineral Exploration and Mining Research Center, Korea Advanced 
Institute of Science and Technology, Daejeon, Daejeon, Korea (the Republic of)
A digital twin is defined as a virtual replica of a real-world system. The digital 
twin is an aggregation of smart mining technologies and consists of three as-
pects: physical entities, virtual entities, and data connections. The digital twin 
provides real-time access to the mine sites via virtual entities and enables to 
have decision-making processes and more sophisticated strategic planning. 
Large-scale mining companies have adopted smart mining technologies and 
accumulated data for a long time. They have a relatively lower hurdle to 
adopting the digital twin technology. However, small-scale mining companies 
have not been afforded to purchase high-tech smart mining systems due to 
the limited budget and engineering capacity. Most of the mines in South Ko-
rea are small-scale, and the approach to smart mining applications is quite 
different from global mine majors. This study introduces a low-cost approach 
to a digital twin system for one of the iron ore mines in Gyeonggi province. 
The digital twin technology includes 3D localization, an integrated database 
system, and 3D evolving mapping.
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TUESDAY, FEBRUARY 28
MORNING

MINING & EXPLORATION: MANAGEMENT: 
PARENTAL LEAVE AND FLEXIBILITY IN MINING

9:00 AM
Chairs: J. Haarala, Haarala Mining, Herriman, UT 
T. Faiman

Introductions

Being a Father and a Miner
D. Dwyer; SSR Mining Inc., Elko, NV
This presentation will describe my career in the mining industry and the 
challenges faced raising kids with a miner’s schedule and commute. I will 
provide some context to the challenges, how my family overcame them and 
what are some things I am doing now since I am in a role to have influence 
over creating solutions to those challenges. There is still a lot of room for 
improvement, but we just need to keep heading in the right direction.

People First | Rio Tinto’s Modern Approach to Parental 
Leave
K. Robertson; C&D, Rio Tinto, Draper, UT
Rio Tinto is committed to attracting, engaging, and retaining a skilled and 
diverse workforce. We recognize the importance of family friendly practices 
and flexible work programs to ensure our employees are supported by the 
business while they respond effectively to the evolving changes and de-
mands of their personal and family lives.

Reconciling Family and Career in German Mining
A. Binder1, N. Schaffel-Mancini2 and O. Langefeld1; 1Department of 
Underground Mining Methods and Machinery, Clausthal University of 
Technology, Clausthal-Zellerfeld, Germany and 2Equal Opportunities, 
Technische Universitat Clausthal, Clausthal-Zellerfeld, Niedersachsen, 
Germany
Several Sustainable Development Goals (SDG) defined by the United Nations 
can be supported when women and men have equally the possibility to work 
and care for the family at the same time. Flexible and reliable solutions for 
both sides, increase the attractiveness of employers. Hence, all employers 
related to Mining need to emphasize the topic to succeed. The approach 
chosen depends highly on the local legal requirements and organization-
al policies. Nevertheless, the common motivation and challenges make an 
exchange of experiences valuable for all sides. In the presentation, a young 
mother and mining engineer in academia shares her experiences and intro-
duces the German systems and the implementation at her university where a 
priority for reconciling family and career is set. Furthermore, the presentation 
names challenges and perspectives in terms of Mining and its special fea-
tures as a working field.

Review of Parental Leave Practices in the Global Mining 
Industry
S. Martens; Brooks & Nelson LLC, Durango, CO
In the mining industry, parental leave is not a uniform benefit, and it often 
widely varies by the jurisdiction in which the company operates. Major min-
ing companies operate in over a dozen countries across multiple continents. 
In many instances, parental leave is not a legal requirement and leave pro-
grams offered between jurisdictions is not consistent. Often, the specifics 
of parental leave benefits fall to individual companies. Research into major 
global mining companies and primary operating regions provides insight into 
the differing parental leave practices throughout the global mining industry. 
This research includes analysis of major global mining companies and their 
main operating locations, internet content, and benefit information reviewed 
to provide specifics on leave programs offered. The examination and un-
derstanding of varying parental leave practices across the mining industry 
informs us that parental leave programs continue to evolve as employment 
laws change and companies adapt to both legal requirements and providing 
a better work life balance for their employees.

TUESDAY, FEBRUARY 28
MORNING

Mining & Exploration: Operations: Carbon Management: 
Electric truck technology and Current Renewable Energy 
Projects

9:00 AM
Chair: Z. Khademian, National Institute for Occupational Safety and 
Health Pittsburgh Research Laboratory, Pittsburgh, PA 

Introductions

Hydrogen: Preparing for the Journey
D. McLane and M. Reusser; Mining, Burns & McDonnell, Kansas City, MO
Hydrogen use is new to the mine site, but it is not in the larger industrial 
industry space. Hydrogen has been common in the oil, gas, and chemi-
cal industries for decades showing up manufactured product, biproduct, or 
key ingredient for many products. This presentation will discuss hydrogen 
production, storage, equipment fueling, power generation, risk, challenges, 
and impact on scope 1 & 2 greenhouse gas emissions. Insights from the 
industrial space will be shared, along with key considerations for the future 
of hydrogen use in mining.

Materials Transport: Racing To Net Zero
A. Bieg; Warm Springs Consulting, Boise, ID
As the world progresses toward renewable energy, the demand for minerals 
increases exponentially. According to the IEA 2021 Net Zero by 2050 Report, 
critical mineral production needs to grow six times in order to meet this de-
mand. The need for raw materials used in solar, wind, and EV infrastructure 
already is causing an increase in mineral prices. At the same time, mounting 
pressure on the mining sector has pushed the largest companies to com-
mit to net-zero carbon emissions. But how do we get there? Warm Springs 
Consulting (WSC) developed a study (published in April 2022) that com-
pares seven different haulage systems on cost and greenhouse gas (GHG) 
emissions. This presentation provides an overview of how to use these cost, 
energy, and GHG emissions factors in planning and operations for unique 
mine sites. We will also discuss the commercial readiness of technologies in 
development as well as new financing options available for low-carbon tech-
nologies. Additionally, we will share case studies where these technologies 
have been evaluated and implemented, showing what affordable low-carbon 
haulage and onsite renewable power generation look like in various terrain 
and climates.

Underground Energy and Water Storage – a Sustainable 
Energy Transition Approach
S. Nowosad and O. Langefeld; Institut of Mining, Technische Universitat 
Clausthal, Clausthal-Zellerfeld, Lower Saxony, Germany
Pumped storage power plants are one of the options to store the fluctuat-
ing production of electric energy from renewable sources in a sustainable 
manner and is able to provide Europe with the opportunity to overcome the 
effects of climate change. Due to extensive land use required when planning 
the water dams, several projects have been declined after social conflicts 
raised. After flooding and drought periods in the recent years and the country’s 
need to decrease its dependency on energy and water supply, it has become 
clear that the implementation for water reservoirs has to increase in the future, 
whether above ground or underground. Furthermore, Sweden is as well de-
veloping studies and solutions to bring this concept soon to reality in Europe. 
The presentation shows the systematic approach for planning and designing 
underground cavities for water reservoirs as a sustainable energy transition ap-
proach and a climate change response used in the “Energy and Water Storage 
Harz” (EWAZ) research project. Likewise, the results of the evaluation of the 
effect of the selected underground and surface infrastructure onto the current 
water management system in the region will be presented.
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Operating Energy Efficiency is Not Greenwashing.  
A Review of Mine Energy Saving Measures
J. Fisher and D. Welch; Stantec, Tempe, AZ
Traditional mine design is focused on the optimization of material handling, 
not the efficient use of energy. Designing for energy efficiency is needed for 
mine survival, due to increasing energy costs, increasing operating costs 
and to achieve sustainability goals. Operationally, this requires a change in 
approach and clarity of purpose. Energy reduction is one part of this, but 
the greater issue is not just “using less” but efficiently doing more with less 
resources, by utilizing more efficient methods. A systematic approach to in-
creasing performance and efficient energy use can produce large benefits, 
economically without extreme measures. This is not greenwashing, it is best 
practice. Too often, short term production-driven decisions result in ineffi-
cient processes that remain in place to institutionalize the inefficiencies. This 
paper reviews energy efficient and reduction methods for many common 
mining processes.

Geothermal for Abandoned Hardrock Mines
L. Dunnington; United States Environmental Protection Agency, Washington, DC
Many active and abandoned mines are located in remote regions, set apart 
from energy sources, population centers and infrastructure, rendering nec-
essary remediation efforts in these areas slow-moving, expensive and in 
many cases space intensive. The primary demand from the industry and 
the government for these sites is a passive system that utilizes locally avail-
able and cheap material. Often the geothermal gradient available in mines, 
or the corresponding geothermal reservoir conditions proximal to the mine, 
is a viable heat energy source that can provide advantageous temperature 
conditions for established remediation techniques, namely bioremediation, 
which can run on diverse, inexpensive, and locally available material. Al-
though geothermal direct use and bioremediation are proven technologies 
when practiced independently, the combination is not straight forward. The 
presentation will address the chemical, thermal, hydrological and biological 
intricacies of this process and its promise for providing relevant remediation 
to abandoned metal mines in remote regions.

Direct Air Capture Opportunities for the Clean Energy 
Demonstration Program on Current and Former Mine Land
H. Breunig, E. Gasperikova, P. Dobson and Y. Zhang; E O Lawrence Berkeley 
National Laboratory, Berkeley, CA
The Bipartisan Infrastructure Law has authorized the Department of Energy 
to develop a program to demonstrate the viability of clean energy projects 
on active and legacy mine land in the US. One of the possible types of clean 
energy projects described in the bill is carbon dioxide (CO2) direct air cap-
ture (DAC). DAC systems require significant amounts of land and energy to 
separate CO2 out of ambient air at meaningful scales, as well as options for 
permanent CO2 storage. While DAC units have yet to be deployed on mining 
lands, there are several reasons why this type of clean energy project could 
result in low costs of greenhouse gas reduction. First, operation of DAC using 
geothermal energy has been demonstrated, suggesting co-development of 
geothermal and DAC on mining lands may be viable. Second, regional se-
questation options may be available, ranging from geologic inject of CO2, to 
the treatment of mining wastes such as alkaline tailings with CO2 for perma-
nent storage. We will present a series of case studies that demonstrate the 
opportunities and challenges of deploying DAC on mine land, from permitting 
to completion.

Safety Isn’t Only Cell-Deep: Updating the Safety Mindset 
After 10 Years of BEVs Underground
C. Kincaid; Underground, Epiroc Rock Drills AB, Orebro, Sweden
A decade has passed since the first Battery Electric Vehicle (BEV) began 
operating underground. Since then, the underground mining industry has 
made significant leaps toward electrification—both in the development and 
adoption of BEV technologies. The trajectory of BEVs is promising, but de-
spite early success, adoption of BEVs still faces significant obstacles. Chief 
among these is uncertainty surrounding the safety of BEVs for underground 
mining applications. Following several catastrophic lithium battery failures 
in other industries, operators are understandably cautious about bringing 
new technology, with new risks, into the mining environment. To address 
these concerns, we review the history and key aspects of BEV safety in un-

derground mining: where did we start, where are we 10 years later, and 
where are we going next? We will break down the risks of BEVs and how 
different systems address those risks. We also consider the safety of support 
infrastructure such as charging, storage, and swapping stations. We will re-
view the upcoming advancements in BEV safety for underground mining and 
conclude by providing a framework for conceptualizing and discussing BEV 
safety going forward.

TUESDAY, FEBRUARY 28
MORNING

MINING & EXPLORATION: OPERATIONS: MINE 
PLANNING AND OPTIMIZATION II
9:00 AM
Chair: O. Gastelum

Introductions

How Many Pushbacks Do We Need for Each Pit?
A. Ebrahimi; Mining, SRK Worldwide, Vancouver, BC, Canada
Pushbacks are mainly designed to have quick access to the high-grade 
zones of the deposit to improve revenues in the early years as much as pos-
sible and to reduce the risk of investment. Mining using pushbacks provide 
a safety zone for the projects so that when the market is not favourable, the 
operation could be aborted with minimum loss. In theory, maximizing the 
number of pushbacks will help boost the economics of the project. However, 
due to operational and economical constraints there is a limited number of 
pushbacks that we can realistically select for the life of mine. Mine designs 
often contain too many pushbacks. Although they provide quick access to 
high-grade ore, they are not executable and eventually are mined together. 
It is important to know that pushbacks are effective only if the number of 
active pushbacks in each period is limited. Parameters to consider when 
selecting the number of pushbacks are, the life of mine, shape of orebody 
and grade distribution, smooth and realistic strip ratio throughout the mine 
life, if applicable the interaction with the underground operation, safety, and 
the minimum mining width.

Optimization Approach for Sensitivity Analysis of the Final 
Pit Design Through Consistency of the Revenue Factor
Y. Mamani2 and V. Tenorio1; 1Mining and Geological Engineering, University 
of Arizona, Tucson, AZ and 2Ingeniería de Minas, Universidad Nacional de 
San Agustin de Arequipa, Arequipa, Arequipa, Peru
This project considers the valuation analysis of the economic boundaries 
for different models under the same adjusting parameters, as well as the 
utilization of computerized optimization tools, such as Whittle, NPV Scheduler 
and Pit Optimizer, and Doppler for spectral analysis, for the definition of the 
Final Pit using geometric and economic parameters, definition of phases, 
and Mine Plan generation, for the sequencing of blocks through price varia-
tion using the Revenue Factor for economic profitability in an Open Pit mine 
located in the Central Andes of Peru.

Precedence Constrained Production Mixed Scheduling in 
NPV Analysis for Open Pit Long-Term Planning
Y. Mamani2 and V. Tenorio1; 1Mining and Geological Engineering, 
University of Arizona, Tucson, AZ and 2Ingeniería de Minas, Universidad 
Nacional de San Agustin de Arequipa, Arequipa, Arequipa, Peru
The formulation and Integration of Precedence Constrained Production 
Mixed Scheduling (PCPMS) allows the determination of an optimized se-
quence in block extraction for maximizing the discounted value and Return 
of Investment (ROI), bound to constrains and operational factors, as well as 
the destination of blocks derived from each extraction polygon. Additionally, 
associated considerations to opportunity cost are presented for Long-Term 
Planning of a Large Scale Open Pit mine.
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Application Of Analytics in Optimizing Mine Production 
Plans and Integrating Financial Modeling in Executing 
Operational Decisions
E. Koc; airth.io, Tucson, AZ
Airth is a vendor agnostic data and analytics company in the mining industry 
with five actively implemented products: Plan, Connect, Act, Finance, and 
Manage aimed at improving operational sustainability and productivity gains 
with a forward-looking approach. At its core, Airth has built products by in-
tegrating advanced analytics and financial modeling to deliver tailored rec-
ommendations for clients. This paper will discuss integrating real time mine 
and processing data to reduce production wastages through a combination 
of operational data with analytics and financial modeling to bridge the gap 
between execution and optimized delivery. With the increased availability of 
real-time data from mine equipment and processes, it is imperative to join 
operational data with financial inputs in daily planning. Operational value is 
gained by developing a robust planning process with these inputs. Airth Con-
nect, Plan, and Finance conjoin to facilitate this integration to perform finan-
cial evaluations of a mine plan on the fly. With a forward-looking approach, 
analytics are also built and added as an input to a mine plan which allows 
engineers to make optimal recommendations at the right time.

Optimizing Mine Evacuation Using Mixed-Integer 
Programming
F. Asare, P. Augustine and J. Sattarvand; Mining and Metallurgical 
Engineering, University of Nevada Reno, University of Nevada Reno, Reno, 
NV, US, academic, Reno, NV
One of the most critical aspects of a mining operation is the safe evacuation 
of miners within the shortest possible time during an emergency. Mine evac-
uation requires using available mine resources to safely relocate miners from 
unsafe areas to safe areas during mine emergencies. Despite advancements 
in mine evacuation research, limited research has been made in incorporat-
ing mine vehicles during evacuation. Current research mainly focuses on 
miner evacuation by foot. To minimize overall travel time during an evacua-
tion, available mine vehicles, relative miner locations, refuge chambers, and 
fresh-air bases must all be considered to develop an optimal evacuation 
mode for each miner. This research aims to optimize the mine evacuation 
process using mixed-integer programming by incorporating available mine 
vehicles. The methodology seeks to reduce the overall travel time for miners 
during emergencies, and ensure the safety of miners and the entire mining 
operation.

Development of a Calculation Tool for Planning and Cost 
Calculation of Underground Mines
F. Günther and H. Mischo; Chair for Underground Mining Methods, TU 
Bergakademie Freiberg, Freiberg, Sachsen, Germany
Calculating the costs of an underground mine, and also planning the equip-
ment and materials to be used, is a complex and time-consuming process. 
The calculation depends on a large number of parameters and the mining 
processes are all interconnected. If individual parameters are changed, a 
complete recalculation of the mine is often necessary. Therefore, a tool was 
developed that allows an automated calculation of a new underground mine 
and a comparison of the effect of the change of individual parameters. The 
underlying concept of the calculation tool is presented.

Short-Term Planning of Open Pit Mines with Semi-Mobile 
In-Pit Crusher
N. Habib1, H. Askari-Nasab1 and E. Ben-Awuah2; 1Civil and Environmental 
Engineering, University of Alberta, Edmonton, AB, Canada and 2Science, 
Engineering and Architecture, Laurentian University, Sudbury, ON, Canada
Open pit mines are getting deeper and transportation expenses are increas-
ing because of the increasing haulage distance. In-pit crushing and convey-
ing (IPCC) is getting popular in deeper open pit mines as a suitable alterna-
tive because it offers a lower operating cost due to shorter haulage distance 
and truck requirement. Semi-mobile IPCC, currently the most popular IPCC 
system, is relocated every two to five years and the short-term plan needs to 
be updated based on the relocation. To the best of our knowledge, hardly any 
short-term planning model can generate short-term schedule considering 
an IPCC in place. This research work proposes a mixed integer program-
ming model to generate short-term production plan within a time horizon 

of 12 months. The objective of the model is to optimally allocate shovels 
to minimize cost of material movement and maximize revenue subject to 
meeting plant requirement, maximum allowable tonnage variation and IPCC 
location constraints to achieve required production and NPV targets set by 
strategic plan. The proposed model will be implemented in a case study in 
a hypothetical mine for validation. The model will be developed and solved 
using MATLAB.

TUESDAY, FEBRUARY 28
MORNING

MPD: COMMINUTION I
9:00 AM 
Chairs: E. Kaykay
B. Zhang, Derrick Corporation, Buffalo, NY

Introductions

Failure Analysis of Large Castings Used in Mineral Ore 
Processing
D. Demiglio; ME Global, Minneapolis, MN
A wide range of iron and steel liner castings (≤12 tons) are used to process 
mineral ores by primary/secondary crushing, semi-autogenous grinding 
(SAG) and ball milling. Case histories will be presented on large white iron 
and alloy steel castings that either fractured prematurely or did not perform 
as designed during mineral ore processing. Tools and techniques commonly 
associated with metallurgical failure analysis are discussed as they relate 
to the examination of large castings. Lessons learned from each case his-
tory were used to identify possible ways to avoid future failures. Experience 
gained by proper investigation is useful for conducting more timely and rel-
evant failure analysis work.

The Effects of Discharge Design on Wet Ball Milling 
Performance
R. McIvor and S. Makni; R&D, COREM, Quebec, QC, Canada
Grate discharges historically outnumbered the overflow type in industrial wet 
ball milling. Overflow discharge mills now dominate. Corem has carried out 
an investigation of their comparative performances. Information was collect-
ed from numerous plants, and test work in the literature, that reported on 
utilizing both or on conversion from one discharge design to another. Where 
the data made it possible, the Functional Performance Equation was used 
to separate circuit classification from mill grinding effects. Batch tests were 
conducted in a pilot torque-metered mill at different slurry levels, and an-
other pilot plant ball mill was operated continuously with different discharge 
designs. This paper presents the outcome of these investigations.

Reducing Energy Consumption, Increasing Wear, 
Maximizing Output by Producing Wear Parts with New 
Alloys or Combining Traditional Alloys and Ceramic 
Materials
T. Veneroso; Executive Suite, Am Cast Inc, Bohemia, NY
Mining uses a fraction of the land used for agriculture and is part of the re-
newable solution; however, mining uses 2 to 3% of the world’s electricity for 
comminution alone. There are many compelling reasons why comminution 
has to be more efficient. Material science applied in crusher and grinding 
wear parts manufacturing can reduce energy consumption in crushing and 
grinding operations. Wear parts (for example, bowl and mantels for pebble 
crushers or jaw plates for jaw crushers or mantels and concaves for gyrato-
ries and rollers for high-pressure grinding rolls) can be manufactured using 
new alloys or a combination of new alloys and ceramic materials. Wear parts 
made with new material science inventions can preserve original dimensions 
and angles during the wear mechanism. A crusher with a dimensionally con-
sistent crushing chamber will increase productivity and reduce energy con-
sumption by allowing a better flow of material and optimal crushing dynam-
ics. This paper describes the advantages of using non-traditional alloys (or 
ceramic and alloy combinations) to produce wear parts used in comminution 
through literature review and case studies.
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Quantifying SAG Mill Liner Survivability and Wear Life
A. Saxena and Y. Yang; Technical Department, ME Elecmetal, Maple Grove, MN
SAG mills are designed to run with up to 95% mill availability. This can 
only be achieved if unscheduled downtime due to mill liner/bolting failures 
is eliminated and the time span between liner replacements is maximized. 
There are two mechanisms that may affect mill liner survivability and life: 
fatigue crack propagation in mill liners/bolts and wear resistance of steel 
alloys. In high cycle fatigue analysis, S-N or E-N curves of alloys are com-
monly used to predict failure cycles. The authors are proposing the concept 
of damage rate index to measure the life span of a mill liner inside a SAG 
mill by combining it with the DEM simulations which calculates the frequency 
and impact forces on the liners. In a set of simulations, the analysis shows 
the damage risk is the highest at the beginning few months of campaign. As 
the liners get worn off, the magnitude and frequency of impact substantially 
reduces. In another set of simulations, the effect of charge level (both Jb and 
Jc) is analyzed. In another set of simulations, DEM analysis is used to predict 
wear life of new designs of shell liners by benchmarking the wear tracking 
report data on existing shell liners with good accuracy.

Extensive Validation of a New Rock Breakage Test
M. de Paiva Bueno1, T. Almeida2 and M. Powell1; 1Sustainable Mining 
Institute, The University of Queensland, Saint Lucia, QLD, Australia and 
2Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil
One of the biggest challenges when extracting mineral resources is to mea-
sure the variability of the mineral body prior to processing. Comminution is 
the most power-demanding stage, and the lack of geometallurgical test-
ing, often for financial reasons, may result in an inefficient operation. The 
Geopyörä Rock Breakage test was developed with the objective of making 
mineral variability data more accessible by providing both standard commi-
nution parameters and rock mechanical properties at low cost and with a 
modest sample size, allowing a larger number of samples to be tested to 
reduce uncertainties and assure productivity. The objective of this paper is 
to present the results of an extensive validation of this new rock breakage 
method against two of the main tests currently in use, namely the SMC® 
and Bond ball mill work index tests. More than 100 samples have been test-
ed and the results compared, showing that the new method can accurately 
estimate the parameters of the traditional tests. This confirms that the new 
test is a reliable tool for comminution and geometallurgical tests.

Molecular Dynamics Simulation of Forsterite and 
Magnesite Mechanical Properties: Effect of Carbonation on 
Comminution Energy
A. Talapatra and B. Nojabaei; Mining and Minerals Engineering, Virginia 
Polytechnic Institute and State University, Blacksburg, VA
Mineral carbonation contributes in CO2 reduction, and it may also reduce 
the cost of mineral processing through improving the mechanical properties 
of rock/ore. Here, we study and compare the mechanical properties of two 
minerals, forsterite (Mg2SiO4) and magnesite (MgCO3) using molecular dy-
namics (MD) simulation. Crack propagation and stress-strain behavior of the 
rock will be computationally examined. Forsterite is the main component of 
olivine, and magnesite is the resultant mineral after carbonation of forsterite. 
The goal is to understand whether carbonation results in hardness reduction 
of rock and subsequently comminution energy during crushing and process-
ing the ore.

Simulation of Size Reduction Using the Discrete Element 
Method with a Pracitcal Embedded Breakage Model
L. Tavares, V. Rodriguez and G. Barrios; Metallurgical and Materials Engineering, 
Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil
The discrete element method (DEM) has been successfuly applied in the 
simulation of granular material flow. However, the intense development of 
computing technologies, coupled to state-of-the-art simulation softwares 
and practical models describing the various aspects of particle breakage, 
have made it possible to simulate comminution machines such as crushers. 
The present work describes a strategy for describing breakage of particles 
inside the DEM environment that has been implemented in the commercial 
softwares EDEM (Altair) and Rocky (ESSS) using spherical and polyhedral 
particles, respectively. The work briefly reviews the breakage model imple-
mentation, besides case studies of its application to describe size reduction 

in selected comminution machines, namely, cone crushers and high-pres-
sure grinding rolls. It shows that the model already allows describing several 
aspects of these operations with very good confidence, namely throughput 
and power, while reasonably good results were obtained when comparing 
measured and predicted product size distributions.

TUESDAY, FEBRUARY 28
MORNING

MPD: FLOTATION: FLOTATION CHEMISTRY AT 
OPERATIONS
9:00 AM
Chairs: L. Alagha, Rolla, MO 
A. Eskanlou, The Pennsylvania State University, State College, PA

Introductions

Application of DP-OMC-1127 as an activator for Flotation 
of Gold-Silver Minerals Luciano Bertinelli*, Edgar 
Blanco*BASF Flotation North America
E. Blanco; BASF SE, Ludwigshafen, Rheinland-Pfalz, Germany
During the milling stage, iron hydroxide species are formed, and these in-
hibit the ability of collectors to adsorb on these mineral surfaces in subse-
quent flotation stages. This phenomenon inhibits recovery of these sulfide 
minerals. BASF has developed and patented this new polymeric reagent to 
restore the floatability of gold and sulfide particles in alkaline flotation cir-
cuits. The chemistry of DP-OMC-1127 is based on ethylenimine and N-car-
boxymethylated functional groups. BASF has tested DP-OMC-1127 onsite, 
at bench-scale, upon ores of various mines throughout North America that 
host important amounts of precious metals, significantly enhancing recov-
ery by 2-7% (absolute percent) in Au and Ag values, without detriment to 
selectivity for these metals. As a gold activator, DP-OMC-1127 was found to 
provide flotation performance that differed significantly from traditional pre-
cious metal collectors. KEYWORDS Ethylenimine, flotation, recovery, grade

A Novel Depressant, AERO SR-7480, for Cu-Pb Separation 
Process
A. Sanchez, A. Santana and E. Arinaitwe; Mining Solutions, Cytec Industries 
Inc, Atequiza, Mexico
The processing of polymetallic ores such as Cu-Pb-Zn or Pb-Zn with penalty 
amounts of Cu is challenging due to the difficulty in separating the various 
sulfides from each other. Judicious use of selective depressants is critical in 
order to achieve high separation efficiency. Many plants implement Cu-Pb 
separation in two ways: a) using depressants such as sulfites, SO2, starch, 
dextrin, CMC, dichromate to depress Pb and float Cu, or b) using cyanide 
to depress copper and float Pb. Both options have drawbacks. In option 1, 
depressant solutions have to be carefully prepared daily in order to minimize 
variability in the process. Dichromate is quite effective but it is highly toxic. 
The use of cyanide in option 2 presents several SHE hazards and also usually 
results in Cu concentrates with low grades (~16-19%). Recently, Solvay has 
developed a novel depressant, AERO SR-7480, to address these drawbacks. 
It is safer to handle compared to cyanide or dichromate. Plant data on vari-
ous polymetallic ores show that AERO SR-7480, when used with sulfites to 
modify pH, can boost the economics of Cu-Pb separation by improving Cu 
grade and recovery, maintaining Pb recovery, and improving Pb grade.
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A Novel Cu Sulfide and Pyrite Depressant as a Safer and 
Efficient Alternative to NaSH in Cu-Mo Separation
E. Arinaitwe, A. Santana and G. Alanis; Mining Solutions, Cytec Industries 
Inc, Atequiza, Mexico
In Cu-Mo separation, Cu sulfides and pyrite are depressed using inorganic 
reagents such as NaSH and Nokes while floating molybdenite selectively. 
However, these depressants have serious safety hazards due to potential for-
mation of toxic H2S. Solvay previously introduced AERO® 7260 HFP depres-
sant several years ago as a safer alternative to NaSH. This technology is in 
commercial use globally, but it is only able to replace up to 60% of the NaSH. 
Solvay’s latest innovation is AERO® NR-7361 depressant, which replaces 
70-100% of the NaSH. This technology is chemically stable and safer to ap-
ply under a wide pH range, with air or nitrogen, without concern for product 
degradation or H2S formation. This paper presents results of commercial 
application of AERO® NR-7361 at a large Cu-Mo plant in North America, 
which achieved 100% NaSH replacement at an overall consumption in the 
range of 1-2 kg/t compared to >10 kg/t NaSH dosage. Metallurgical results 
indicated that AERO® NR-7361 provided advantages in terms of better Cu 
and Fe depression resulting in higher Mo concentrate grades, more efficient 
removal of Pb impurities from the final Mo concentrate, and overall stable 
Mo plant operation.

SmartFloat: Bringing AI to the Flotation Reagent World
N. Renaud, J. Garnier and T. Bhambhani; Solvay USA Inc, Stamford, CT
Most flotation plants use a static reagent scheme, i.e. a set combination 
of collectors, frothers and modifiers. This scheme is usually developed and 
refined over time to deliver reasonable (not optimized) performance when 
the major ore types are feeding the plant. However, when ore types or min-
eralogy coming to the plant change substantially (and this often happens as 
different areas of the pit(s) are mined and crushed at the same time), there 
are upsets in the process, typically leading to lower recoveries. Adapting to 
this variability is challenging without timely information/data on the specific 
conditions (ore type and/or mineralogy changes). The premise for SmartFloat 
is that the reagent suite needs to be dynamic, adapting to ore type, miner-
alogy, and operating conditions. Solvay has combined advanced analytics 
and data science techniques to its expertise in flotation reagent chemistry 
to systematically achieve the above, automatically and in real time. It also 
means that a SmartFloat controlled process provides operations the best 
chance of achieving multiple concomitant metallurgical and economic goals, 
i.e. optimal throughput and recoveries at the target metal grade.

Pyrite Depression with Sustainable BioPolymer Pionera F-250
T. Myers, R. Ellis and T. Stauder; Pionera, Henderson, NV
Controlling pyrite is key to processing sulfide minerals by flotation. Prevent-
ing pyrite flotation whilst recovering the valuable base metal sulfide is chal-
lenging due to the similar surface chemistry of the minerals. This is further 
complicated by galvanic interactions between pyrite and other metal sulfides, 
and by pyrite activation by ions. Deteriorating grade and increasing complex-
ity of available sulfide ores makes pyrite control ever more challenging. The 
use of biopolymers has shown to be an effective solution to improve pyrite 
depression and to improve both grade and recovery of value metals. This 
paper will explore the eEvaluation of different biopolymer-based depressants 
in laboratory tests, and plant trials and commercial use. Rresults edindicate 
that biopolymers selection of Pionera F-250 for use in the process, as it can 
not only give superior pyrite control to improve grade and recovery, but they 
are also non-toxic and arewas also easier to handle than traditional depres-
sants. Improved grades of lead, silver and zinc concentrates Commercial use 
has also shown to increase the profitable life of mine.

TUESDAY, FEBRUARY 28
MORNING

MPD Patrick Taylor Honorary Symposium: Chemical 
Processing: Battery Metal I: Primary Resource Processing

9:00 AM
Chairs: D. Talan, West Virginia University, Morgantown, WV 
B. Tanda, Albemarla, Rolla, MO 

Introductions

Mineralogical and Crystallographic Factors in the Acid 
Leaching of Cobalt from Mixed-Oxide Ores
N. Tillotson and I. Barton; Department of Mining and Geological 
Engineering, The University of Arizona, Tucson, AZ
Oxide and oxyhydroxide ores constitute an important secondary cobalt re-
source worldwide, and, when seafloor metal oxide nodules and crusts are 
accounted for, make up the majority of global cobalt resources. Cobalt is 
generally recovered from oxide ores through acid leaching, but the pre-
cise mechanisms of cobalt-oxide leaching are not well-characterized. We 
present a nanometer-scale mineralogical study of heterogenite-dominated 
ores and seafloor mixed-oxide nodules before and after acid leaching, of-
fering new insight into the mechanisms of cobalt leaching and the miner-
alogical factors that limit cobalt recovery from oxide ores. We will discuss 
how these results may influence the hydrometallurgical processing of ter-
restrial cobalt ores and how they may inform the future extraction of cobalt 
from seafloor oxide ores.

Pressure Oxidation Leach vs Smelting for Cobalt 
Production, Pros and Cons
J. Trouba1, E. Holley1, J. Lee2, R. Eggert2 and E. Spiller1; 1Mining, Colorado 
School of Mines, Lakewood, CO and 2Colorado School of Mines, Golden, CO
The growing demand for EVs is driving the development of cobalt mines 
throughout the U.S. However, domestic processing capability is severely 
lacking. Metal recovery from the cobalt bearing sulfide minerals requires 
highly oxidizing processes, either smelting or pressure oxidative leaching 
(POX). Establishing either capability within the U.S. is a complex challenge, 
requiring understanding of the social, environmental, economic, and regu-
latory aspects of each. Underscoring all of these factors, is the metallurgical 
processing technology itself. This presentation discusses POX and smelting 
as processing routes focusing on the technical and economic merits and 
drawbacks of each for producing cobalt.

Electrochemical Immobilization of Arsenic from Cobaltite
R. Repukaiti, L. Aldana, C. Stetson and T. Lister; Idaho National Laboratory, 
Idaho Falls, ID
As the demand for electrical vehicle batteries escalates, critical materials 
supply chains must be expanded to non-conventional sources. Cobaltite is 
one of the mineral sources that has not been fully exploited due to its high 
arsenic content. Thus, novel arsenic immobilization techniques are needed to 
harness cobaltite resources for cobalt production. An electrochemical sepa-
ration and leaching process has been developed to immobilize arsenic, while 
liberating cobalt for recovery. Various electrochemical experiments have 
been conducted in surrogate solutions containing iron, cobalt, and arsenic, 
as well as with cobaltite in iron containing solutions. Crystalline scorodite 
was precipitated via electrochemical dissolution and oxidation, and cobalt re-
mained dissolved in the leachate. Additionally, leachability tests were carried 
out on the produced solid crystalline scorodite. Results from the surrogate 
show high recovery rate for cobalt and the produced crystalline scorodite 
shows a high arsenic immobilization rate.
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QA/QC Considerations in Lithium Determination with ICP-
OES for Low Grade Highly Salinized Petrolithium Brine
F. Liu1, M. Machado1, K. Piepgrass2 and J. LaMothe2; 1Hydrometallurgy, 
Hatch Ltd, Mississauga, ON, Canada and 2LithiumBank Corp, Calgary, AB, 
Canada
With an increasing demand for lithium in support of the electrification and 
the clean energy economy, the extraction of lithium from petrolithium brine 
produced in the oil and gas industry has become of interest considering 
its significant volume and thus considerable lithium quantity even with low 
lithium concentrations (50 mg/L ~ 100 mg/L). Inductively coupled plas-
ma-optical emission spectroscopy (ICP-OES) is a common tool that is used 
to determine lithium concentrations in samples. It has been observed that 
the determination of lithium concentration in the highly salinized brine solu-
tion with a good accuracy is challenging due to its high density and the lith-
ium recovery in the detection response with the interferences from sodium, 
calcium and potassium, etc. In some cases, we found different certified labs 
return results with significant differences (up to 30%), which could result in 
inaccurate resource estimates and incorrect process design inputs. This pre-
sentation entails practical considerations on improving the quality assurance 
quality control (QA/QC) procedures to overcome these challenges and obtain 
more reliable lithium concentration results.

The Reductive Roasting of South Dakota’s Missouri River 
Valley Manganese Nodules
B. Carlson; Materials and Metallurgical Engineering, South Dakota School 
of Mines and Technology, Rapid City, SD
Manganese is an essential metal for the US economy, with over 800 thou-
sands tons of the material being consumed annually, mainly by the steel 
industry. In addition to the iron and steel sector, manganese is poised to play 
a large role in the next generation of lithium ion batteries, which society has 
an ever increasing demand for. Despite of this material’s criticality, there is 
no current US production of manganese. In central South Dakota, along the 
Missouri River Valley, there exists a large deposit of manganese nodules 
that contain on the order of 800 million tons of the metal. While extensive, 
this deposit has proved to be metallurgically challenging due to its grade, 
gangue, and fine-grained mineralogy. In this study, reductive roasting, the 
first stage of an alternative processing method, will be explored. Here the 
effect of varying temperature and furnace environments will be explored and 
the results characterized.

The Conductive Energy Approach for Overcoming the 
Challenges of Direct Lithium Extraction and Lithium 
Carbonate Production
H. Hasham; Conductive Energy Inc., Elk Grove Village, IL
Direct lithium extraction (DLE) technologies offer a tantalizing approach for 
expanding lithium supply and addressing national interests in critical mineral 
supply in the US and other countries where lithium bearing brines exist. DLE 
technologies are many and varied, however, all seem to have their Achilles 
heels, those small gotchas that impede their adoption in complex opera-
tional environments. Of the many, the need for expensive pretreatment of 
brine, a narrow operational temperature range, and an inability to produce a 
product suitable for upgrading without expensive post treatment are three of 
the more obvious and detrimental to commercial operation. In this presen-
tation we will review these three challenges using example projects where 
Conductive Energy has demonstrated its DLE technology, how we have ad-
dressed them, and discuss how we have ultimately integrated technologies 
to overcome the most important of these; the ability to produce commercial 
grade lithium carbonate
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Compressor Operational Efficiency Improvements at 
a Sulfuric Acid Plant by Enhancing Inlet Guide Vane 
Positioning
M. Ferra; REXA, West Bridgewater, MA
A large nickel mine in Ontario, Canada produces nickel metal and sulfuric 
acid. Pressurized oxygen must be available, or the acid plant will need to 
halt operations. The plant has two multistage axial compressors, each pow-
ered by a large electric motor. Accurate positioning on the compressor inlet 
guide vanes (IGVs) is necessary to precisely control the gas throughput of the 
compressor. Recently, both compressor IGVs were upgraded with six REXA 
Electraulic actuators. Compressor reliability improved. Each compressor had 
a 0.5 kW power reduction due to the improved oxygen flow and higher com-
pressor efficiency. The annual electricity savings is $1,092,000 USD.

3D Characterization of Rochester Ore Particles to Describe 
the Permeability in Leaching Columns
A. Erskine1, J. Jin1, C. Lin1, J. Miller1 and S. Wang2; 1Materials Science and 
Engineering, The University of Utah, Salt Lake City, UT and 2Coeur Mining, 
Chicago, IL
Metal recovery from heap leach operations is fundamentally controlled by 
the particle size distribution (PSD) of the ore, considering the mineral charac-
teristics, fluid flow variables, and chemical/biochemical reactions. Important 
aspects of PSD’s influence on heap leach recovery are the fluid flow vari-
ables, primarily the porosity and permeability of the packed particle bed. The 
pore networks inside 6-inch diameter leach columns from the Rochester 
mine have been scanned by X-ray Computed Tomography (XCT) at a voxel 
resolution of 100 µm. Porosity and pore size distribution have been quanti-
fied. Significant migration of fine particles inside the leach columns has been 
observed. The XCT determined pore networks for the leach columns were 
used for flow simulation by the Lattice Boltzmann Method (LBM) to predict 
the permeability. The permeability of leach columns prepared for different ore 
types has been compared, and the correlation between the feed PSD and the 
LBM determined permeability of each leach column is reported.
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The Effect of Different Magnetic Separation Procedures of 
VTM Ore on Combined Pyro-Hydrometallurgical Vanadium 
Recovery Behavior
R. Kim1, Y. Eom¹, K. Chung¹, M. Kim¹, Y. Ahn² and H. Kim¹; 1Korea Institute 
of Geoscience and Mineral Resources, Daejeon, Korea (the Republic of) and 
2Korea Maritime and Ocean University, Busan, Busan, Korea (the Republic of)
The vanadium recovery from a Korean vanadium-bearing titaniferous mag-
netite (VTM) ore was investigated, considering magnetic separation and Na-
2CO3 roasting-water leaching behaviors. Two concentrates were prepared 
by single-staged dry magnetic separation and 3-step wet magnetic sep-
aration, resulting in the V2O5 grade of 0.8 and 1.0%, respectively. Those 
concentrates were subsequently roasted at 1050°C adding Na2CO3 and 
water-leached. The different stoichiometric ratios of Na2CO3 to V2O5 were 
tested, 100~4000% of the theoretically required amount. As increasing 
the Na2CO3 ratio, the vanadium leaching efficiency fluctuated between 
5~45% at 100~1000% of the ratio and linearly increased from 5 to 81% 
at 1000~4000% from the low-grade ore leaching. On the other hand, it 
sharply increased from 47 to 90% at 100~2000% of the ratio and reached 
the plateau from the high-grade ore leaching. This was mainly because the 
more gangue minerals reacted with Na2CO3, and it prohibited the vanadium 
leaching of the low-grade concentrate. Thus, it implied that applying a proper 
magnetic separation procedure was significant to getting satisfactory vana-
dium recovery despite the similar ore grade.

Application Of Analytics in Optimizing Heap Leach 
Extraction Process and Reconciling Metal Production 
Using Airth Act Platform
E. Koc; airth.io, Oro Valley, AZ
For a long time, most of the digitalization has been focused on debottle-
necking mine production, however value is lost in the upstream process, 
specifically – Heap Leaching. Heap leaching has been in the mining industry 
for a long time, with large gold mining companies implementing this tech-
nology. Due to the difficulty in reconciling metal production in a leach-based 
process, advanced analytical solutions are tested and implemented in solv-
ing the reconciliation process. With increased data awareness and data col-
lection, more data is now available within the heap leaching process, that 
when advanced analytical solutions are applied to, can help realize more 
accurate metal production forecasts with ability to give users to evaluate 
best scenarios for their mine sites. This paper will discuss the current state 
of heap leaching methods and challenges with their production projections 
and how analytical solutions can help unlock production gains. In addition, 
the methodology in creating, testing, and implementing the model using Airth 
ACT will be discussed along with client stories.

Oxidative Precipitation and Formations of Cobalt and 
Manganese in Presence of Ozone
Y. Shekarian, M. Rezaee and S. Pisupati; Department of Energy and Mineral 
Engineering, Center for Critical Minerals, The Pennsylvania State University, 
University Park, PA
Cobalt (Co) and manganese (Mn) are among the critical elements listed by 
the U.S. Department of Interior, and the U.S. is heavily reliant on foreign 
sources for these elements. Acid Mine Drainage (AMD) is one of the im-
portant secondary resources of Co and Mn. The main methods for recovery 
of Co and Mn from aqueous streams include precipitation (i.e., hydroxide, 
carbonate, ammonia, sulfide, and oxidative precipitation), solvent extraction, 
electrochemical recovery, and ion exchange. Recovery of these elements 
from AMD through conventional treatment methods requires either elevat-
ed pH of about 10, or the utilization of costly oxidants. In our previously 
published work, we utilized ozone oxidative precipitation as a chemical-free 
process for the recovery of these elements from AMD. The purpose of this 
study is to investigate the effect of process parameters such as ozone partial 
pressure, gas-flow rate, initial Mn2+/Co2+ concentration, stirring rate, and 
temperature on the oxidative precipitation of Co and Mn using Ozone. The 
result of this work will be used for the development, design, and scale up the 
Co-Mn recovery from low concentration aqueous solution.

NbC-Containing High Carbon Steel Grinding Media 
Development
C. Brown¹, J. Heerema2, M. Enloe3, E. Spiller4, J. Speer¹ and E. De Moor¹; 
1Metallurgical and Materials Engineering, Colorado School of Mines 
Advanced Steel Processing and Products Research Center, Golden, CO; 
2Gerdau NA, Monroe, MI; 3CBMM, Pittsburgh, PA and 4Metallurgical and 
Materials Engineering, Colorado School of Mines, Golden, CO
Millions of tons of steel grinding media are consumed worldwide each year due to 
abrasive wear during milling operations. The purpose of this project is to assess 
the effect of substantial Nb carbide fractions and microstructure variation on the 
performance of grinding media via alloying with Nb. Experimental laboratory- 
prepared heats were produced with a base composition of Fe-1.0C-
0.96Mn-0.22Si-0.26Cu-0.11Ni-0.50Cr-0.005V and incremental Nb addi-
tions of 0.01, 0.25, 0.5, and 1.0 wt %. Scanning electron microscopy (SEM) 
revealed eutectic Nb carbides (NbC) that were effectively broken up and dis-
tributed within the microstructure during hot rolling. Dilatometry revealed an 
increase in Ms temperature by approximately 30 °C between the 0.01 and 
1.0 wt % Nb samples due to a depletion of C in the matrix to form NbC. Bond 
abrasion and dry sand rubber wheel (DSRW) wear tests were performed 
to evaluate wear performance as a function of Nb alloying. Bond abrasion 
results revealed no discernable increase in wear resistance with increasing 
Nb content, whereas DSRW results showed a 65% decrease in mass loss 
between the 0.01 and 1.0 wt % Nb alloys.

TUESDAY, FEBRUARY 28
MORNING

RESEARCH: SPACE MINING
9:00 AM
Chairs: G. Sowers, Colorado School of Mines 
H. Akbari, Kinross Gold Corporation, Woodbury, MN 

Introductions

Resource Estimation of an Icy Regolith Deposit Near the 
South Pole of the Moon
C. Olmos de Aguilera, D. Tolmachoff and V. Tenorio; Mining and Geological 
Engineering, The University of Arizona, Tucson, AZ
One main objective of a Moon mining project is to extract icy regolith effi-
ciently. This will require properly designed equipment and a rigorous mining 
plan. To have full control of the volume, tonnage and quality of the regolith 
being extracted, a suggested approach is taking the first samples from the 
surface during the pioneering stage, and then collect them systematical-
ly from the walls of declines and ramps being excavated while crossing 
through deeper layers. Based on Python coding, the estimation of icy regolith 
and water to be obtained can be achieved adjusting conventional reserve 
estimation techniques to the Lunar conditions.

A Comparative Study of NASA’s RASSOR vs. an Earth-
Bound Electric Autonomous Scooptram for Regolith 
Excavation on the Moon
M. Andreu¹, G. Neil² and V. Tenorio¹; ¹Mining and Geological Engineering, 
The University of Arizona, Tucson, AZ and ²Aerospace & Mechanical 
Engineering, The University of Arizona, Tucson, AZ
From the different types of equipment designed for mining the Moon, the 
Regolith Advanced Surface Systems Operations Robot (RASSOR) is becom-
ing an all-time favorite for sustained production and decline/ramp excavation. 
Beyond the design specifications for efficient performance in microgravi-
ty, drastic changes of light and darkness, and extreme levels of radiation, 
several aspects of design and performance still need to be addressed. A 
comparative test has been prepared to utilize a remote controlled scooptram 
with a bucket size of 2 cubic yards, to perform a close resemblance of RAS-
SOR’s required tasks inside a “sandbox” using regolith simulant and specific 
topographical features.
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Development of an Autonomous Site Preparation Robot for 
Mining on the Moon
J. Rostami, C. Dreyer and G. Sowers; Mining Engineering, Colorado School 
of Mines, Golden, CO
Mining on the moon involves development of robots that can excavate and 
move substantial amount of materials to processing sites. Colorado School 
of Mines team is working on a new robot for preparation of the sites for 
landing pads. This involves the use of a 500 kg robot that has already been 
designed by Lunar Outpost to be retrofitted with additional sensory system 
for positioning of the robot, along with ability to scan the site for determina-
tion of the terrain and amount of excavation and material movement for a 
10m diameter landing pad. The unit should then excavate the material and 
deposit it in the depressions to make a level landing pad. The materials de-
posited on the surface has to be compacted to 95% compaction to allow for 
additional load bearing capacity related to landing and lift off of the rockets. 
The same concept is equally applicable to the mining robot where the unit 
should position itself, recognize the terrain and be able to excavate various 
target materials with different strength, and load it to a transport unit. The 
paper will discuss challenges and possible solutions for development of such 
robot and the status of the NASA sponsored project.

Lunar Mining at the Hundred-Megaton Scale
E. Scott; Center for Space Resources, Colorado School of Mines, Golden, CO
Space megastructures (large, engineered structures in space) are a staple 
of science fiction. They also represent the next step in humanity’s journey 
to becoming a spacefaring civilization; megastructures can improve life 
both off and on Earth by providing human habitation, transportation, energy 
generation, and even shading Earth to combat global warming. Although no 
megastructures have yet been built in space, two factors may increase the 
possibility of constructing them. The first is the decreasing cost of access to 
space. The second is an increased civil and commercial interest in space 
resources. Currently, space resource development is focused on early tech-
nology demonstrations, but it is already possible to envision the large-scale 
architectures required to extract and process enough material to construct 
space megastructures. This presentation will detail the initial findings of a 
case study for a lunar mine capable of producing one hundred megatons of 
metal from lunar regolith. This case study will include mine details such as 
extraction and processing techniques, location on the Moon, layout of the 
mine, necessary equipment and infrastructure, and concepts of operations.
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Introductions

Buritica Mine Tailings Disposal–Paste Backfill with a 
Tramway System and Dry Stacking
S. Chen; Stantec, Phoenix, AZ
Buritica underground narrow vein gold mine, located 72 kilometers north-
west of Medellin Colombia, is the first automatic underground gold mine 
in the country. Based on deposit geometry, longhole and overhand cut and 
fill are the main mining methods adopted. To comply with environmental 
protection standards, dry stacking of tailings is being used and a major part 
of the tailing is being pumped back underground for filling mined out stopes. 
Besides regular paste mix design, paste pumping and delivery design, Bu-
ritica mine also needs to deliver the tailings from the processing plant at 
an elevation of 1075m to an elevation of 1720m where the paste plant 
is located. To reduce delivery operating cost and the disturbance to local 
residence, a tramway system was designed and constructed. The paper will 
go through the tailings disposal processes including paste design, tramway 
delivery system, backfill QA/QC systems and also tailings dry stacking ad-
opted at the mine site.

Refinement of Dam Breach Analyses Using Cone 
Penetration Data
M. Rust, M. Walden and N. Rocco; NewFields Companies LLC, Atlanta, GA
Dam Breach Analysis (DBA) is an evolving science that has, in part, been 
driven forward by large scale tailings dam failures. Recent revisions to guid-
ance around these analyses stress the importance of evaluating the physical 
condition of the Tailings Storage Facility (TSF). The most prevalent instrument 
employed to investigate the condition of a TSF is the Cone Penetration Test 
(CPTu). This paper describes how CPTu data can be used to assist in under-
standing the characteristics of a potential dam breach and provide valuable 
information for prediction of the release volume should a failure occur.

Non-Conventional Tailings Technologies Challenges and 
Opportunities for Large Mines to Comply with GISTM 
Guidelines, Reduce Facility Risk and Total Costs
D. Mcgregor; Mine Water Management, Black and Veatch, Madisonville, LA
Dewatering technologies have existed for years, being applied at high-grade, 
lower throughput operations. Recently driven, by GISTM and water cost, there 
is renewed interest for high-throughput, lower-grade operations to dewater tail-
ings. Dewatering creates a paste or filter cake removing residual process water 
from tailings, improving TSF safety, allows reuse of additional process water, and 
reducing water consumption & operating costs. Challenges created include the 
dewatering equipment selection, dewatered tailings transportation to the TSF,  
the quality of recycled water, deposition method used for tailings placement 
and the capital cost for these new operations. The successful implementation 
of non-conventional tailings technologies involves understanding these oppor-
tunities and challenges.

Supporting Tailings Operations and ESG Perspectives with 
the Tailings and Impoundments Reflectance Index
j. metzger; Geomatics, AssetAssurance Monitoring, Fishers, IN
The Tailings and Impoundments Reflectance Index (TIRI) was introduced in 
2021 as a tool for creating an ongoing trend history, supported by regular 
and replicable validity. TIRI is a valuable addition to the data library of legacy, 
care and maintenance, and operating mine sites. TIRI uses a combination of 
surficial and site-specific information, regular passive sensor, and as needed 
active sensor acquisitions. Usable in content, context, and inclusion as a 
part of reporting for ICMM, CDA, ICOLD, COE formulae and annual guideline 
submissions. Based on readily available Near-Infrared and Microwave data 
acquisitions, and configured with site specific data that may include obser-
vational records, solution specific gravities, or evaluation by spectrometer 
– the simplicity and scalable addition of supporting data offers real engage-
ment and interaction. Trends analysis through areal surficial data is available 
as CSV, KML, SHP, GeoTiff formats among others. Immediate application of 
TIRI is affordable and scalable across small, medium, and large-scale oper-
ations. Trends analysis through areal surficial data is available as CSV, KML, 
SHP, GeoTiff formats among others.

Investigation of Extraction of Critical Metals Through the 
Utilization of Tailings Waste as Feedstock
T. Villalón; Phoenix Tailings, Woburn, MA
One of the biggest liabilities on the balance sheet of a mining company is 
their tailings pond, utilized to store the byproducts of mining and refining 
operations. At the same time, the demand for critical materials continues to 
skyrocket, while the permitting process for the construction of new mines 
becomes increasingly difficult. It is essential, then, to find a new source of 
metals to power the next generation of technology. Examining tailings, then, 
presents an interesting opportunity to extract critical materials for existing 
areas of demand. The key is solving the technology gaps and integrating into 
pre-existing supply chains.
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In-pit Thickened Tailings Deposition Project at the 
Palmarejo Mine
C. Zabalaga, D. Romo and C. Burkhalter; MDTS, NewFields Companies 
LLC, Atlanta, GA
Currently, the Palmarejo mine forecasts approximately 12 years of continu-
ous operations and with the active TSF almost depleted for storage, a new 
TSF location is required. The location for a new TSF was sought out after 
and it was determined that the historic Rosario and Tucson pits would be 
the most suitable option given the adjacent location of both pits allowing for 
ease of deposition and a higher storage capacity. To maximize the amount of 
tailings deposited, all slurry tailings produced from the mill will be thickened 
to 64% solids. Prior to the deposition of thickened tailings, the pit floor will 
be prepared, and an underdrain system will be installed to properly man-
age water from seeping into the historic underground workings of the mine. 
During the final operational phases of the facility, tailings will be deposited 
and sloped at a specific grade where a closure spillway will be constructed 
and later a reclamation layer of waste rock placed over the tailings surface. 
Comparing between this approach and that of typical conventional tailings 
storage methods, this design offers a much more efficient, cost-effective, 
and suitable solution to the Palmarejo mine.

Rock Kleen – An Innovative Emerging Technology Will Help 
Address Mineral Shortages
J. Whitney; Itronics Inc., Reno, NV
Mine tailings are a worldwide problem. Over 18,400 tailings dams or heap 
leaches exist worldwide. This represents many billions of tons of crushed 
materials. Unfortunately, many of these present environmental issues or 
danger to those living around the tailings. Itronics Rock Kleen is a rev-
olutionary, liquid chemical technology that leaches metals and minerals 
from rock. Rock Kleen Systems recover residual precious metals, base and 
ferrous metals, nutrient materials, and industrial minerals from spent mine 
tailings. Rock Kleen Systems clean the rock of cyanide, acids, and blasting 
nitrates. The clean leached rock is then sized and sorted by mineral type 
for sale as industrial minerals. Industrial minerals from tailings are primar-
ily crushed rock, sands, and clays with the ability, in some cases, to pro-
duce specialty products such as high purity quartz sands or magnesium 
oxides. Rock Kleen Systems are versatile as they can be designed as part 
of the ore flow in a new mine design, development, and operations. They 
can plug into existing operations processing flow sheets, or the Rock Kleen 
Systems can be used to treat tailings at a Rock Kleen Processing Center.

TUESDAY, FEBRUARY 28
MORNING

VALUATION I: CASE STUDIES
9:00 AM
Chairs: J. Beck, J. M. Beck & Associates, Lakewood, CO 
D. Falkenstern, Society for Mining Metallurgy and Exploration, 
State College, CO

Introductions

Examination of Market Rental Value
E. Moritz; WSP USA, Boulder, CO
There are instances where there can be a temporary loss of use of a miner-
al or oil and gas right. As an example, this temporary loss in use may occur 
as a result of a local moratorium on oil and gas permitting, perceived cloud 
on title or a mineral trespass. Other events may cause this condition also. 
If the mineral owner regains the use of the right, then an appraiser may 
be faced with valuing the loss in use over the time period in question. The 
closest analogues for calculating damages involving the temporary loss of 
a property right derives from eminent domain cases such as temporary 
easements and takings. In these cases, the proper measure of damag-
es is the economic or market rents that the property could receive over 
the temporary time period. Measuring compensation based on the market 
rents that a property interest would receive is known as the market rental 
value and is defined in the Uniform Appraisal Standards for Federal Land 
Acquisitions (UASFLA). This presentation provides an example of analysis of 
market rents for oil and gas rights in the Appalachian Basin.

Net Present Value in Early Stage Technical Studies vs 
Market Value (Copper)
W. Roscoe and P. Landry; SLR Consulting Canada Ltd., Toronto, ON, Canada
In past studies we have compared the Net Present Value (NPV) in Prelimi-
nary Economic Assessments (PEA) with market transaction value and market 
capitalization of junior companies holding the gold project. The present study 
on copper projects similarly compares NPV in PEAs to market transaction 
value and market capitalization. Similar to gold projects, PEAs of copper proj-
ects commonly use low discount rates. We have compared the NPV in PEAs 
of copper projects to (a) the market value of a transaction on the project 
and (b) the adjusted market capitalization of a junior company for which 
the project is its major asset. In most cases, there is a significant difference 
between the NPV and the other two parameters, where the transaction value 
and the market cap are significantly lower than the NPV. The differences can 
be rectified by applying a higher discount rate to bring each project NPV into 
line with the transaction value or the market cap.

Nuisance Value of Mineral Rights: A Thorny Stick within 
the Bundle of Rights
M. Chapman; Chapman Appraisals, LLC, Louisville, KY
Mineral deposits must be valued according to various parameters and 
tests applied to geologic and engineering data and classified into reserve, 
resource, or uneconomic status. If current physical, legal, social, and eco-
nomic feasibility cannot be established for the mineral deposit but may have 
a possibility in the future, the mineral deposit may be considered to have 
nuisance value. Hence, a mineral deposit not having current economic val-
ue (value derived by benefits of a given asset) may nonetheless still hold 
market value (value derived by supply and demand and price someone 
is willing to pay in the market) as a stick in the bundle of property rights. 
This presentation will identify sales of uneconomic mineral estates and the 
steps taken to consider the spectrum of uneconomic mineral status: from 
highly speculative, low probability future production, to improbable, to non- 
existent; versus the spectrum of buyer demand-side motivation to have the 
control for the mineral estate. The presentation will discuss uneconomic 
mineral rights sales and also consider sales of uneconomic surface rem-
nants, sales of easements, and control-related sales.
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Handling P&A Liability in Fair Market Value Appraisals of 
Oil and Gas Assets
K. Weller; Mesa Engineering, LLC, Golden, CO
In the appraisal of working interests in developed oil and gas properties, the 
potential liability for plugging and abandonment costs should be considered, 
and the value of the assets adjusted by the net present value of the liability. 
The approach may be as simple as 1) salvage value is assumed to equal 
P&A liability (resulting in a zero net liability) or 2) a rule-of-thumb approach 
based on reliably sourced average cost per well or cost per foot of depth data 
or 3) a detailed cost estimate based on P&A procedure based on regulatory 
requirements and well-specific stipulations and provided by the operator or 
one or more service providers. If the assets have remaining economic life the 
costs under methods 2 or 3 would be reduced based on their present value. 
Whatever the approach the Appraiser should clearly state the assumptions 
and the basis for P&A liability in their report. New regulations being dis-
cussed in Colorado would require operators (and this would extend to the 
working interest owners) to deposit a bond for the full amount of the esti-
mated P&A cost of every well they operate. Case studies and Public domain 
sources of P&A cost data will be presented and discussed.

Using Dynamic Cash Flow Modelling to Assess the Risk 
and Return of the Tocantinzinho Gold Project Financing 
Package
M. Samis; SCM Decisions, Toronto, ON, Canada
Mining projects are financed by numerous methods ranging from traditional 
project debt to alternative financing arrangements tied to metal prices. A 
project’s ability to fulfill its financing obligations is often assessed with a stat-
ic cash flow model that calculates the internal rate of return and financing 
ratios. However, this modelling approach has a weakness in that investment 
performance and risk are not adequately assessed across a range of future 
possibilities. Dynamic cash flow modelling is a framework that uses simu-
lation, finance theory, and risk management concepts to consider a project 
and its financing across a range of possibilities. This presentation analyses 
the financing for G Mining Venture’s Tocantinzinho Gold Project to under-
stand how risk and return are distributed between equity, debt, and a stream. 
It highlights how financing impacts the possibility of early closure and that 
the risk of some financing arrangements may differ from common industry 
perceptions. Dynamic cash flow modelling is a powerful tool for designing 
a financing package that shares economic potential between stakeholders 
while recognizing exposure to financial market risk.

TUESDAY, FEBRUARY 28
MORNING

COLORADO MINING ASSOCIATION
10:10 AM
Global Renewable Diesel and Carbon Offsets
Candace McCraine, Parkland USA 
With transportation being the largest source of greenhouse gas (GHG) emis-
sions, operators are feeling the heat to address the environmental impacts of 
reliance on fossil fuels. Run on time, on budget, and lower emissions. Deliver 
on sustainability goals and reduce your climate impact. 

10:50 AM
What is Human Performance; Why Does it Matter
Vince “Bluto” Saporito, Check-6 Inc.; Jim “Tango” Gray, Check-6 Inc.
This interactive presentation will first look at High Consequence / High 
Reliability Organizations. Attendees are introduced examples of where the 
Human Performance concept was either absent, or underutilized, and subse-
quently assess outcomes. Humans make errors, this is an inescapable real-
ity. But why? And how should we accept this notion, trap the consequences, 
and learn and build on these mistakes.

TUESDAY, FEBRUARY 28
AFTERNOON

COLORADO MINING ASSOCIATION
1:30 PM
PFAS/PFOA—What is it? Where is it? What Standards or 
limits? Legal Implications? Treatment? 
Ronda L Sandquist, Brownstein Hyatt Farber Schreck; Michael P. Smith, 
Brownstein Hyatt Farber Schreck; Steven F. Fecht, Ramboll 
We will address how to screen for PFAS elements, determining if your site 
or operations are susceptible to PFAS contamination from other off-site op-
erations. The legal framework for PFAS regulation, EPA, and increasing state 
regulations addressing PFAS could mean that multiple, different regulatory 
requirements. What treatments or methods can reduce PFAS? 

2:40 PM
Bringing Diversity into the Boardroom and C-Suite. A 
Fireside Chat with Gary Goldberg, Former Chairman and 
CEO of Newmont Corporation  
Michelle Ashby, Ashby Investments LLC; Gary Goldberg, Former Chairman 
and CEO, Newmont Corporation 
ESG has become a main focus for investors and share value in the recent 
years. One of the primary items in ESG, is around the diversity of the board-
room and executive suites which are being closely watched by investors and 
monitoring agencies of public companies. What are the benefits of adding 
more women to boards? There is evidence and research that show having 
more diversity in the boardroom can lead to higher ROI for companies, also 
the diversity of thought and backgrounds can lead to broader conversations 
and considerations in the boardroom. Join us for a fireside chat with New-
mont Corporation’s former Chairman and CEO, Gary Goldberg to discuss the 
benefits of having more women in the boardroom. 

3:20 PM
Opportunities to Use Natural Language Processing to 
Improve Maintenance Management on Mine Sites 
Ash Agarwal, CEO, Symbioticware 
Miners rely on various maintenance analysis techniques, including root-
cause analysis, failure mode, effect and critical analysis, and others, to im-
prove their maintenance management process. However, the maintenance 
logs are usually recorded in natural language, and their processing and con-
version into standardized format are not practical due to the high associated 
labor cost. Natural language processing technologies and AI can enable bet-
ter access to maintenance data. In the presentation, we will cover opportu-
nities to use AI to convert natural language records into machine-readable 
data and augment it with actionable insights related to survivability analysis 
and risk assessment and discuss the experience of conducting algorithm 
trials on mine sites with over 100 heavy-duty assets.  
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TUESDAY, FEBRUARY 28
AFTERNOON

BULK MATERIAL HANDLING: REDUCING 
MAINTENANCE LABOR REQUIREMENTS FOR 
EQUIPMENT

2:00 PM
Chair: J. Ellis, Precision Pulley and Idler

Introductions

Two-Mass Natural Frequency Benefits as Compared to 
Industry Standard Brute Force Technology for Mining.
D. Kerkera; General Kinematics corp., Crystal Lake, IL
I will go into depth on the advantages of two-mass vs brute force technology 
in the mining industry. My presentation will demonstrate and show the huge 
differences and potential gains from one over the other. It will not only show 
the calculations involved in this process but also the real world examples. 
Extremely large horsepower differences, as well as tonnage gains and ef-
ficiencies. I will show actual test results that confirm the statements made 
within the presentation. Proven applications in the Copper, Gold, Silver, and 
Iron ore applications. Dramatically reducing the maintenance and increasing 
the life of the equipment serveral times over.

Ensure Your Spare Drive Components are Available when 
You Need Them. Best Practices for Long Term Storage and 
Lubrication of Spare Conveyor Drive Components
C. Brown; Dodge Industrial, Greenville, SC
Few things are worse than pulling a critical spare part for a conveyor drive 
from long term storage, only to find the spare is not in operational condition. 
In an instant a minor disruption can become an emergency. Spare compo-
nents in critical drive systems must be properly stored for long periods of 
time and properly lubricated when they are installed. Most conveyor opera-
tions have spare parts and lubrication programs, but if proper protocols are 
not followed it could mean the spare is not ready when it is needed the most. 
This session will cover best practices for long term storage and lubrication of 
motors, gear reducers, couplings, bearings and pulleys.

Utilizing IIoT Technology to Reduce Maintenance Labor 
Requirements for Equipment in the Bulk Material Handling 
Industry
R. Kiser; IIoT, Dodge Industrial, Simpsonville, SC
Maintenance teams can utilize condition monitoring systems by directing re-
sources to problem areas in a plant, eliminating the need for schedule-based 
checks on all equipment. IIoT technologies enable a proactive approach to 
maintenance. Wireless sensors alert users on decreasing equipment health, 
which allows for maintenance intervention before the system goes down. 
The ability to monitor mechanical products remotely allows maintenance and 
other personnel to safely assess equipment health without physical interfer-
ence.

Increasing Gearbox Reliability to Minimize Downtime
S. Franks and M. Clark; Sumitomo Drive Technologies, Goodyear, AZ
Gearboxes are key to reliable mining operations but many in use today are 
part of the original equipment installation. They are old/obsolete and critical 
decisions need to be made on whether to repair or replace and oftentimes, 
time and cost are not in your favor. There are unique options available that 
will extend the life of the installed unit. Get more out of your existing gearbox 
with updated gearing or specific modifications increasing reliability and out-
put capabilities. Key steps needed to take will be reviewed and discussed in 
detail with respect to time and cost to implement.

Data Driven Analysis of Belt Conveyor Systems For 
Improved Efficiency and Reliability
P. Ormsbee; Overland Conveyor Company, Inc., Lakewood, CO
The efficiency and reliability of belt conveyors are paramount for the suc-
cessful operation of mines all around the world. Any improvement in reliabil-
ity and efficiency can have a large net benefit towards the carbon footprint 
and operating cost of an operation. Overland Conveyor Company and tk 
Mining Technologies are using the wealth of operating data available from 
modern conveyor applications to help drive forward reliability and efficiency 
improvements to all types of conveyor applications. Using data to calibrate 
advanced conveyor models helps to bring understanding to complex, sys-
tem-dependent, component reliability issues. A variety of real-world convey-
or system reliability issues will be discussed along with their data-driven 
solution action items.

TUESDAY, FEBRUARY 28
AFTERNOON

COAL & ENERGY: GEOTHERMAL ENERGY 
PROJECTS AT MINING AND INDUSTRIAL SITES

2:00 PM
Chairs: A. Prisjatschew, US Department of Energy, Golden, CO 
H. Khazdozian

Introductions

U.S. Department of Energy– Geothermal Energy: Mining a 
Secure Future
A. Prisjatschew¹ and H. Khazdozian²; 1Geothermal Technologies Office, US 
Department of Energy, Golden, CO and 2Advanced Manufacturing Office, 
Washington, DC
Geothermal is an always-on source of reliable energy directly from Earth’s 
heat that can support baseload electricity providing a domestic energy re-
source to support the grid of the future. This presentation will discuss the 
mission of the U.S. Department of Energy’s Geothermal Technologies Office 
(GTO) which is to eliminate the technical and non-technical barriers to en-
able the growth of the geothermal industry. To achieve this mission GTO has 
three strategic goals: unlock the potential of enhanced geothermal systems, 
increase geothermal energy on the U.S. electricity grid, and expand geother-
mal energy beyond the West. Beyond the traditional value that geothermal 
resources can provide for electricity or thermal applications, tapping into 
geothermal brines for critical materials present a promising financial op-
portunity. This session will also highlight initiatives funded by the Advanced 
Manufacturing Office (AMO) that support R&D to ensure a strong domestic 
future in the supply chain of critical materials from geothermal brines.

U.S. Lithium Supply Chain - State of Play 2022
B. Jaskula; National Minerals Information Center, USGS, Reston, VA
Three companies have begun pilot operations at the Salton Sea in an ef-
fort to use newly developed technology to commercially extract lithium from 
this large geothermal resource. The Salton Sea, however, is one of many 
lithium resources in the U.S. that have potential to provide the U.S. with 
a significant amount of domestically sourced lithium. This presentation will 
discuss current and advanced emerging U.S. lithium mining operations; the 
variety of domestic lithium sources available including continental brines, 
oilfied brines, geothermal, claystone, and pegmatites; current and planned 
domestic lithium refining operations; and current and planned domestic Li-
ion battery megafactories.



    |   TECHNICAL PROGRAM   45

TECHNICAL SESSIONS

Environmental Justice in Clean Energy Supply Chains:  
The Case of Lithium Valley
M. Slattery¹, A. Kendall¹, M. Whittaker2 and P. Dobson2; 1Energy and 
Efficiency Institute, University of California Davis, Davis, CA and  
2E O Lawrence Berkeley National Laboratory, Berkeley, CA
This presentation will summarize efforts to incorporate community engage-
ment in technical research quantifying lithium deposits in the Salton Sea 
geothermal field. First, meeting observation and surveys are used to identify 
key stakeholder priorities; for example, community members consistently ask 
about the impact of a new industry on water availability and public health. 
This insight has been used to guide technical research about the resource, 
i.e., by recommending that water consumption be evaluated in the context 
of local water supply and comparable uses. As research progresses, we will 
conduct focus groups to solicit feedback and develop best practices for ac-
cessibly communicating technical information about the lithium resource. 
The goal of this project is to support environmental justice throughout the 
domestic lithium supply chain by facilitating a flow of information between 
researchers, industry, decision-makers, and stakeholders who stand to be 
impacted by extraction.

Overview of Improved Quantification of Lithium Resources 
for Lithium Valley Project
P. Dobson¹, W. Stringfellow¹, M. McKibben², M. Brounce2, J. Humphreys2, 
E. Sonnenthal¹, N. Spycher¹, J. Stokes-Draut³, D. Millstein3, M. Busse³, 
M. Camarillo¹, N. Nakata¹ A. Nayak¹, M. White4, V. Rodríguez Tribaldos¹, 
S. Garg6, K. Kim6 and N. Araya5; ¹Energy Geosciences, E O Lawrence Berkeley 
National Laboratory, Berkeley, CA; 2University of California Riverside, Riverside, 
CA; 3Energy Analysis & Environmental Impacts Division, E O Lawrence Berkeley 
National Laboratory, Berkeley, CA; 4Massachusetts Institute of Technology, 
Cambridge, MA; 5The University of Auckland, Auckland, Auckland, New Zealand 
and 6Geologica Geothermal Group Inc., San Diego, CA
With the need for reliable, abundant, and domestic sources of lithium, there 
is increased interest in lithium from geothermal brines produced from the 
Salton Sea geothermal field. Our project, funded by the DOE Geothermal 
Technologies Office, is investigating the following questions: 1) How much 
brine is present in the reservoir and what is its lithium concentration? 2) 
What controls the concentration of lithium in the geothermal brines, and will 
lithium in the reservoir rocks replenish the brine over time? 3) How quickly 
will reservoir lithium concentrations decline as brine that has had its lithium 
extracted is reinjected back into the reservoir? 4) What are the potential envi-
ronmental impacts of lithium production (water and chemical use, produced 
waste streams, and air and water quality)? 5) Will increased geothermal 
development, in part motivated by lithium recovery, lead to increased risk 
of induced seismicity? Our research team will present updates on principal 
component analysis of brine chemistry and initial reservoir modeling results 
to address some of these questions. We will also share observations on po-
tential environmental impacts and mitigation measures being taken.

Direct Lithium Extraction From Geothermal Brines and Clay 
Minerals – Current Status and Future Prospects
P. Paranthaman; Chemical Sciences Division, Oak Ridge National 
Laboratory, Oak Ridge, TN
The demand for lithium is expected to increase drastically in the next 5-10 
years due to the increased usage of rechargeable lithium-ion batteries (LIB) 
in electric vehicles, smartphones and other portable electronics. To alleviate 
the potential risk of undersupply, lithium can be extracted from raw sources 
consisting of minerals and brines or from recycled batteries. The main goal of 
this research is to develop materials and processing technologies to improve 
the economics of lithium extraction and production from naturally occurring 
geothermal and other sources such as clay minerals for energy storage ap-
plications. We will discuss in detail about the advantages and disadvantages 
of direct lithium extraction methods. Life cycle analysis and Technoeconomic 
analysis have been conducted on some of these approaches. This research 
demonstrates that lithium has been selectively extracted from brines, min-
erals and possibly recycled lithium ion batteries, thus offering the possibility 
of effective application of lithium salts in lithium-ion batteries leading to a 
fundamental shift in the lithium supply chain.

Unconventional Lithium Resources and Recovery: Salton 
Sea Geothermal Brines
M. McKibben1, J. Humphreys1, M. Brounce1, N. Planavsky2 and P. Dobson3; 
1Earth & Planetary Sciences, University of California, Riverside, Moreno 
Valley, CA; 2Geology, Yale University, New Haven, CT and 3Energy 
Geosciences, E O Lawrence Berkeley National Laboratory, Berkeley, CA
An estimated reservoir brine volume of 6 to 33 km3 contains 5M to 32M 
metric tons of LCE, among the largest brine deposits of Li in the world. Cur-
rent brine production can support 115 ktpa of recoverable LCE, with publicly 
announced expansion efforts ultimately supporting 320 ktpa of LCE, sustain-
able for up to 100 years. Geothermal wells recently sampled across the field 
yielded pre-flash brines with Li = 150 to 250 ppm and d7Li = 4.2 + 0.5 
%, indicating that the brine reservoir is extremely well-mixed and internally 
homogeneous, consistent with prior H-O-S isotopic data. Internal convection 
and lack of significant mixing with other fluids bodes well for sustainability 
of Li recovery. Ongoing analysis of the Li isotopic composition of reservoir 
rock types will help fingerprint sources of the dissolved Li. Preliminary LA-
ICP-MS analysis of polished sections of host rocks yields Li values as high 
as 50 ppm in rhyolite matrix glass, epidote and anhydrite, but the highest 
values encountered so far (>300 ppm) are in authigenic chlorite. Metamor-
phic phyllosilicates and their sedimentary precursors therefore may play a 
key role as both sources and sinks of Li to the brines.

TUESDAY, FEBRUARY 28
AFTERNOON

COAL & ENERGY: INNOVATIONS IN DUST 
CONTROL AND RESEARCH
2:00 PM
Chairs: G. Xu, Missouri University of Science and Technology, Rolla, MO 
H. Jiang 

Introductions

Characteristics of Underground Respirable Coal Mine Dust
M. Hovingh1, M. Rezaee1 and P. Roghanchi2; 1Energy and Mineral 
Engineering, The Pennsylvania State University, University Park, PA and 
2Mineral Engineering, New Mexico Institute of Mining and Technology, 
Socorro, NM
Cumulative inhalation of respirable coal mine dust (RCMD) can lead to dis-
eases including coal worker’s pneumoconiosis (CWP), silicosis, mixed dust 
pneumoconiosis, dust-related diffuse fibrosis, and progressive massive fi-
brosis. In the US, after the implementation of the interim coal mine dust 
standard in 1970, and the final standard in 1972, the prevalence of CWP 
and concentrations of coal mine dust began a steady decline. However, 
despite decades of efforts to reduce coal mine diseases, CWP incidence 
rates among US miners began to unexpectedly increase in the mid-1990s. 
Under a NIOSH-funded project, a comprehensive study was conducted for 
the characterization of RCMD to further shed light on potential causes of 
recent increases in CWP among underground coal miners. RCMD samples 
were collected from Eastern and Western underground US coal operations. 
The samples were characterized for size, shape, mineralogy, crystalline sil-
ica content, as well as elemental content and their bioavailability. The bulk 
samples of floor, coal, middling, and roof strata were also characterized for a 
source study. The results are discussed in detail in this presentation.

Effect of Dust Controls on Respirable Coal Mine Dust 
Characteristics: Following up on Previous Studies by NIOSH
F. Animah, A. Greth, C. Keles and E. Sarver; Mining and Minerals Engineering, 
Virginia Polytechnic Institute and State University, Blacksburg, VA
A variety of dust controls are used in underground coal mines to mitigate 
safety hazards and limit exposures to respirable dust. Previously, the National 
Institute of Occupational Safety and Health (NIOSH) has conducted studies to 
evaluate the efficiency of controls such as auxiliary scrubbers and canopy air 
curtains on respirable dust concentrations — however, dust characterization 
was not performed. This study aims to expand on NIOSH’s prior work by 
analyzing preserved dust samples using DOF-FTIR, TGA, and SEM-EDX to 
explore particle mineralogy and size distributions.
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A Surface Chemistry Approach to Inhibition of Ultrafine 
Quartz Toxicity – A Multiscale Investigation
A. Eskanlou and B. Arnold; Energy and Mineral Engineering, The 
Pennsylvania State University, University Park, PA
We investigated the origin, chemistry, and formation mechanisms of the free 
radicals on the surface of ultrafine quartz obtained from coal samples of 
various ranks. Ab initio computations revealed that the interaction of H2O 
molecule with quartz is more thermodynamically favorable than that of O2. 
Electro-kinetic measurements showed the isoelectric point of the quartz 
samples at pH 2. Using infrared spectroscopy, we assign the band at 3742 
cm-1 to OH species formed on the aged quartz surface. In our ongoing ef-
forts, we employ spectrofluorometer to study the non-hazardous chemical 
additives to inhibit or reduce the toxicity of the ultrafine quartz.

A Comparison of Different Water Sprays at High Pressures 
for Respirable Coal Dust Knockdown Ability in a Confined 
Chamber
S. Klima, Y. Zheng, H. Jiang and T. Beck; National Institute for Occupational 
Safety and Health Pittsburgh Research Laboratory, Pittsburgh, PA
Researchers at NIOSH’s Pittsburgh Mining Research Division (PMRD) per-
formed comparative testing of six different water sprays at pressures ranging 
from 100 psi to 1000 psi in a 14.5-m3 (512-ft3) confined dust chamber. Test-
ing was conducted to determine the effect of higher pressures on each spray’s 
respirable coal dust knockdown ability. It is known that higher water pressures 
are typically preferred for lowering airborne dust concentrations, but it was 
important to determine at what pressure range the dust knockdown ability of 
each spray plateaus or reaches its minimum measured dust concentration. 
Results from this testing showed that several sprays saw a 100% decrease 
in dust concentration levels during the five-minute water spray testing period, 
with some occurring well before reaching the 1000 psi spray pressure. Howev-
er, not all sprays saw a 100% reduction in dust concentration, and the pressure 
at which they reached their peak dust removal ability varied.

Development and Testing of a Novel Vibrating Mesh Dust 
Scrubber Technology
S. Amini1, M. Schaefer1, L. Pan2, J. Szczap2, S. Shahab3, Z. Lu3, 
S. Jung4, M. Shigo3, M. Uluer3 and A. Noble3; 1Mining Engineering, 
West Virginia University, Morgantown, WV; 2Michigan Technological 
University, Houghton, MI; 3Virginia Polytechnic Institute and State University, 
Blacksburg, VA and 4Cornell University, Ithaca, NY
The flooded-bed dust scrubber has been developed and widely used for 
over 20 years as a preventative dust remover in underground continuous 
miner operations. Despite the proficiency of scrubber, several operational 
challenges, namely a high clogging rate, limit the system’s performance. This 
research aims to develop new scrubber system designs that utilize vibrating 
mesh panels to maintain or increase dust capture rates while minimizing 
mesh clogging. Efforts to date have included computational fluid dynamics 
simulations, laboratory-scale component testing, proof of concept testing, 
and integrated pilot testing in a standalone small-scale dust scrubber system 
(6ʺ x 6ʺ cross-section). Results have repeatedly shown that, when proper-
ly optimized, a vibrating mesh can maintain high capture rates while min-
imizing mesh clogging. In an optimized laboratory trial, the vibrating mesh 
produced a 43% reduction in dust accumulation in the filter versus that of a 
static mesh operating over the same time. This presentation will describe the 
continued development of this technology, including test results, numerical 
modeling, and strategies for vibrational energy harvesting and translation.

Lab Evaluation of a New Type of Air Cleaning Blower on 
Respirable Dust Control
Y. Zheng, H. Jiang, S. Klima and T. Beck; CDC, HHS, Health Hazards 
Prevention Branch, Pittsburgh Mining Research Division, National Institute 
for Occupational Safety and Health, Pittsburgh, PA
Researchers at National Institute for Occupational Safety and Health (NIOSH) 
performed a serious of lab testing to evaluate respirable dust removal ca-
pacity of an air cleaning blower (ACB). Limestone and coal dust are tested 
separately with gravimetric samplers. In limestone dust tests, respirable dust 
achieved an average of 92.15 mg/m3 upstream of the ACB. The filter results 
show that downstream of ACB, the respirable limestone dust was lowered 
from 3.86% to 27.12%. In coal dust tests, upstream samplers got an aver-

age of 127.01 mg/m3 of respirable coal dust. The dust removal efficiency 
ranges from 5.63% to 27.89% by downstream samplers.

Prevention of Clogging of the Flooded-Bed Scrubbers with 
Filter Surface Modification
J. Szczap and L. Pan; Chemical Engineering, Michigan Technological 
University, Houghton, MI
Flooded-bed scrubbers installed at continuous miners are commonly em-
ployed to extend the cuts and control dust in underground coal mines. They 
work by drawing particle-loaded air through a mesh filter with water mists 
sprayed. These filters clog over time, causing dust to flare and operations to 
cease. In this study, the effect of surface chemistry of both dust particles and 
filter meshes on dust clogging have been investigated with a customized 
lab configuration. Both pressure drops across the filter and characteristics 
of clogged dust particles trapped between meshes have been determined. 
Experimental results showed that the surface hydrophobicity of both the dust 
particles and filter mesh materials influences clogging rate of the filter mesh-
es. The experimental results have been correlated with those obtained from 
an analytical model based on Darcy’s Law. The present result will be used 
to maximize the efficiency of the flooded-bed scrubber system that protects 
miners in the coal industry and improve safety of other mining activities.

Field Testing of New Style of Impingement Screens and 
Next Generation Dust Filtering
S. Schafrik; Mining Engineering, University of Kentucky, Lexington, KY
Impingement screens are in common use in industrial applications and have 
been essentially the same design for the past 40 years. This paper presents 
field testing of a new style of impingement screen that is nearly impossible to 
clog and requires little to no maintenance. The screen shows extremely con-
sistent airflow conditions while loaded and unloaded. The screen is tested in 
both laboratory conditions and in continuous miners in mines. Results of the 
field testing are presented. The same technology is applied to a continuous 
filtering system that is the next generation of dust filtering technology.

TUESDAY, FEBRUARY 28
AFTERNOON

COAL & ENERGY: TECHNOLOGY AND 
INNOVATIONS
2:00 PM 
Chairs: M. Trevits, Xtraction Science and Technology, Inc,  
Pittsburgh, PA 
E. Shereda, Consol Energy Inc, Canonsburg, PA 

Introductions

Data Mining Mining Data – Leveraging Mining Equipment 
Machine Data to Generate Actionable Information
E. Shereda; Technology and Applied Improvements, CONSOL Energy Inc, 
Cannonsburg, PA
Real-time remote monitoring of mining equipment on continuous mining 
(CM) sections is currently being implemented at CONSOL Energy. The CM 
data is captured using Komatsu and Sandvik services and sent to the sur-
face. CM data is supplemented with data from the supporting section equip-
ment via amperage monitoring at the underground power centers. It is used 
to create digital twins of the entire mining process. Data is transmitted to the 
surface for real time monitoring, analysis, and KPI reporting to provide man-
agement with actionable information about the operating and mechanical 
performance of crews and equipment.
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Decarbonization Drives Interest in Long-Duration Energy 
Storage
K. Meggers; Energy, Burns & McDonnell, Kansas City, MO
The quest to decarbonize and maintain grid stability is ongoing for utilities 
across the country, but even more so with mandatory renewable portfolio 
standards. Over the  last few years, the energy storage market has seen 
unprecedented growth with the deployment of renewable resources. Nearly 
all energy storage installations in 2021 were lithium-ion with a discharge 
duration of 2-4 hours. To decarbonize, utilities will need long duration energy 
storage (LDES) that can provide power for up to 24 hours or multiple days. 
This presentation will provide an overview of the LDES market, public/private 
investment, and how technologies compare technically and economically.

Valley Closure Movements Due to Coal Underground 
Mining
J. Romero and Z. Agioutantis; Mining Engineering, University of Kentucky, 
Lexington, KY
The prediction of ground movements due to underground mining has been 
studied by researchers over many decades. These studies have been fo-
cused on the implementation of different analytical and empirical models 
which can calculate ground deformation indices for either flat or gentle slope 
topography. However, these models cannot always be applied to steep val-
leys, where a different behavior is typically observed. Such deformations may 
include valley closure movements and upheave of the valley bottom. This 
presentation will critically review the published literature on such movements 
and present a different approach to predicting these ground deformation 
indices

Analysis of Steel Props under Different Loading and  
End-conditions
K. Mohamed, T. Batchler, T. Matthews and D. McElhinney; National Institute 
for Occupational Safety and Health, Pittsburgh, PA
Steel props are standing supports used in coal mines. Sometimes the prop 
is subjected to lateral loading of spalled ribs. To ensure safety of mine work-
ers, the performance characteristics of the prop was studied. Eighteen Quik 
Stik props of 8 ft tall were tested using the Mine Roof Simulator (MRS) at 
the NIOSH Pittsburgh research facility. Six props were tested under vertical 
loading. Of those, three props were tested with steel platen end-conditions 
and three props were tested with strong synesthetic rock end-conditions. 
Twelve props were tested under lateral loadings with low and high roof-to-
floor convergences. For each low and high roof to floor convergence, three 
props were tested with steel platen end-conditions and three were tested 
with strong synthetic rock end-conditions. Compared with steel platens, the 
capacity and stiffness of the tested props were slightly reduced with strong 
synthetic rock end-conditions. The lateral loading capacity of the prop was 
found dependent on the amount of roof-to-floor convergence.

Roof-support Interaction in Longwall Gateroad Stability 
Analysis using Bonded Block Modeling
Z. Khademian¹, G. Esterhuizen² and M. Sears¹; ¹Ground Control, National 
Institute for Occupational Safety and Health Pittsburgh Research Laboratory, 
Pittsburgh, PA and ²Independent Mining Engineer, Pittsburgh, PA
According to the 2010-2019 Mine Safety and Health Administration (MSHA) 
accident report database, 91% of reported ground control accidents in the 
US longwall mines were caused by gateroad roof instability. Gateroads are 
subject to significant changes in loading conditions from the development to 
the longwall abutment loading phases. When combined with thinly bedded 
shale roof, found in many US longwall coal mines, design of efficient roof 
support becomes challenging. In previous work, the Bonded Block Method 
(BBM) modeling of roof by UDEC was validated against field extensometer 
measurements in a longwall gateroad entry roof at a 180 m depth of cover. 
BBM was shown capable of capturing delamination and buckling of shale 
roof, one of the main roof instability mechanisms in longwall mines. This 
paper presents the recent findings on the roof-support interaction using 
BBM models of the same longwall entry. Effects of cable bolts, roof bolt 
density, and pre-tensioning are studied. Results show the potential for BBM 
numerical models to help understand the complex roof and support system 
interactions and to assist with optimizing gateroad support systems.

Systematic Investigation on the Effect of Particle Size on 
Low-Rank Coal Spontaneous Combustion
Y. Zhang, Y. Luo and S. Amini; West Virginia University, Morgantown, WV
Coal’s propensity for spontaneous combustion is strongly influenced by par-
ticle size, air humidity, and air temperature. The effect of particle size on 
the low-rank coal self-heating was studied by testing three types of coal at 
different size fractions under pseudo-adiabatic conditions. To obtain a sys-
tematic understanding of the particle size effect, the original R70 experiment 
was modified by introducing humid oxygen with different temperatures and 
relative humidity. After quantitative analysis of the R70 indices and the time 
to thermal runaway in modified R70 tests, the combined effect of coal parti-
cle size, air humidity, and air temperature on self-heating was explored. The 
results revealed that the particle size effect is more significant for coals with 
higher self-heating propensity and at lower air temperatures. A series of tests 
with water cutoff when the coal self-heating was well underway indicated a 
lagging effect of excessive water vapor, and this effect decreased when the 
particle size increased. Investigations on the wetting heat indicated that the 
spontaneous combustion of coarser coal particles was more dependent on 
wetting heat than finer particles.

Characterizing Radio Emissions from Electronic Systems 
Used in Underground Coal Mines
C. Zhou and J. Srednicki; NIOSH, Pittsburgh, PA
Sensors and other electronic systems have been increasingly used in un-
derground mining to improve mine safety. These electronic systems emit 
electromagnetic (EM) energy which can adversely impact the performance 
of other systems nearby and thus their radio emissions should be character-
ized. NIOSH researchers evaluated the EM energy emitted from a variety of 
electronic devices (i.e., a power air purifying respirator (PAPR), two personal 
dust monitors, a strobe light, and two muti-gas detectors) that can potentially 
interfere with the performance of proximity detection systems (PDSs) and the 
measurement results are summarized in this paper. The results and findings 
in this paper can help the mining industry better understand electromagnetic 
interference (EMI) underground and provide critical scientific data that may 
support mining-specific recommendations to address EMI related challenges.

A Comparison Between EM Emission Reduction Methods 
for Personal Dust Monitors
Y. Zhang, C. Zhou, J. Carr, J. Srednicki, C. Jobes, D. Tuchman, M. Yekich and 
J. Galanko; NIOSH, Centers for Disease Control and Prevention, Atlanta, GA
The personal dust monitor (PDM) is an essential piece of equipment for 
working in hazardous environments to monitor real-time coal dust exposure 
and is mandated for underground coal mines. Researchers from the National 
Institute for Occupational Safety and Health (NIOSH) found that it is possi-
ble for electromagnetic interference (EMI) between a PDM and a proximity 
detection system (PDS) to occur. Various approaches have been taken by 
researchers and manufacturers to address this EMI issue. Shielding pouches 
were made to contain the EM emission from the PDM. Metal shielding was 
added to major EM emission components. Administrative controls were rec-
ommended to keep the PDM six inches away from the wearable PDS device. 
EMI filtering with large capacitors was introduced to mitigate EMI. Most re-
cently, a novel magnetic-field-cancellation-based approach was developed 
and achieved remarkable result. In this paper, we provide a comparison be-
tween all of these approaches. The pros and cons of each approach are pre-
sented and discussed, so that mining device manufacturers and operators 
can best evaluate the technology and controls that improve health and safety 
of mine workers.
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ENVIRONMENTAL: GREEN MINING II
2:00 PM
Chairs: L. Sunna, Freeport McMoRan, Phoenix, AZ 
A. Patel, Barr, Salt Lake City, UT 

Introductions

Implementation Problems of Sustainable Green Supply 
Chain in the Iranian Mining Industry
K. Tolouei¹, E. Moosavi1, M. Gholinejad¹ and A. Nasseri²; 1Department 
of Petroleum and Mining Engineering, South Tehran Branch, Islamic 
Azad University, Tehran, Iran, Tehran, Iran (the Islamic Republic of) and 
2Department of Mining Engineering, Ahar Branch, Islamic Azad University, 
Ahar, Iran, Ahar, Iran (the Islamic Republic of)
Mining operations, including exploration, extraction, blasting, haulage, load-
ing, maintenance, expansion, mine closure, and reclamation can impact 
social and environmental systems in a range of positive and negative, and 
direct and indirect ways. Mining can yield a range of benefits to societies, but 
it may also cause conflict, not least in relation to above-ground and sub-sur-
face land use. Sustainable green supply chain management and its role in 
mining industry strategy and operations have not been comprehensively ad-
dressed. This paper outlines various green issues in the Iranian mining sup-
ply chains and their impact on attaining sustainable development. Despite 
the considerable concentration on sustainable supply chain management 
among manufacturing organizations, Iranian manufacturing companies are 
still in the initial stage. The results showed that the legal requirements and 
regulations, internal environment management, green design, and green 
technology have more ultimate importance than other measures in the field 
of green supply chain management of Iran’s mining industries.

Implementation of Renewable Energy at Your Mine Site – 
The Five Things You Need To Know
S. Tilley; Energy & Process Industries, Black Veatch, Denver, CO
Implementing renewable energy technologies at a mining site presents a 
wide range of complex issues with many potential solutions and pitfalls. To 
aid in navigating this dynamic landscape, audience members will receive 
an overview of the key issues involving the co-location of renewable energy 
technologies at an existing mining site. Topics such as technology selection, 
facility sizing, project siting, costs & schedule, and execution models will be 
explored. Various case studies will also be presented to demonstrate suc-
cessful implementation including key challenges & work-arounds.

Where to Draw the Line: Scoping Your Green Mining 
Project
C. Kincaid¹, G. Whipp2 and K. Gattens3; 1Underground, Epiroc Rock Drills 
AB, Orebro, Sweden; 2JDS Energy and Mining, Golden, CO and 3JDS Energy 
and Mining, Vancouver, BC, Canada
Mining is going green. Slowly, the industry is exploring more and more what 
applying new, environmentally friendly technologies to mining projects will 
mean. Our path so far has been littered with questions: Where do we start? 
How will this affect our operations? Is innovation a threat to our workforce? 
What are the barriers to adopting these new technologies? However, the 
more answers we achieve, the less it seems we know. Often, as operators 
start to make progress, they begin to ask, “where do we stop?”. The journey 
of green-ification will likely never end. However, on a project-level scale, it is 
important to establish realistic boundaries around your green mine and what 
you can affect, based on what matters to your employees, your local and In-
digenous communities and the environment in which you are situated. What 
is your green area of focus? How much can you affect that area of focus, 
and what happens to that focus when it leaves your project boundaries? In 
this presentation we will utilize real-life case studies to discuss important 
considerations for selecting a realistic focus and drawing a scope box, as 
well as how best to communicate that scope box to all stakeholders.

Innovating Mining with Sustainable Business Models –  
The Profitable Pathway to the Social Licence to Operate
S. Krause², O. Drusche1, H. Mischo3 and J. Kretschmann4; ¹Technische 
Hochschule Georg Agricola, Bochum, North Rhine Westphalia, Germany; 
2Mechanical Engineering and Material Sciences, Technische Hochschule 
Georg Agricola, Bochum, North Rhine Westphalia, Germany; ³Institut für 
Bergbau und Spezialtiefbau, Technische Universitat Bergakademie Freiberg 
Fakultat fur Geowissenschaften Geotechnik und Bergbau, Freiberg, 
Sachsen, Germany and 4Rheinisch-Westfalische Technische Hochschule 
Aachen, Aachen, North Rhine Westphalia, Germany
Mining is and will be inevitable in spite of the increasing implementation of 
circular strategies. The energy transition and population growth will boost the 
demand for critical raw materials. It is the opportunity for miners to reinvent 
their business models. Generating attractive new business cases with sus-
tainability-oriented innovations meets investor and stakeholder expectations 
from the beginning. This contribution guides managers on their pathway to-
wards sustainable success. Contextual sustainable business model patterns 
will be presented that can be adjusted individually, regardless of actor’s size. 
It will also point out, how sustainable value creation can be measured on 
business model level.

Renewables on the Mine Site: A Path to Economical 
Implementation
D. McLane¹ and M. Brinkman²; 1Mining, Burns & McDonnell, Kansas City, 
MO and 2Burns & McDonnell, Kansas City, MO
Many mine sites have three key characteristics that are good for building 
new renewable energy projects: electrical load, buildable land, and tax ap-
petite. So why are solar and wind projects often not economical to build at 
a mine? The short answer is often the rate structure employed by electrical 
utility. This presentation will discuss the economic drivers of building a re-
newable project and explain why the financials typically do not look favorable 
when compared to other capital projects. The benefits of a customer sited 
renewable energy project to the utility will be discussed to provide negotiat-
ing points with the utility. Information from case studies at hard rock mines 
in the western US and a potential path to economical implementation will 
be shared.

Building Trust While Innovating Methods
M. Youngblood; Marketing, Rail-veyor Technologies Global Inc., Sudbury, 
ON, Canada
As the mining industry responds to the call to decarbonize its own oper-
ations while supplying critical minerals to the renewable energy transition, 
innovative technologies must close the gap to Net Zero. But how do these 
technologies build trust and find a place in the market? In this session, we 
will explore the journey one such OEM has taken to help mining companies 
to significantly cut operating costs while keeping worker safety and commu-
nity health as a priority. This fully electric and autonomous material haulage 
system has commissioned eight installations in five countries since 2007 
and is scheduled to double that number in the next two years. We will take 
a deep look at one of the North American installations to see how Railveyor 
worked with the team at the mine to develop a strategy together. We will also 
briefly share how carbon taxing, credits and investor mandates have played 
a significant role in market adoption.
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Life Cycle Analysis (LCA) and Environmental Product 
Declaration-EPD as a Value-Creating Tool in the 
Aggregates Industry
S. Escudero; Mining, Industrial Conconcreto, Medellin, Antioquia, Colombia
This industry generates Environmental Impacts: extraction of large quantities 
of raw materials, high energy consumption and significant production of air 
and water pollutants and waste. This study is intended to be a contribu-
tion to promote the voluntary declaration of the environmental impacts of 
a product and public publishment in the International EPD system ® A life 
cycle assessment of sand and gravels (cradle to gate more transport module 
of the client) was performed including Raw material supply, transport, and 
manufacturing. The application, maintenance and demolition stages were 
not included according to the PCR 2019:14 Construction Products and EU 
15804:2019 In the activities where collection of data from companies was 
not possible, generic databases (Ecoinvent 3.8) were used as reference. Us-
ing CML baseline method, Environmental Footprint 2.0 and IPCC 2013 the 
Environmental Impacts of 3 references were analyzed. The results show that 
the transport of aggregates and sands is the stage with the greatest environ-
mental impact due to the use of fossil fuels and the long distances that the 
materials travel to reach the construction sites.

TUESDAY, FEBRUARY 28
AFTERNOON

Environmental: Sustainability & ESG Disclosures

2:00 PM
Chairs: K. Awuah-Offei, Missouri University of Science & Technology, 
Rolla, MO 
K. Brantingham, ARCADIS, Phoenix, AZ

Introductions
Effect of Mass and Economic Allocation on Tellurium Life 
Cycle Impacts
I. Paschalidou, K. Awuah-Offei and M. Moats; Thomas J.O’Keefe Institute for 
Sustainable Supply of Strategic Minerals, Department of Mining and Explosives 
Engineering, Missouri University of Science and Technology, Rolla, MO
Tellurium (Te) is a rare metalloid that is predominantly produced from the 
treatment of anode slimes formed during copper (Cu) electrolytic refining. 
The US Government lists Te as one of the 50 critical minerals, partly, because 
of its use in thin-film photovoltaics. Given policy initiatives to increase Te 
production, it is important to evaluate the life cycle environmental impacts of 
Te recovery as a by-product of Cu processing. The literature contains a few 
specific life cycle assessment (LCA) studies of groups of metals that include 
Te without proper regard to impacts per life cycle stage of Te production or 
the effect of allocation on the results. This study builds an LCA model of the 
production system of Te from anode slimes treatment to evaluate the effect 
of allocation on life cycle impacts. We build life cycle inventories using data 
from the Ecoinvent v3.7.1 database, literature, and engineering calculations 
and allocate impacts in proportion to products’ mass and economic value. 
The results show that mass-based allocation yields greater impacts than 
economic value-based allocation indicating the significant effect of the allo-
cation approach on life cycle impact estimates.

Preparing for Transparency in Greenhouse Gas Emissions 
and Reduction Goals
M. Hauner-Davis; Environmental Services, Burns & McDonnell, Kansas City, MO
Transparency with Environment, Social and Governance (ESG) criteria and 
setting goals in these areas is becoming increasing more important to con-
sumers and investors. In fact, the SEC recently proposed requirements for 
reporting companies to includes transparency in ESG criteria and in set-
ting goals related to these criteria, including greenhouse gas emissions. As 
such, determining a company’s greenhouse gas (carbon) inventory for each 
year as well as setting a carbon baseline and carbon reduction goals will 
be crucially important to investors, upstream and downstream consumers 
as well as business overall to not only the mining industry but all compa-
nies moving forward. Carbon inventories consisting of Scope 1, Scope 2, 
and Scope 3 emissions will be examined and explained in this presentation, 

as they related to the mining industry. Common goals that have been set 
by various mining companies will be explored and methods to meet these 
goals will be discussed. This includes not only methods for reducing Scope 
1 (on-site greenhouse gas emission sources) but also Scope 2 (purchased 
electricity and steam), and Scope 3 (upstream and downstream greenhouse 
gas emissions).

Sustainable Development Goals for Artisanal and Small-
Scale Mining (ASM) in Colombia
I. Cerchiaro Sanchez and O. Restrepo Baena; Materials and Minerals, 
Universidad Nacional de Colombia, Medellin, Antioquia, Colombia
In Colombia, a large percentage of gold production is in the artisanal and 
small-scale mining sector, it is important to know that this sector is largely 
affected in social, economic and environmental aspects, under this premise, 
an academic research focused on the sub-region of Bajo Cauca where the 
Sustainable Development Goals are related, the situation in the sector and 
also the studies that have been conducted, resulting in which are the SDGs 
in which more work should be done and some public policy proposals that 
would support the idea that sustainable mining can be done.

Certification of Responsible Mining: Are we driving the 
train or tied to the tracks?
J. Renner; The Chemours Company, Wilmington, DE
Chemours worked with the Wildlife Habitat Council to examine options for 
Certification of Responsible Mining to comply with a customer’s supplier 
code of conduct. Certification of Responsible Mining is an environmental, 
social, and governance assessment and rating system comparable to other 
sustainability protocols, but the apparent intent of companies incorporating 
it into their green supply chain programs is to draw attention to and address 
issues specific to raw material production. Chemours’ and WHC’s review in-
dicated that pharmaceutical, electronics, and automotive manufacturers are 
increasingly focused on responsible mining, so certification could become 
mandatory for many mineral producers. Several approaches to Certification 
of Responsible Mining have emerged, but none is yet pre-eminent, and min-
ing industry peers have not communicated substantial interest in pursuing 
certification. Consequently, SME member companies have an opportunity 
to work toward defining a reasonable process and avoid being caught un-
awares by customer requirements.

Institutions in the Sustainable Livelihoods Framework: A 
Practical Tool for Coexistence, and Environmental, Social, 
and Governance Strategies
A. Delgado-Jimenez, E. Holley and N. Smith; Mining Engineering, Colorado 
School of Mines, Golden, CO
This study uses the sustainable livelihoods framework (SLF) as a tool to as-
sess and inform coexistence strategies between artisanal and small-scale 
mining (ASM) activities and large-scale mining projects. We present a case 
study from the Antioquia department in Colombia, where a large-scale min-
ing company has supported artisanal and small-scale miners in becoming 
formalized. Focusing on institutions in the SLF, this research highlights three 
aspects of this case. First, formalization provided a structure for the rela-
tionship between the large-scale company and a group of ASM operators. 
Second, formalization regulated access for ASM operators to carry out their 
livelihoods under a set of legal, technical, and economic procedures. Third, 
formalization enabled ASM operators to obtain some forms of capital and 
mitigated some of the vulnerabilities, providing them with the ability to en-
gage in more sustainable livelihoods. This study concludes that institutions 
within the SLF are a key element to examine and assess to what extent they 
can facilitate better environmental, social, and governance (ESG) outcomes 
among both large- and small-scale mining operators.
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Cultural Resources and the Mining Sector: The “Welsh-
Dunlap” Site
C. Westmor; Cultural Resources, Civil Environmental Consultants Inc, 
Indianapolis, IN
Everyone knows that archaeology is a topic that peaks a lot of personal 
interest. Some may know that archaeology, and the environmental review 
process, can be viewed as a thorn in the side of many projects across all 
marketing sectors. Sometimes they’re expensive and take time. We’ve all 
heard that spending a little time and money upfront can save a project a lot 
of time and money in the long run. The “Welsh-Dunlap” a large prehistoric 
site that was located in the center of a wetland mitigation project Civil & 
Environmental Consultants, Inc. was assisting Peabody Mining with. This talk 
will outline the cultural resource componant of Section 106 review and how 
cultural resource management teams can work for our clients to ensure 
their projects can succeed while learning about, and preserving, cultural 
significant sites. In the case of the “Welsh-Dunlap” site, a thurough survey 
of the site and literature review revealed a complex archaeological site with 
thousands of artifacts and whispered rumors.

TUESDAY, FEBRUARY 28
AFTERNOON

HEALTH & SAFETY: HAZARD RECOGNITION 
USING ARTIFICIAL INTELLIGENCE AND MACHINE 
LEARNING

2:00 PM
Chairs: J. Monsalve, Virginia Polytechnic Institute and State Univer-
sity, Blacksburg, VA 
J. Sattarvand, University of Nevada Reno, Reno, NV 
A. Richins, University of Utah, Salt Lake City, UT 

Introductions

A Portable Deep Learning-Based Solution for Roof Fall 
Hazard Detection
A. Anani, N. Risso and P. López Vidaurre; Mining and Geological 
Engineering, University of Arizona, Tucson, AZ
Current deep learning models used for roof fall hazards prediction are com-
putationally expensive and lack the robustness for accurate prediction in the 
underground mining environment. This research aims to develop a robust, 
low-cost, deep learning-based algorithm for underground mine roof fall haz-
ard prediction. A data sampling plan is developed to ensure the replicability 
and robustness of the developed model. In addition, feature engineering and 
transformation methods are implemented to identify relevant features for 
hazard identification. The developed model is tested and implemented as a 
real-time mobile device application. The new tool is expected to detect roof 
fall hazards in real-time.

Role of Grammar, Linguistic Rules, and Contextual 
Representation in Advancing the Natural Language 
Processing of Mine Safety Narratives
R. Pothina and R. Ganguli; Mining Engineering, University of Utah, Salt Lake 
City, UT
Natural language processing (NLP) is a powerful AI tool in auto-processing 
large amounts of text to be interpreted and gain valuable insights. Although its 
application is relatively new to mine safety, the potential for benefits is enor-
mous. In the past, authors have successfully applied NLP based Random For-
est (RF) models to classify accident narratives from US Mine Safety and Health 
Administration (MSHA) database, and a partnering mine. The classification 
performance and the insights gained on hazard recognition proved immensely 
beneficial to stake holders, in improving safety. However, NLP application has 
its own set of grand challenges in terms of training the data, development time, 
homonyms, unstructured text, and false positives. Mine safety, being a niche 
area, and possessing unique set of vocabulary and jargon, brings additional 
challenges. Authors have addressed some of the challenges with approaches 
based on expert knowledge, specific phrases, and heuristic rules, with varied 

success. As a continuation, the current work focuses on improving model suc-
cess rates by exploring the aspects of grammar, linguistic rules, and contextual 
representation (or a combination of all).

Creating a Framework for Assured Autonomy
M. McNinch and D. Terzi; National Institute for Occupational Safety and 
Health, Spokane, WA
Mining within the US is moving towards greater autonomous control of 
equipment. Current solutions frequently rely on equipment isolation to pro-
tect workers or have impractical demands on bandwidth and communica-
tions integrity. Further, there is concern within industry that a systems safety 
approach to autonomous equipment is not fully developed. Researchers at 
the National Institute for Occupational Safety and Health (NIOSH) are current-
ly investigating the state of autonomy and its evolution regarding standard-
ization and eventual regulation. This paper discusses the state of automation 
in mining today and presents a novel framework: Assured Autonomy Super-
visory Intervention System Technology (AASIST), which endeavors to address 
systems safety while adhering to emerging standards for interoperability. 
AASIST will provide a redundant system for probabilistically assessing risk 
and determining intervention strategies to ensure worker safety.

Modeling the Number of Days Lost from a Mining Accident 
by a Two-Stage Hierarchical Machine Learning Approach 
and MSHA Accident Data
D. Sirigiri¹, S. Chatterjee¹, R. Kaunda2, H. Miller2 and A. Majdara1; 1Michigan 
Technological University, Houghton, MI and ²Colorado School of Mines, 
Golden, CO
Several risk indicators are used in the mining industry to understand the 
potential health and safety risk, and the number of days lost is considered 
one of the critical factors. This research has exploited an innovative approach 
to predict and quantify the number of days lost from the Mining Safety and 
Health Administrator (MSHA) accident database. A total number of 7 risk 
factors for mining accidents and injuries were utilized to develop a hierar-
chical machine learning model using multiple classifications and regression 
models. In this two-stage hierarchical model, we have applied a classification 
algorithm for two-class classification (day-lost and no-day lost classes). If 
the classification model classifies a sample as a day-lost class, a regression 
model is applied to predict the number of days lost. We have used different 
machine learning models both for classification and regression models. Re-
sults demonstrated that the hierarchical model performs significantly better 
than a single regression model to predict the number of days lost. However, 
results also show that data augmentation and feature selection don’t im-
prove the model performance significantly.

Toward Smarter Safety Management Systems: Using 
Machine Learning to Predict Injuries and Identify Leading 
Indicators in Mine Operators’ Daily Safety Reports
L. Brown¹, A. Dinesh¹, H. Cui² and J. Burgess¹; ¹Mel & Enid Zuckerman 
College of Public Health, The University of Arizona, Tucson, AZ and 2School 
of Information, The University of Arizona, Tucson, AZ
Although steady progress has been made to improve worker safety, compa-
nies struggle to identify health risks and avoid conditions giving rise to haz-
ards. There is a need to focus on leading indicators which use the wealth of 
data being collected on daily operations and workplace conditions to prevent 
occupational exposures and incidents. In this project, we used four machine 
learning algorithms, including Support Vector Machine (SVM), Random For-
est, FastText, and BERT, to identify injury risks in mine operators’ daily safety 
reports. Leading indicators for six types of injury were considered: Ankle, 
back, eye, hand, knee, and shoulder. Machine predictions were compared to 
those of two safety experts; SVM and FastText yielded the best performance, 
as measured by F1 score, and provided high levels of recall accuracy (>80% 
at K = 4) in three injury classes (back, eye, and hand). Association Rule Min-
ing (ARM) was then used to discover leading indicators in operators’ incident 
reports. Four safety experts deemed 39 rules to have high utility as leading 
indicators. In this talk, we outline these findings and provide association rules 
to improve risk analysis and controls hierarchies.
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Characterizing Fire Sources in Large Ventilation Networks 
using Machine Learning
D. Bahrami1, Y. Xue1, L. Yuan¹, L. Zhou¹ and C. Slaughter²; ¹CDC NIOSH, 
Pittsburgh, PA and 2Nevada Gold Mines, Elko, NV
Underground mine accidents, such as mine fires, remain a health and safety 
risk to the mine workers. Dealing with an unknown underground fire hazard 
can be a challenging task as these types of events can deliver toxic gas-
es to places where mine workers are and may create a health and safety 
concern for miners. The application of Machine Learning (ML) has become 
a powerful tool in other industries with the help of increasing computing 
power. These advancements have enabled the development of data-driven 
predictive models that can be applied to miners’ health and safety problems. 
The new methodology, developed by researchers at the National Institute for 
Occupational Safety and Health, has shown to be promising in characteriz-
ing unknown underground fires. This paper describes the application of the 
methodology to large underground metal ventilation networks. The results 
of this case study demonstrate the successful application of this method in 
large ventilation networks. The results provide a path forward in applying the 
ML-based models and developing a diagnostic tool to help solve the problem 
of unknown underground fires and reduce the risk of hazardous conditions.

Development of a Predictive Model for Estimation of RCMD 
Exposure in Underground Mines: A Case Study
M. Acevedo¹, S. Leng² and P. Roghanchi¹; 1Mineral Engineering, New 
Mexico Institute of Mining and Technology, Socorro, NM and ²University of 
New Mexico Health Sciences Center, Albuquerque, NM
The MSHA’s new dust rule states that personal dust monitoring (PDM) is 
optional for non-production areas of underground coal mines. However, the 
exposure level for the workers with the highest dust concentration is not nec-
essarily representative of the level of exposure for other miners who are not 
wearing PDM. Furthermore, RCMD personal sampling based on the mass 
concentration may not be able to represent the true RCMD dose accurately. 
Therefore, developing an alternative tool that indicates the RCMD exposure 
at various locations of the mine will be advantageous. This research focuses 
on developing dust maps based on RCMD concentrations at various loca-
tions in underground mines. For this purpose, machine learning techniques 
were utilized to estimate the spatial accumulation of RCMD at various loca-
tions in underground coal mines. The proposed dust maps, as a dust distri-
bution index, will enable the detection of high dust concentration zones at 
various parts of an underground mine. Categorizing the mine into locations of 
greater or lesser risk conditions allows for preventive dust control strategies.

Computational Risk Analysis of Underground Coal Mines: 
Modeling Risk Using CDC Employment Demographics
C. Beeche², M. Acevedo¹ and P. Roghanchi¹; ¹Mineral Engineering, New 
Mexico Institute of Mining and Technology, Socorro, NM and ²University of 
Pittsburgh, Pittsburgh, PA
Despite significant improvements in overall safety, inherent uncertainties 
associated with enclosed mining operations remain a significant problem 
in coal mining. Therefore, the development of an alternative tool as several 
machine learning models that were trained to classify each mine into one 
of two categories (low-high risk) will be advantageous. The focus of this re-
search is to classify and score underground coal mines into risk categories 
based on CDC mine demographics. For this purpose, 3,982 coal mines and 
over 22,000 unique data series for 30 years of data reported to the Center 
for Disease Control (CDC) mine employment database were analyzed. Risk 
was quantified by scaling the number of injuries by the size of the mine using 
standard reported mine information (i.e., number of underground employees, 
number of surface employees and coal production). The developed Auto-
mated risk classification model generates an AUC of 0.730 (95% CI: 0.654 
– 0.806) when classifying mines into “low-risk” and “high-risk” categories. 
Coal mine risk can be classified and scored using employment demograph-
ics. The proper allocation and distribution of workers can minimize risk in 
coal mines.

TUESDAY, FEBRUARY 28
AFTERNOON

HEALTH & SAFETY: INNOVATIONS IN 
EMERGENCY PREPAREDNESS AND RESPONSE

2:00 PM
Chairs: C. Kocsis, University of Utah, Salt Lake City, UT 
B. York-Ferin
R. Ray, MES Mining

Introductions

Analysis of Crew Evacuation Time During Different Fire 
Scenarios in Underground Confined Space Using Agent-
Based Modeling
O. Salami and G. Xu; Mining and Explosives Engineering, Missouri 
University of Science and Technology, Rolla, MO
The occurrence of fires in any part of the underground pose severe threats 
to underground workers and underground facilities. These fires are very 
dangerous for crews and the exploitation process because they develop 
very rapidly and are extremely difficult to put off because of the complex-
ities of the underground mine workings, and sometimes the presence of 
combustibles products such as diesel, and conveyor belts located within the 
underground workings. For this reason, it is imperative to conduct a relevant 
analysis of different possible fire scenarios and evaluate the required evacu-
ation time for crew members to escape from the underground structure. This 
will enable mine operators and the underground crew members to know 
the level of emergency preparedness and evacuation plan required to avoid 
causalities in the underground. This study presents a case study of three 
different possible fire scenarios in a mine and the required evacuation time 
for the crew to escape to safety using agent-based simulation. The result of 
this study will further improve our understanding of how fire location in the 
mine could influence the evacuation rate

TMR – Tactical Medical Mining Rescue
F. Reuter¹, J. Brune² and H. Mischo¹; ¹Technische Universitat Bergakademie 
Freiberg, Freiberg, Sachsen, Germany and ²Colorado School of Mines, 
Golden, CO
Mine rescue teams are used for the rescue and recovery of mine workers 
and for underground firefighting and technical assistance. The present pa-
per focusses on a newly developed and implemented training course which 
enhances and refines the participants’ skills and qualifications in the field 
of extended first aid through the application of tactical medicine methods. 
The training is based on a highly structured standardized training curriculum 
which enables the mine rescue team members to gradually develop practi-
cal skills following the steps of a specially developed action algorithm. This 
streamlined and stress-optimized medical treatment algorithm focuses on a 
logical chain of therapy decisions based on simple diagnostic results without 
the need for extensive medical knowledge.
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A Long-Term Field Evaluation of Mining Escape Respirators 
Conducted from Sept 2019 to July 2020
S. Moore, G. Walbert, W. Monaghan and J. Simons; National Personal 
Protective Technology Laboratory, NIOSH, PIttsburgh, PA
Known as self-contained self-rescuers in the mining industry, closed-circuit 
escape respirators (CCERs) that are deployed to underground coal mines 
undergo long-term field evaluations (LTFEs) that are jointly performed by 
the National Institute for Occupational Safety and Health (NIOSH) and the 
Mine Safety and Health Administration (MSHA). These field evaluations 
provide performance, reliability, and user maintenance compliance data 
from the point of use for CCERs. In 2019, NIOSH implemented a revised 
LTFE strategy that includes, for the first time, the collection and evalu-
ation of units approved to the agency’s 2012 update to the regulation, 
Subpart O. Targeting units approved to both Subpart O and Subpart H, 
this revised strategy also prioritizes units exposed to more severe condi-
tions (i.e., belt worn or stored on mobile equipment). During this presen-
tation, NIOSH will present its findings for the carriable CSE SRLD and non- 
carriable CSE SR2000 units that were collected and tested between Sep-
tember 2019 and July 2020.

Optimization of Mine Evacuation Using Minimum Cost Flow 
Algorithm by the Inclusion of Mine Ventilation Components
S. Lotero¹, H. Khaniani² and P. Roghanchi¹; ¹Mineral Engineering, New 
Mexico Institute of Mining and Technology, Socorro, NM and 2PRRC, New 
Mexico Institute of Mining and Technology, Socorro, NM
During an underground mine fire, the presence of smoke and toxic gasses, 
low visibility, and changes in the ventilation system will make it extremely 
difficult to identify evacuation measures and the optimum path to safety. 
This paper presents an algorithm for solving the minimum cost flow network 
problem (MCFNP) for fire evacuations considering the distribution of toxic 
gasses inside the mine in real time. The proposed algorithm will identify 
the optimum evacuation paths requiring minimum decision-making time. 
The algorithm holds data in nodes and arches, accumulating values at each 
iteration, updating the network depending on the mine conditions. A fire sim-
ulation was performed in VentSim software to extract the air quantity, gas 
concentrations, visibility, and changes in the ventilation system data through-
out the incident zone. The presented algorithm finds the evacuation paths 
improving time-response and comparing the decision-making of miners 
in a successful evacuation. The prediction of concentrations of toxic gases 
recommends a safe path and avoids exposure to the danger zone despite 
the presence of the shortest path and road capacity toward the surface or 
refuge chamber.

Design of a Smart Sensor Housing for Underground Mine 
Rescue Robots
C. Dinelli², J. Racette², M. Hassanalian² and P. Roghanchi¹; ¹Mineral 
Engineering, New Mexico Institute of Mining and Technology, Socorro, 
NM and ²Mechanical Engineering, New Mexico Institute of Mining and 
Technology, Socorro, NM
Considering the challenges in deploying a robot in underground mines during 
an emergency, designing an intelligent sensor housing with the capability 
to be installed in various robot platforms will be advantageous. Funded by 
National Institute for Occupational Safety and Health (NIOSH), this project di-
rective is to develop a semi-autonomous multi-agent hybrid vehicle to assist 
mine emergency response teams in exploring, navigating, and mapping un-
derground mines during mining emergencies. The hybrid vehicle consists of 
an unmanned ground vehicle (UGV) housing computers, navigation sensors, 
gas sensors, cameras, batteries, and a drone inside a “smart box.” The smart 
box should be a rugged unit that meets the permissibility requirements. The 
box also serves as the primary method of deployment and retrieval of UAV 
and communication nodes. The “smart box” is the method for protection, 
delivery, retrieval, and communication between the two autonomous drones 
(UGV/UAV) and a mesh of internally stored communication nodes, making it 
a powerful tool for first responders. The system can be installed on any UGV 
platform with minimal adjustments.

Effect of Roof and Floor Strata on Explosion Resistance of 
Reinforced Concrete Wall for an Underground Coal Mine
K. Karadeniz, D. Guner and T. Sherizadeh; Mining Engineering Department, 
Missouri University of Science and Technology, Rolla, MO
Underground coal mines require mine seals and built-in place refuge alter-
natives, which can be constructed as steel-reinforced concrete with a certain 
resistance to explosion overpressures. Both seal and BIP RA are built over 
time in various mining sites, exposed to convergence from stress redistribu-
tion that may alter their reactions to explosions. A banded-bright coal seam 
mine with various roof and floor conditions is modeled, and a steel-rein-
forced concrete wall to be employed in such applications is simulated in 
dynamic analysis using a 3D distinct element method (DEM) to analyze the 
structural performance during an explosion in this study.

TUESDAY, FEBRUARY 28
AFTERNOON

Inclusion and Diversity: Allyship – The Benefits of Being 
an Ally, Steps to Being a Better Ally, and Driving Positive 
Action

2:00 PM
Chairs: A. Bertisen
A. Patel, Barr, Salt Lake City, UT

Introductions

How to be an Ally - From the Perspective of a Queer,  
BIPOC Woman in STEM
T. Darakjian; Mine Stability, Golder Associates Ltd, Toronto, ON, Canada
As a member of the engineering community since 2010, I have experienced 
the growing acceptance of gender, ethnic, and queer diverse people in the 
workplace. Having started my career identifying as a straight woman, I felt 
the need to hide my true self in the workplace when coming to terms with 
my queer identify. Particularly as I had built strong friendships with my work 
colleagues and feared I would be viewed differently or no longer accepted. 
During this time, there were limited conversations around being an ally as 
well as acceptable workplace language. The turning point for my feelings 
of fear and vulnerability occurred when I temporarily relocated to the WSP 
Golder Brisbane office. Upon arrival, I was struck with the amount of diversity 
and inclusion (D&I) training and pride related flags around the office. The 
transparency in D&I conversation resonated with me as I came to the reali-
zation of the importance of growing an inclusive culture in the work environ-
ment. My personal experience has provided me the insight and confidence 
I needed to become a leader in D&I in my home office and help advance 
strategic initiatives for developing an inclusive and accepting work culture.

Building Partnerships with Indigenous Peoples/Tribal 
Governments
O. Barber; ES/SD, Freeport-McMoRan Inc, Phoenix, AZ
This presentation will share FCX’s corporate approach to effectively engaging 
and collaborating with Indigenous People/Tribal partners in North America. 
The session will focus on case-studies of projects at our operations that 
created shared value for Tribes and the mining operation. The case-studies 
include projects and programs native plant harvests, respect of cultural her-
itage and social investments. In addition, we highlight the internal practices 
such as delivering Native American awareness trainings and developing 
cross-functional teams that make these relationships and projects suc-
cessful. We believe one of the best ways to build trust with tribal nations is 
through transparent, voluntary engagement throughout the lifecycle of the 
mining operation. Building trust with Indigenous Peoples is a consistent goal 
at each of FCX’s operations in North America which has resulted in many 
opportunities that have provided positive results for both the Tribe and the 
company.
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“Being an Ally”
R. Riggle; Caterpillar Inc., Menomonee Falls, WI
Forty-five years ago, when I began working in mining, there weren’t a lot 
of women working within the industry. Today, more and more women are 
entering the field in various roles — and these women need allies. In my 
presentation, I will focus on my own personal journey to becoming an ally 
and how a wise HR manager helped me hone my skillset. I will also discuss 
the benefits of being an ally and share my thoughts on the future of an inclu-
sive mining industry with work for everyone.

The Unexpected Connection Between Skateboarding, 
Allyship and the Workplace
C. Stazick; Spokane Mining Research Division, National Institute for 
Occupational Safety and Health, Washington, DC
As a woman and a life-long participant in male dominated activities, recre-
ationally and professionally, it can be empowering but lonely. Through join-
ing an LBGTQ+ and female skateboarding group, I learned how important 
it is to have allies present to create space and encourage participation in 
communities where they are the minority. An ally is someone who provides 
support, advocacy, and creates a welcoming space for others. Like skate-
boarding, employment in male-dominated industries can be an exclusionary 
space where people from under-represented groups are often harassed and 
feel the need to prove themselves. In these industries, longstanding cultur-
al ideologies can make it challenging for many women to enter or remain 
in the workforce, leading to stagnant numbers of female participation. This 
presentation will discuss how allyship can benefit recruitment and reten-
tion of under-represented groups within the mining industry. Regardless of 
someone’s background or “toughness,” having people present to provide 
an environment that promotes growth can help avoid departures from the 
industry for those who do not fit the traditional mold and encourage cultural 
shifts amongst workers.

Effective Allyship: Keys to Success
S. Murphy; BrainSkills@Work, Minneapolis, MN
Have you ever observed someone being treated less than respectfully? What 
do you do when you observe exclusionary behavior directed toward someone 
else? Do you step in? If so, how? This can be the most challenging part of 
being an effective ally. An ally is a person who makes an intentional decision to 
understand, empathize, and act in support of others. Come to this session and 
learn the keys to being an effective ally. You will learn the steps to being a better 
and engaged ally, including how to discern when and how to step in to disrupt 
exclusionary behavior. As an effective ally, you can create positive action and 
inclusive work environments. Session objectives: Why be an ally and how allies 
help create positive change Learn strategies and tools to be an effective ally

TUESDAY, FEBRUARY 28
AFTERNOON

INDUSTRIAL MINERALS & AGGREGATES: 
INNOVATIONS IN INDUSTRIAL MINERALS AND 
AGGREGATES II
2:00 PM
Chairs: G. Tomaino, Minerals Technologies Inc, Easton, PA 
B. Li, Michigan Technological University, Houghton, MI

Airfield Pavements: Materials and Forensic Analysis
C. Braaten; American Engineering Testing Inc, St. Paul, MN
Materials used for airfield pavements (USACE or FAA) are held to stringent 
specifications. This presentation will cover some of the common material 
specifictions, materials used, and forensic analysis of materials in place. The 
project specifications and proper placement of the materials used for airfield 
runways are crucial for safety and cost related issues that can affect aircraft/
aircraft personnel. Material assessment prior to construction is necessary 
and contractors should plan in advance as some tests can take a few months 
to a year to complete. There are also instances where a detailed pavement 
survey is performed on in service concrete pavements to assess any delete-
rious behaviors that may be a cause for concern.

Geologic Evaluation of the Superior, Arizona Perlite Deposit
N. Thomas; Natural Sciences, Northern Arizona University, Flagstaff, AZ
Superior, Arizona contains a significant deposit of perlite, a mineral formed 
by hydration of volcanic glass, deposited by a series of rhyolitic lava flows 
with glassy margins. Differences in the original glass such as the presence 
of trapped gasses lead to a variety of perlite types, influencing the industrial 
practicality. The deposit has been cut by a series of faults that eroded the 
flows on the west side. The Eastern blocks contain sufficient perlite due to 
burial of the flows. Perlite quality is a factor of devitrification, the conver-
sion of glassy material to crystalline which negatively effects the expansion 
capability. Drilled core is logged, a process of examining the texture, color, 
and lithology. Cores that contain little other lithologies and devitrification are 
sampled. The core is cut and sent for expansion testing. Perlite is expanded 
using rapid, controlled heating causing entrapped water molecules to steam 
and expand. Expanded perlite forms an internal structure that consists of 
pathways useful for filtering an array of products including pharmaceutical 
products. Quality perlite with little corruption and expands well will be used 
for industrial products.

Classification of Solid Wastes From Mining, Mineral 
Processing, and Metallurgical Activities - As Industrial 
Minerals Resources
B. Li¹ and G. Tomaino²; ¹Materials Science and Engineering, Michigan 
Technological University, Houghton, MI and ²Minerals Technologies Inc, 
Easton, PA
Solid wastes from mining, mineral processing, and metallurgical activities 
are critical environmental issues and meanwhile industrial mineral resourc-
es. There are numerous types of solid wastes from mining, mineral process-
ing, and metallurgical activities have been recycled and reused, but in gen-
eral they were classified and named by the processes producing them. It’s 
always existing a gap in matching the application products with suitable raw 
materials from the solid wastes. From viewpoints of materials science and 
industrial applications, these types of waste materials always share many 
similar characteristics, such as readily pulverized, particular range of chemi-
cal composition, unified particle size distribution. Classifying these materials 
based on their chemical/mineral compositions and structure (particuologic 
characteristics) would provide more accurate information for efficient utiliza-
tion of the waste materials but also narrow the gap between the resources of 
the solid wastes and utilizing product designs.

Leveraging Mineral and Nano Bio Technologies for Product 
and Process Innovations across Industry Sectors
B. Moudgil; Materials Science and Engineering, University of Florida,  
Gainesville, FL
Industrial practitioners and university researchers continue to make prog-
ress in advancing mineral technology process and product platforms. Most 
of the advances achieved are industry specific and in general incremental 
in nature. Another pathway is to adapt/hybridize concepts that have been 
already developed industries other than mineral technologies. This approach 
has the potential of transformational developments. For example, nanotech-
nology derived concepts may be used in producing value added products 
from existing industrial minerals or waste streams. At the same time mineral 
flotation concepts have helped in resolving microelectronics manufacturing 
problems. The two major challenges for cross hybridization is the lack of 
suitable industry and academic professionals that have the mindset, expe-
rience and ability to scan the technological landscape and identify the most 
relevant advances across industry sectors, and lack of adequate financial 
resources. In this presentation, select project ideas will be discussed as illus-
trative examples, and challenges and opportunities for process and product 
innovations will be outlined.
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Salt Mining to Aggregate Mining
R. Krok; Intern, LafargeHolcim North America Inc, Las Vegas, NV
For the past year, I have been interning on the Great Salt Lake in Utah helping 
process salt for water softening and food additive products. Gaining knowl-
edge in conveyor systems, crushing, screening, and stockpile management 
has benefited me greatly and I have become more knowledgeable in under-
standing the process. Eventually, the time was right for me to make the tran-
sition to another mining sector, and decided to get experience in aggregates. 
This past summer, I worked at a limestone mine in Sloan Nevada outside 
Las Vegas, and I understood what was going on the first day because I have 
seen crushing processes before. As a hardworking Gen Z, I have been four-
tunate to get industry experience through the food and aggregate sectors. 
The places I have gone, conferences I have attended, and people met in both 
industries would not be available to me if I focused on one specific material. 
From talking with people from Jelly Belly to getting a tour of Caterpillar, it 
has been a fun experience, and have enjoyed the ride. As a mining engineer, 
I have input about improving operations because of my past experiences. I 
believe if you try new sectors, you can see what you may and may not like.

TUESDAY, FEBRUARY 28
AFTERNOON

INDUSTRIAL MINERALS & AGGREGATES: VOICE 
OF FUTURE LEADERS OF IMAD
2:00 PM
Chairs: H. Patel, University of Nevada Reno, Reno, NV 
J. Sackrider, Westward Environmental, Inc., Boerne, TX 

Introductions

Case History – Application of High-Density Drilling and 
Geologic Modeling to Increase Frac Sand Productivity
J. Sackrider; Westward Environmental, Inc., Boerne, TX
Through implementation of high-density drilling and the development of high- 
resolution geologic computer models, frac sand producers are increasing 
their overall productivity. Detailed models of gradational data allow producers 
to develop weekly mine plans which optimize the blend of raw feed sent to 
the processing plant. With this, Mine Managers can reduce the strain on 
plant infrastructure and consumables, reduce waste and forecast product 
availability for their counterparts in sales. This presentation follows the pro-
cess of planning, data collection, testing, analysis, and development of the 
3D computer models, as well as how Mine Managers are using the results.

Impacts of Water Quality on Recoveries in Heavy Mineral 
Sand Wet Separation Processes
M. Hetherington; Minerals Operations, The Chemours Company, 
Wilmington, DE
The Mission deposit is part of a heavy mineral sands trend in southeast 
Georgia and north Florida. Mineral is initially concentrated using gravity sep-
aration by spiral concentrators on a barge plant that floats in a canal. Process 
water for the spiral concentrators is pumped from the canal the plant floats 
in. To reduce pumping and piping costs as the mining sequence progresses, 
the plant is designed to be towed into a new section of canal every 3 – 6 
months. Over time humate and solids will build up in the canal and alter the 
water quality, so moving the plant also incorporates fresh water into the pro-
cess circuit. When the Mission plant was forced to remain in a single canal 
section for 2 years, canal water turbidity readings exceeded 1,000 NTU. 
This study compares the recoveries measured before and after the mill was 
moved and water quality improved.

Increasing Participation of Women in Mining and STEM 
Innovation: A Young Leaders Perspective
D. Meissburger-Flores², C. Zurita³, C. Lagos³ and M. Risso¹; ¹Mining and 
Geological Engineering, The University of Arizona, Tucson, AZ; 2Universidad 
del Bio Bio, Concepcion, Bío Bío, Chile and ³Universidad de Concepcion, 
Concepcion, Chile
Increasing diversity in STEM areas is an ongoing industry concern. Several 
initiatives are active today to help bridge the gender and diversity gap, as we 
move towards more diverse human resources. Many factors affect young 
student’s career options, such as environmental awareness and seeking to 
put native tech skills in to action. In this presentation we provide an overview 
of the work young women’s groups to increase Engineering recruitment. We 
show that strategies that merge technical and social aspects, with focus on 
innovation, are putting traditionally underrepresented minorities in tech-lead-
ing teams in Mining and Energy fields.

Engineering Curricular Innovation
J. Banta; School of Mining and Mineral Resources, University of Arizona, 
Tucson, AZ
We’ve all heard it – mining curriculums are too narrow, don’t prepare gradu-
ates for the job they’ll actually be doing, and fail to keep pace with change. To 
tackle this, UArizona’s new School of Mining & Mineral Resources is piloting 
something new: Engineering Curricular Innovation. Our goal is to create a 
quick, repeatable process that efficiently identifies and prioritizes skill and 
knowledge gaps and needs, yielding curriculum quick-wins and longer term 
initiatives that result in a continuous improvement roadmap. Best of all, the 
process brings leading academics and industry experts to co-create this 
evolving path forward. We’ll share key learnings and outcomes as we take-
on incorporating new knowledge areas like ESG and the latest technology 
skills, and design targeted programming that prepares young geoscientists 
to hit the ground running.

TUESDAY, FEBRUARY 28
AFTERNOON

MINING & EXPLORATION: GEOSCIENCES: 
BEST PRACTICES IN GROUND SUPPORT IN 
UNDERGROUND MINES
2:00 PM

Chairs: S. Cicek, Nevada Gold Mines, Morgantown, WV 
Z. Scopa, Cargill Inc, Ithaca, NY

Introductions

Reinflation Testing of Inflatable Friction Rock Bolts
J. Hallowell and R. Cook; Call & Nicholas, Tucson, AZ
Inflatable friction rock bolts (IFRB’s) are often considered temporary ground 
support due to their susceptibility to weakening from corrosion. The suitable 
service life of an IFRB can be difficult to estimate due to varied conditions 
which affect the rate of corrosion. Some mine sites have experienced sev-
eral-year-long service life of IFRB’s without issue, while others experience 
corrosion related falls of ground in as little as 3-months. Localized corrosion 
of bolts can reduce or even eliminate the effectiveness of a rock bolt despite 
passing a pull test if the severe corrosion does not extend to the portion of 
the bolt near the hole collar. Reinflation testing of IFRB’s can give an indi-
cation of whether severe corrosion exists at some point or points along the 
length of the bolt and sufficient reinflation test data can be a useful aid in 
determining a suitable service life for a specific site or set of conditions. This 
paper presents case histories and strategies where reinflation tests have 
been used to address IFRB integrity along the entire length of the bolt as well 
as quantifying extents of underground workings where ground support may 
be compromised by corrosive conditions.
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Cemented Rockfill Size Effect Study with Specific Focus on 
Different Sample Preparation Techniques
J. Bourgeois¹, T. Emery¹, J. Seymour¹, D. Sweet¹ and D. Porter²; ¹National 
Institute for Occupational Safety and Health, Washington, DC and ²Lundin 
Mining Corporation, Toronto, ON, Canada
Cemented rockfill (CRF) is being used to backfill primary and secondary 
stopes at the Eagle Mine, an underground nickel and copper mine operated 
by Lundin Mining. NIOSH researchers from the Spokane Mining Research 
Division (SMRD) are conducting cooperative research with the mine staff to 
determine if the size of a CRF sample affects its measured strength proper-
ties. Based on previous NIOSH research, cylindrical samples of CRF ranging 
in size from six to eighteen inches in diameter were cast at the mine and 
cured underground. The samples were later transported to the SMRD labora-
tory and the Michigan Technological University where tests were conducted 
to determine the strength and elastic properties of the CRF. To further analyze 
the relationship between backfill density and compressive strength, different 
ASTM compaction techniques were used to cast the samples. For compari-
son, tests were also conducted on in-situ core samples that were drilled from 
a stope which had been backfilled with the same CRF mix. The data collected 
from this study not only improves our understanding of CRF in-situ properties 
but also helps optimize QA/QC methods for backfill preparation and testing.

Galvanic Corrosion Between Graphitic Rock and Ground 
Support in Underground Mines
C. Stazick, C. Sunderman and G. Feagan; Spokane Mining Research Division, 
National Institute for Occupational Safety and Health, Washington, DC
Galvanic corrosion between dissimilar materials, such as steel and graphite, 
leads to safety concerns for many industries, including mining. Rock sam-
ples from two mines in the US that exhibit electrochemical properties similar 
to graphite were analyzed through laboratory measurements to investigate 
their observed in situ influence on underground metal support. Uniform cor-
rosion rates of mild steel coupons, inflatable bolt coupons, and friction bolt 
coupons galvanically coupled to rock samples were obtained using both po-
tentiodynamic polarization and zero resistance ammetry. Increased uniform 
corrosion rates were witnessed between the coupled rock and steel system, 
over just the steel alone. Surface analysis of the metal samples showed 
the presence of pitting corrosion, reflective of bolt samples removed from 
partner mines. Corrosion pitting of ground support structures in contact with 
graphitic rock in underground mines poses safety concerns for mine workers 
by increasing the rate of corrosion and decreasing bolt strength over time 
and will be further investigated for intervention strategies.

Non-destructive Remote Detection of Corrosion on Rock 
Bolts
J. He and I. Barton; Mining Engineering, The University of Arizona, Tucson, AZ
Rock bolts are particularly susceptible to corrosion, especially in the min-
ing environment. This chemical corrosion can significantly reduce the fail-
ure strength of rock bolts and cause safety risks. The traditional method 
to detect the corrosion of rock bolts is the pull-out test, which is a destruc-
tive, time-consuming, and sometimes unsafe process. In order to develop 
a non-destructive, efficient, and safe method, we analyzed hyperspectral 
signatures of rock bolts and related them to different levels of experimental 
corrosion in sulfuric acid. The wavelengths used are from 350 – 2400 nm 
(VIS+VNIR+SWIR). The results show that the depths of ferric and ferrous 
features in the spectra appear to correlate with the extent of corrosion of rock 
bolts. Using band depth, width, position, full width at half maximum (FWHM), 
and asymmetry of spectral features as input variables and corrosion times 
as response variables enables construction of a multiple linear regression 
model and non-linear regression model. This can help differentiate mild, 
moderate, and severe corrosion levels based on scans of anchor heads and 
plates of rock bolts.

Large-Scale Laboratory Testing of Support and 
Unsupported Pillar Analogs
A. Chaurasia¹, G. Walton¹ and S. Sinha²; ¹Mining Engineering, Colorado 
School of Mines, Golden, CO and ²WSP Global Inc, Tempe, AZ
Prior studies on pillar behavior have focused largely on in-situ observa-
tion, where it is often difficult to conduct truly controlled experiments, 
and small-scale laboratory testing, where uncertain scale effects limit 

our ability to extrapolate findings to actual mining conditions. This re-
search has been focused on a series of large-scale laboratory compres-
sion tests on limestone blocks to analyze the rock behavior at a scale 
close to that of in-situ pillars (~0.5 m edge length). Additionally, fiber- 
optic-instrumented rock bolts have been used in some of the blocks in or-
der to evaluate the effect of reinforcement on strength and deformational 
behaviors. The tests have been performed using the Mine Roof Simulator 
(MRS) equipment at the NIOSH Pittsburgh laboratory. Using load and defor-
mation data, fiber optic sensor data, and three-dimensional digital image 
correlation (DIC), we investigate and interpret the rock damage process and 
ground-support interaction.
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MINING & EXPLORATION: GEOSCIENCES: 
INTEGRATED AND PRACTICAL APPLICATION OF 
ADVANCED COMPUTATIONAL GEOMECHANICS IN 
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Chair: R. Abousleiman, Knight Piesold and Co.

Introductions

Mechanics of Jointed Rock Made Easy
W. Pariseau; Mining Engineering, University of Utah, Salt Lake City, UT
Reliable engineering design of surface and underground excavations must 
take the important role of joints into proper account. Conventional wisdom 
states that the presence of joints makes rock masses more compliant and 
weaker than otherwise. How much more compliant and weaker is the prob-
lem addressed in this contribution. The approach to the problem is neces-
sarily numerical because of the complexities of geology, in situ stress and 
excavation geometry. The well-known finite element method is based on fun-
damentals and serves the purpose quite well while avoiding the shortcom-
ings of empiricism. Three easy steps of (1) preparation of a rock properties 
file, (2) automatic, interactive mesh generation, and (3) program execution 
are all that is necessary for seven distinct problem types. Now, newly de-
veloped software for embedding joints from multiple joint sets into the finite 
element mesh introduces a preliminary step for computation of equivalent 
properties. Results in the form of distributions of a local element safety fac-
tor are in keeping with observations and experience at several underground 
mines and demonstrate the practical efficacy of the approach.

Parametric Analysis of the Shear Strength Properties for 
Assessing Local Stability in an Underground Stone Mine
A. Soni², J. Monsalve¹ and N. Ripepi¹; ¹Mining and Minerals Engineering, 
Virginia Tech, Blacksburg, VA and ²Mine Tech - Geomechanics, Freeport-
McMoRan Bagdad Inc, Bagdad, AZ
Empirical and analytical approaches for underground pillar design are pri-
marily concerned with back-analyzing field data to assess local stability 
and estimate future design parameters. These methods ignore the com-
plex layout of governing joint networks in a limestone deposit. This study 
conducts a parametric analysis to include the effect of discontinuities for 
analyzing pillar design and a local area of an underground room-and-pillar 
stone mine. Discrete-element modeling (DEM) is effective for analyzing the 
rock mass strength of blocky rocks like limestone but is computationally 
intensive. Finite-volume modeling (FVM) using FLAC3D presents a viable al-
ternative to analyzing large sections of a mine with faster processing times. 
The research discusses translating the effect of discontinuities to continuum 
models based on their relationship with elastic moduli and shear strength 
properties of intact rock. Sensitivity analysis is performed to study the effect 
of these parameters and modulate them for calibrating the FVM models. 
These models prove effective in analyzing different design scenarios in a 
karst-ridden mine for optimizing mineral production while sustaining stability.
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Experimental and Simulation Study on the Effect of Fly 
Ash Admixture on the Flow Characteristics of Highly 
Concentrated Backfill Slurry
D. Wang; mining and special civil engineering, Technische Universitat 
Bergakademie Freiberg, Freiberg, Sachsen, Germany
Fly ash is widely used as a binder in backfill mining to replace expensive 
cement in order to reduce infill costs. However, the effect of the proportion 
of fly ash in the binder, i.e. the admixture rate, on the flow characteristics of 
the slurry is still not sufficiently investigated, so it is significant to investigate 
the optimum amount of fly ash that can be economically and technically 
balanced. In order to achieve this objective the focus of the present paper 
is on the use of laboratory testing techniques and numerical simulations to 
illustrate the effects of different fly ash admixtures on the flow pattern of 
highly concentrated non-Newtonian fluids.

Innovative Digital Modelling – A Proactive Response for 
Safe and Robust Performance in Tailings Storage Facilities 
(TSF).
P. Neethling¹ and C. Kelln²; ¹University of Johannesburg, Auckland Park, 
Gauteng, South Africa and ²University of Saskatchewan, Saskatoon, SK, Canada
A digital twin powered by I-IoT provides a fresh set of tools to meet new 
standards in Tailings Storage Facilities. It equips engineers and dam owners 
to look beyond reactive deformation monitoring to proactive management. 
Combining the observed data in a dynamically updated digital twin, coupled 
with the subsurface geological and geotechnical models, is a paradigm shift 
that highlights the underlying performance which fundamentally reduces risk 
and enhances operational performance. This is a technological leap through 
the looking glass’ into the inner mechanics of the structure. A cloud-based 
workflow promotes collaboration and learning, leading to a better under-
standing of the physical asset that enables better prediction and preventive 
capabilities.

Lateral Extrusion as a Plausible Mechanism of Triggering 
Static Liquefaction Failure in Tailings Storage Facilities: 
Insights From Numerical Models
P. Nso; Mining and Nuclear Engineering, Missouri University of Science and 
Technology, Rolla, MO
Following the disastrous consequences of recent upstream tailings storage 
facilities (UTSF) failures due to static liquefaction, expert panels report based 
on forensic investigations conducted on the Fundão UTSF hypothesizes lat-
eral extrusion as a triggering mechanism for the failure in November 2015 
in Brazil. The main objective of this study is to use 2D forward numerical 
models based on plane strain finite element analysis to test and quantify 
the lateral extrusion mechanism considering the staged construction of an 
UTSF and its hydromechanical behavior under static loading conditions. The 
modeling results show that lateral extrusion is a plausible mechanism that 
could cause instability of UTSF, with rapid construction of dams and tailings 
deposition widening the encroachment front of the lateral spread.

Evaluation of Flow Liqueifaction of Mine Tailings using 
Cone Penetration Test and Numerical Simulation
K. Salimi, S. abbaszadeh and M. Rashidi; Stantec, Broomfield, CO
Flow liquefaction can occur in any saturated or near saturated soils that 
can experience significant undrained strength loss during cyclic, quasi-stat-
ic & static loading cases. Cone Penetration Test (CPT) has been used to 
evaluate the susceptibility of soils to strength loss by estimating the resid-
ual undrained shear strength of soils. This study evaluates the conditions 
required for a tailings impoundment to undergo flow liquefaction once the 
CPT data identifies potential liquifiable zones. Confining pressure over the 
liquefiable layer, groundwater conditions, and level of seismic loads were 
evaluated using Slope/W and FLAC 2D programs. The results of this study 
reveal that high confining pressure over the potential liquifiable tailings layer 
requires extreme level of shaking to trigger strength loss and flow liquefac-
tion. The results also demonstrate the profound importance of performing 
FLAC 2D deformation analyses for the evaluation of flow liquefaction in large 
geo-structures. The results of this study can serve as a preliminary guide 
for mining community and tailings design engineers to evaluate the perfor-
mance and stability of the tailings dam.

A Simple App for Rapid and Refined Analysis of Open Pit 
Rock Slope Stability
L. Zhang and H. Chen; University of Arizona, Tucson, AZ
I will present a newly developed App for rapid and refined analysis of open 
pit rock slope stability. The App is developed from an proposed analytical 
approach based on a three-dimensional (3D) Hoek-Brown (HB) criterion 
and a customized genetic algorithm (CGA) by using a Python-based graphi-
cal-user-interface. The 3D HB criterion, considering an associate flow rule, is 
utilized to describe the perfectly-plastic behavior of rock mass under a plane 
strain condition. The upper bound theorem of limit analysis is combined with 
the strength reduction method to determine the factor of safety (FS) of a rock 
slope with a potential failure surface (PFS). With the CGA to optimize the 
PFS, the minimum FS and the critical failure surface (CFS) of the rock slope 
are obtained. Besides the 3D rock mass strength, the App can also effec-
tively consider the rock mass quality, the disturbance to the rock mass from 
excavation and blasting, and the seismic effect of blasting. The proposed 
approach is validated by comparing it with existing solutions. Parametric 
studies are also performed to investigate the effects of rock mass properties, 
slope geometry and loading conditions on the FS and CFS.
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Introductions

Major Challenges for the Operational Implementation of 
Smart Mining: Technology, Internet of Things, and Big Data 
Integration
K. Tolouei, E. Moosavi and M. Gholinejad; Department of Petroleum and 
Mining Engineering, South Tehran Branch, Islamic Azad University, Tehran, 
Iran, Tehran, Iran (the Islamic Republic of)
Smart mining solution uses a ‘platform’ approach, which looks holistically 
at the mining business and comprises the architectural components and 
digital use cases. The solution components include digital work manage-
ment and short interval control, logistics management, mobile asset visibility, 
advanced analytics, cognitive and mobility platform, and remote operations 
centers. Smart mining solutions offer a competitive edge with real-time de-
cision making, facilitate faster response with mobility, and minimize waste 
and costs. In this research, the fundamental triad for smart mining in Iran 
has been analyzed and their gaps have been evaluated. The optimal imple-
mentation of smart mining depends on the infrastructure of the Internet of 
Things, technology, and the integration of big data databases and platforms.
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Disciplined Automation– What are You Giving up in Your 
Value Chain?
T. Berens and C. Blignaut; Epiroc, Garland, TX
Blasthole Drills continue to make developments in safety, efficiency, and pro-
ductivity through enabling automation and digitalization. With this progress 
has also been growth in data. Transforming that data into information inside 
the drilling space and the rest of this value chain is where real opportunity 
and unlocked potential exists. But, how do you use this to incentivize, make 
interelated decisions, and manage change are a few questions this presen-
tation will look to address.

Fleet Management/Information System for Cost-Sensitive 
Mines
M. Romero; Universidad Tecnica Federico Santa Maria, Valparaiso, Chile
In the LATAM region, a cost-sensitive mine implemented a Fleet Manage-
ment System (FMS) to be more productive and consistent with the mining 
plan. The productive efficiency that will come from the FMS solution would 
make unproductive situations visible, alert equipment idle situations, and 
organize the production information, allowing supervisors to make better 
operational decisions. The mine was looking for a technological system that 
would adapt to its requirements, not vice versa. Within the mine’s require-
ments, the solution needed to be affordable, easy to evaluate and install 
by their technical staff, and transparent to truck operators. Additionally, the 
solution had to work with the existing public cell phone network that is not 
in all mine areas. In addition, the solution should not generate hiring new 
personnel because small mines are cost-sensitive. Finally, change manage-
ment had to be kept to a minimum to avoid disrupting the operations staff’s 
routine. Therefore, the solution had to be easy to use and understandable 
by the operations staff. In this work, we will share the process of how it was 
possible to meet the mine’s expectations and the results obtained.

Improving Data Driven Decision Making in Mining Using a 
Data Maturity Framework
O. Dayo-Olupona¹, O. Ejekwu², B. Genc¹, S. Bada4 and T. Celik3; ¹School 
of Mining Engineering, University of the Witwatersrand Johannesburg, 
Johannesburg, Gauteng, South Africa; 2School of electrical engineering, 
University of Pretoria, Pretoria, Gauteng, South Africa; 3School of Electrical 
Engineering, University of the Witwatersrand Johannesburg, Johannesburg, 
Gauteng, South Africa and 4School of Chemical Engineering, University of 
the Witwatersrand Johannesburg, Johannesburg, Gauteng, South Africa
As the mining industry enters an era of more digitisation and automation, the 
use of data-driven insights to drive value is giving top miners a competitive 
advantage. There is currently a wealth of data related to orebody (resources, 
reserves), equipment performance, quality (grade), plant operations (recov-
ery), drill & blast, energy/fuel consumption, maintenance, and many more. 
This study seeks to develop a data maturity model for mining companies to 
help assess how data matured the organisation is, benchmark against others 
in the sector, and identify areas for improvement. A review of existing maturi-
ty model will be carried out, filtering it based on several factors, including its 
applicability to the mining industry. Thereafter, a fusion of aligning attributes 
of the identified model will be done.

Enabling Real-Time Mining Value Chain Optimization with 
Cloud Computing
B. Weber; Amazon Web Services Inc, Tucson, AZ
Technology adoption within the mining industry has traditionally been com-
partmentalised to discrete stages of the overall mining value chain. Line-of-
business applications within each stage are loosely coupled with adjacent 
ones, using interfaces that transfer data in batches with no formal structure, 
resulting in fragile and inefficient stage boundaries that limit interoperabil-
ity. Whilst significant improvements in productivity and recovery have been 
realized to date, future gains will come from an interoperable technology 
environment that provides single sources-of-truth sharing data in real-time. 
This will enable dynamic optimisation across the entire value chain, and al-
low operators to quickly respond to changes in mine and market conditions. 
Cloud computing provides the foundational building blocks, design patterns, 
and resources required to enable this vision and deliver future gains.

Autonomous Drill Solution: Change Management and 
Implementation
J. Cima; Engineering, Flanders - Evansville, IN, Evansville, IN
Implementing an autonomous drill solution requires new processes, pro-
cedures, and training. This session discusses the changes required in the 
mining operation to successfully implement an autonomous drill solution and 
to bring about the maximum advantage that an autonomous drill solution 
can provide. Following a quick introduction into the FLANDERS ARDVARC 
autonomous drill solution, the discussion will cover the changes required in: 
Site Specific Training, Geofence Boundary Creation, New Standard Operating 
Procedures, New IT Requirements, and Command Center Operating Training.

Autonomous Operations through Remote Operations 
Centers Drive Safety and Productivity
K. Becerra, F. Romero and P. Campos; HPS, Honeywell Automation and 
Control Solutions, Morristown, NJ
Digitalization has become a fundamental component in mining and minerals 
operations. It can help to improve on-site safety, supports decarbonization 
efforts, helps to optimize processes, and attracts new talent. It achieves all 
of that while driving innovation and digital transformation. State-of-the-art 
operations are moving toward autonomous operations, leveraging innovative 
technology to automate further, monitor, and become more predictive and 
proactive. More innovative operations can be achieved through a more da-
ta-centric environment using operational intelligence to improve reliability and 
performance while reducing operational risk. Remote operations centers are 
transforming how mining companies work, gaining greater visibility across 
remote locations, and improving worker productivity and process efficiencies 
through centralized digital tools and data analytics. This journey takes one 
step at a time, where a proper digital assessment and change management 
process is crucial to achieving the transformation. This paper will present the 
latest industrial autonomous and remote operations centers trends in mining 
and minerals processes through several example projects completed.

Automation and Analytics – Assisting Operators of 
Tomorrow
T. Cressman; Komatsu, Franklin, PA
As the industry continues to push manufactures to test the limits of automa-
tion and remote operations, Komatsu is developing these features in parallel 
with its analytics platform to assist mine personnel in making the best de-
cisions possible. These solutions range anywhere from ideal sump depth 
to recommended maintenance intervals to help boost productivity, increase 
efficiency, lower operating costs, and improve overall safety. This paper will 
provide an update on Komatsu’s progress in underground automation in the 
soft rock space (coal, salt, gypsum, trona, and potash) and how they are 
incorporating these analytics into automation and remote operating features 
to assist operators whether they are standing beside the machine, operating 
from around the corner, or sitting on the surface.
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MINING & EXPLORATION: INNOVATION & 
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INNOVATION IN MINING
2:00 PM
Chair: M. Montenegro Perez, Lima, Peru

Introductions

A Disruptive EKPS that Enables Mining Value Generation 
through Augmented Data and Accurate Decision Making
R. Rojas; Product Management, Eclipse Mining Technologies, Tucson, AZ
The mining industry today generates a vast array of data across the mining 
value chain that produce a constant stream of multi-faceted data. However, 
most of these data is generally underutilizing a potential new knowledge 
to optimize mine operations. True optimization and agile mining require the 
integration and full understanding of all aspects of mine data, personas, and 
business processes across the mine-to-market operation. This presentation 
is intended to show a case study on how to enable value generation by inte-
grating and augmenting data value, team’s collaboration, workflows automa-
tion and breakthrough insights at all levels in organizations. SourceOne® is 
an Enterprise Knowledge Performance System (EKPS) created specifically for 
the mining industry that integrates the mine-market data silos, augment data 
and generate valuable insights for decision making. The projected results of 
SourceOne® are to enable the transformation of mining through business 
intelligence and data analytics that facilitates real multidisciplinary teams’ 
collaboration at all levels of the organization, considering People, Processes 
and Technology as the foundational building blocks.

Generation of Predictive and Prescriptive Models in the 
“Drill to Mill” process through the application of Machine 
Learning
E. Lagos; Technichal Services, Hudbay Peru, Surco, Municipalidad 
Metropolitana de Lima, Peru
Constancia mine operates mainly with hypogene and skarn type min-
erals but with a diverse range of alterations. In addition, it was iden-
tified that a percentage of fines greater than 45% makes the mills work 
properly. The generation of fines occurs after each blast and for this the 
power factor (PF) must be optimized since it directly influences the gen-
eration of fines. Therefore, knowing the optimal FP will allow adjust-
ing the use of explosives per drill and will generate an adequate %  
of fines. Usually this type of analysis is carried out with historical data but 
we could incur errors due to the heterogeneity of the deposit that causes the 
mineral to change as we go deeper. Currently, the machine learning (ML) 
technique is being used successfully in various industries and being able to 
apply it to the mining sector will allow us to have real-time information to be 
able to make decisions based on numbers. At the Constancia mine we have 
taken the first step and managed to obtain software which allow us to predict 
the behavior of the mills based on the variables of the mine (grades, hard-
ness, ratios, %fines) found in our databases and that refresh continuously.

Opportunities and Advantages of 3D Geologic Modelling 
for Tailings Storage Facilities
G. Johnson¹, M. Walden¹ and H. Lelono²; ¹Mining Design and Technical 
Services, NewFields Companies LLC, Atlanta, GA and ²Newmont Suriname, 
Newmont Corporation, Paramaribo, Suriname
Geologic modelling has proven to be a powerful tool for consultants and 
mining companies throughout the mine lifecycle. One of the most significant 
benefits of 3D geologic models is their ability to enhance collaboration, com-
munication, and understanding between the mine owner, design engineers, 
and other relevant stakeholders that have a shared interest in responsible 
mining and site management. Tailings and mine waste management is an 
interdisciplinary effort that requires effective coordination and communica-
tion between a wide range of consultants, operators, and stakeholders alike. 
3D geologic models have proven to be invaluable tools in the development 
of geotechnical conceptual models, allowing for improved design and moni-

toring of Tailings Storage Facilities (TSFs). A clear conceptual understanding 
of a TSFs subsurface geology and foundation characterization is essential 
for proper tailings management, design, and planning. This paper discusses 
some of the benefits of 3D geological modelling in relation to geotechnical 
analysis for tailings management and provides methodologies for how to 
improve upon some methodologies that are considered industry standards.

Transforming the Plan-Do-Check-Act Cycle in an 
Underground Environment
K. Huss and M. Dodd; Newmont Mining Corporation, Denver, CO
Newmont Mining has committed to transformational goals in mine automa-
tion and reduction of carbon emissions. Foundational to these efforts is a 
step change in how Technical Services groups support mining operations, 
with an increased focus on plan quality and performance insights from an-
alytics to meet commitments. Newmont’s underground Technical Services 
and production teams are embarking on a series of ambitious technology 
implementations that will elevate the responsiveness of PDCA processes. 
This presentation will review how mine data, planning activities and skill sets 
are evolving to meet the needs of the Newmont mine of the future.

“Presenting A Socially Active and Smart Mining Shovel”
S. Tafazoli; Electrical and Computer Engineering, The University of British 
Columbia, Vancouver, BC, Canada
Mining shovels are employed round the clock at open pit mines around the 
world. They come in three types (cable shovel, hydraulic shovel, and back-
hoe) and play a very key role in the whole mining cycle. In this project, we will 
present ShovelMetrics™ Gen 3, a multi-feature smart machine vision sys-
tem for mining shovels. Various AI-enabled modules such as missing tooth 
and missing lip shroud monitoring, rock fragmentation monitoring, boulder 
detection, and cycle monitoring will be reviewed. Combined with our cloud-
based visualization, reporting and notification system, we will review how a 
mining shovel equipped with such system will be running more safely, more 
efficiently, and more sustainably, and in an aware manner, being social and 
communicating its status to the shovel operator and the mining crew. Exper-
imental results will be presented from many operations around the world.

Fatigue Risk Management – Implementation with Hourly 
Workforce Support
M. Mudlin; SSR Mining, Winnemucca, NV
Managing risk is a key component to the success of any mining operation. 
The Marigold Mine embarked on a mission to address the risk of employee 
fatigue. Several minor events, that occurred within our heavy mobile equip-
ment team, confirmed the requirement to address employee fatigue. To get 
the “buy-in” of the operations group, an evaluation team was established 
using both hourly and salaried personnel. Several different technologies 
were compared using specific criteria. These criteria lead to the selection 
of in-cab camera monitoring of operators to mitigate fatigue and distracted 
driving events. This document outlines the success of implementing a major 
Management Change while still having the support of the hourly workforce.

Aligning your People, Processes and Technology: The 
Importance of Change Management
B. Haskins; Caterpillar Inc, Peoria, IL
Change is inevitable, and while many companies recognize this, most strug-
gle to adapt. Realizing the promises that technology can bring requires un-
derstanding the interconnectedness of people and human response first, 
followed by safety, productivity, efficiency, and other improvements. Engag-
ing Change Management early promotes a seamless implementation of 
new technology by supporting the people along the journey with knowledge, 
skills, and confidence to embrace the new normal and avoid the dip that can 
occur at each transition point.
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Newmont Boddington Gold Autonomous Haulage- Lessons 
Learned from an Industry First
C. Smith; Newmont Corporation, Greenwood Village, CO
In March of 2020, Newmont began the automation of their Boddington Gold 
mine. The deployment would become the first in a gold mine. Initial autono-
mous operations began in March of 2021, and the site was fully autonomous 
in October of 2021. Throughout this time there was also a global pandemic 
and major supply chain interruptions. Cory Smith served as project manager 
for this industry-first deployment, and captured significant lessons learned. 
Cory shares his lessons learned in seven key areas of impact: training, re-
sourcing, flexible work, risk management, data, support routines, and project 
execution.
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Introductions

Drill & Blast Analytics Console: Liberating Sustainable 
Value through Technology
F. Faramarzi¹ and R. Smith²; ¹Dassault Systemes, Global Senior Mining 
Industry Consultant, Brisbane, QLD, Australia and ²Dassault Systemes, 
Global GEOVIA Services Director, Brisbane, QLD, Australia
Blast fragmentation is deterministic to downstream performance, and 
has a proven, substantial impact on the profitability of mining opera-
tions. In today’s computer-aided industry, a wide range of technologies 
are accessible to optimise processes through scenario analysis – and 
the mining industry is no exception. However, the extent to which avail-
able technologies could support today’s mining operations with unlocking 
potential values likely depends on how pragmatic miners’ everyday chal-
lenges could be addressed in the presence of uncertainties thoroughly 
without violating the mine schedule. This paper details a technology- 
driven solution, namely ‘Drill & Blast Analytics Console’ which is developed 
for blast optimisation and stochastic evaluation of KPIs. It allows for conduct-
ing sophisticated scenario analyses in the presence of multiple constraints, 
optimises the design for a pre-defined goal and reports blast design alter-
natives that deliver an expected outcome. It is an easily customisable and 
extendable solution, which enables mining engineers to reliably develop blast 
design alternatives, aiming at any optimal outcome in a reasonable time-
frame (~1000 scenarios per minute).

Importance of Blast Vibration Analysis, Prediction, and 
Optimization as Illustrated through Case Studies
D. Schnell and B. Lewis; RESPEC, Lexington, KY
Blasting is the primary and most effective and time efficient method for 
breaking and moving material at most mine sites. Often there is the added 
challenge of requiring the blast to be redesigned in a manner to control and 
optimize resulting blast vibrations to protect nearby structures and utilities. 
The purpose of this presentation is to review the importance of analyzing, 
predicting, and optimizing blast vibrations in various applications to identify 
and overcome site specific challenges. The authors will review various case 
studies where blast vibration data was reviewed and used to help predict 
and control resulting vibrations. The final findings and recommendations 
from each study will also be summarized and reviewed. At the end of the 
presentation, the audience should have an increased understanding of the 
importance of reviewing ongoing and potential blast vibrations across vari-
ous potential operations and applications.

Case Study: Blast Improvement and Optimization at a 
Surface Operation
B. Lewis; Mining and Engineering, RESPEC Inc, Rapid City, SD
Blasting is the primary and most efficient and effective method for breaking 
material to be moved at most mine sites. The blast design is often adjusted 
in efforts to optimize the blasts’ explosive energy efficacy while minimizing 
costs. The goal of this case study is to improve and optimize the blasting 
process of a surface limestone mine feeding an onsite cement plant. The 
author observed and analyzed ongoing blasting practices for the site prior to 
implementing any changes to the process. Upon initial review of the process, 
the Author started systematically recommending and executing operational 
improvements to help optimize the blasting operations. QA/QC measures 
were also implemented to track the operational changes and their direct 
effect on the production. Changes were applied throughout the process in a 
manner to promote a new culture around blasting to help ensure the long-
term success of the blast operation improvements.

Blast Reporting to Meaningful Analytics
M. Slezak; Dyno Consult, Dyno Nobel Inc, Salt Lake City, UT
Blast reporting is a neccesity for all surface operations in the United States. 
We collect a wealth of data to complete these reports, yet many companies 
are not taking full advantage of the data they have. This presentation will 
include examples of the data we collect and how easy it can be to collect the 
information in a quick and accurate way. Once the data is collected we will 
examine some quick and easy ways the data can be used to help the overall 
operation using tools readily avalible for public use. THe presentation will 
cover real world examples of using a simple blast reprting data and tieing it 
in to changes in the downstream operational performance.

Effect of Blast Design and Ventilation Parameters on Blast 
Fumes Dilution Time in Development Blasting
A. Adhikari, S. Jayaraman Sridharan and P. Tukkaraja; Mining Engineering, 
South Dakota School of Mines and Technology, Rapid City, SD
In underground mining, the blast-induced pollutants are diluted and ex-
hausted to the surface using the auxiliary ventilation system, which can 
account for up to 50% of the total electricity usage. An accurate prediction 
of post-blast dilution or re-entry time is critical as overestimation results in 
production loss, and underestimation results in health and safety risks for 
the miners. The literature review suggests that there is still a lack of detailed 
studies on the mechanisms and the efficiency of Forcing, Exhaust, and Over-
lap auxiliary ventilation systems. Previous studies have not considered the 
effect of the humidity, porosity, muckpile profile, and type of explosives on 
the post-blast dilution time. Understanding how the changes in these factors 
affect the post-blast dilution time can be a key to optimizing the efficiency 
of the auxiliary ventilation system. In this study, we used the computational 
fluid dynamic (CFD) techniques to simulate the blast fume dispersion and 
clearance in an underground development heading. The study results show 
that the explosives type and porosity have a significant impact on the blast 
fume dilution time.

Using Deep Learning Prediction Models for Scenario 
Analysis of Drill and Blast Outcomes
R. Sahu; Strayos, Saint Louis, MO
Poor Drill and Blast decisions are adding huge flow on costs and delays to 
Loading, Hauling, Crushing and Grinding at almost every mine in the world. 
This is because optimising Drilling and Blasting to maximise overall mine 
profitability has traditionally been a slow and difficult process yielding only 
short-term gains. It generally involves a months-long project of manually 
pulling unstructured data from disparate sources to come up with subjective, 
point-in-time recommendations. Outcomes are not sustained once condi-
tions change and the process is too laborious to repeat regularly, leaving 
most mines with inefficiencies all along the value chain. In this paper we 
propose a deep learning AI model that streamline the end-to-end drilling and 
blasting process while automatically capturing structured geospatial, geo-
technical, design and performance data. The deep learning model continual-
ly feeds this data into a learning engine which can then at any point provide 
an up-to-date optimised recommendation for any design decision tailored 
for site conditions. The impact can be 5-20% total cashflow uplift from de-
creased drilling and blasting costs and increased crusher throughput.
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Basics of Autonomous Drilling
G. Scott; Caterpillar Inc, Peoria, IL
Blast hole drilling requires human care and calculation. Its evolution to digital 
controls & on-board computer processing greatly enhances overall perfor-
mance. Connectivity and HP GPS, to position over target and track drilling 
production (MWD: Measure While Drilling) with strata-logging supports pre-
cision drilling, and tailors blasting to specific ground conditions. An autonomy 
program including safe processes and related hardware plus infrastructure 
is essential. However, to successfully drill, it’s crucial that humans monitor 
and interact with the machine (manually or remote) tuning auto functionality 
(namely auto drilling) and machine working parameters to align with (cutting 
tools) (ever-changing ground) and environment. This paper discusses drilling 
inputs and parameters integral in traditional “manned operations” thus must 
be managed when working autonomously to optimize performance.

TUESDAY, FEBRUARY 28
AFTERNOON

MINING & EXPLORATION: OPERATIONS: 
TECHNOLOGICAL ADVANCES IN HEALTH AND 
SAFETY OF MINE WORKERS
2:00 PM
Chairs: J. Fang, Applied Particle Technology, St. Louis, MO 
M. Parker, Piedmont Lithium, Charlotte, NC

Introductions

Cost-Effective Dust Sensors in Mining
J. Fang and T. Chadha; Applied Particle Technology, St. Louis, MO
Dust management and control often is among the most difficult tasks for 
mine operators due to a lack of real-time data. Exposures to dust in mines 
as a result of normal mining processing operations can create serious health 
hazards due to the presence of respirable crystalline silica. Current methods 
of measurement and compliance rely on filter-based sampling or complex in-
strumentation, making data collection far too infrequent. Miners thus are un-
able to make real-time decisions on the effectiveness of engineering controls 
or their dust management plan. A new class of high accuracy, cost-effective 
dust sensors has recently become available, helping mine operators with 
effective dust management in areas such as ventilation control, industrial 
hygiene, and environmental management. In this presentation, an overview 
of cost-effective dust sensor technologies, along with considerations around 
data quality, networking, infrastructure, and deployment best practices will 
be provided. Finally, a case study on real-world deployments will be present-
ed along with a future outlook of cost-effective sensor networks.

Freeport McMoRan’s Continued Back-to-Basics Approach 
in Health and Safety Systems While Utilizing Technologies 
Suggested New Header
M. Kruger; Freeport-McMoRan Inc, Phoenix, AZ
In today’s world of digital, big data and emerging technologies we have many 
more options to add to our health and safety tool box. However, there as so 
many emerging technologies it can get overwhelming and difficult to assess 
the best options. Sometimes those options are nice to have but they aren’t 
necessary or may even distract from the core health and safety efforts. Add-
ing the latest technology doesn’t guarantee improvement. You need a good 
solid foundation to your H&S systems. We will share our approach of how we 
use technology to meet our strategic objectives. Rather than run after every 
new shiny gadget, we first ask, what are we trying to accomplish and is there 
technology to help us get there quicker, more efficiently or that will make for 
a safer workplace? Learn how we are using technology to accomplish our 
strategy while keeping a back to basics approach to our health and safety 
efforts setting foundations for predictive analytics and using agile methodol-
ogies to drive safety performance improvement.

Developing a Smart Evacuation System for Underground 
Mines
P. Augustine, J. Sattarvand and F. Asare; Mining and Metallurgical 
Engineering, University of Nevada Reno, Reno, NV
Despite the significant safety improvements, the mining industry remains 
one of the most hazardous occupations globally. Evacuation of Miners is 
the best bet to saving lives when an uncontrollable incident occurs in the 
mine. The current state-of-the-art in mine evacuation or self-rescue is that 
the evacuation route is predetermined, and a static sign is used to direct 
miners to a predetermined safe location. However, this method is limited 
in representing actual conditions that arise in a real emergency, neglecting 
the different behaviors displayed by humans. This research aims to develop 
a smart device capable of calculating the shortest path and sending people 
to the nearest safe location in the mine in case of emergencies. This paper 
utilizes Agent-Based simulations to simulate the evacuation behavior and 
performance. It was observed that people with the smart evacuation device 
made fewer mistakes and arrived at a safe place compared to those without 
access to the device. The Mathematical model used in optimizing the short-
est path to a safe place was also explained in this paper. Possible challenges 
which could affect this new technology were explored.

Strategic Planning for PTFI Deep Mill Level Zone (DMLZ) 
Block Cave Mine as a Response to Seismic Risk
S. Lolon¹, R. Williams¹, A. Kurniawan¹, N. Nugraha², A. Priatna² and 
R. Campbell¹; ¹Strategic Planning, Freeport-McMoRan Inc, Phoenix, AZ and 
2Freeport Indonesia PT, South Jakarta, DKI Jakarta, Indonesia
PT Freeport Indonesia (PTFI) currently operates three block cave mines 
(Grasberg Block Cave, DMLZ, and Kucing Liar), a long-hole open stoping 
mine, Big Gossan; and recently decommisioned DOZ mine, another block 
cave. The DMLZ operation recently had a valuable opportunity to demon-
strate mine planning resilience in response to a local 2.5 Mw seismic event 
occurred in January 2021. The resulting damage from the event spread 
across multiple levels including Undercut, Extraction, Service and Haulage. 
The major impact to the mine plan was the delay of two mining blocks, 
PB1S and PB3. Further review suggested that restarting these blocks on 
the current extraction elevation poses a great seismic risk; and thus these 
blocks were strategically elevated and underwent major plan change. This 
would de-risk the condition and provides a reliable path forward to achieve 
production target while continuing the focus on safely managing seismic 
hazard. This paper discusses the background, actions taken and results of 
this decision. This opportunity demonstrates a successful collaboration and 
lessons learned from adapting the uncontrollable adverse mining conditions 
into the strategic mining plan.

Ground Truth Instrument Testing to Evaluate Surface Haul 
Truck Collision Warning / Avoidance Systems
J. Bickson, J. Homer, C. Zhou, Y. Zhang, J. Srednicki, J. Carr, M. Girman, 
C. DeGennaro and D. Yantek; National Institute for Occupational Safety and 
Health, Pittsburgh, PA
Between 2005–2021, haul trucks at U.S. surface mines were involved in 54 
fatalities. Collision warning and avoidance systems (CXS) can help haul truck 
operators maneuver safely. Evaluation of CXS detection performance relies 
on the accuracy and latency of the ground truth instrument (GTI). A Glob-
al Navigation Satellite System (Global Navigation Satellite System) GTI was 
tested to establish its level of performance for future CXS testing. Surveyed 
ground truth points were used for comparison with GTI data collected during 
static positional measurements and reduced-scale straight line vehicle kine-
matic tests. Our results provide a method to determine GTI performance for 
the purpose of conducting CXS detection performance evaluations.
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Assessment of Contributing Factors to MSHA Noise 
Violations in Coal Mines From 2000 to 2021
H. Davis¹, M. Acevedo García², P. Roghanchi² and S. Amini¹; 1Mining 
Engineering, West Virginia University, Morgantown, WV and ²New Mexico 
Institute of Mining and Technology, Socorro, NM
The coal mining industry carries one of the highest rates of noise-induced 
hearing loss (NIHL), the most common occupational illness in the US. Fol-
lowing the implementation of MSHA’s new noise standard in September of 
2000, the number of noise violations in underground coal mines peaked 
immediately but has been steadily declining. However, it is not well known 
whether the decrease in violations can solely be attributed to internal factors 
through the hierarchy of controls or if external factors such as mine shut-
downs and production changes have an effect. How may changes in mining 
technology, occupation, shutdowns, and production output have influenced 
the number of noise citations issued in coal mines given over 20 years? This 
study systematically examined MSHA noise sampling data between Sep-
tember 2000 and December 2021. The contribution of various parameters, 
namely permissible exposure limit (PEL), occupation types, and mine size, 
was investigated on the annual number of noise violations. The results of 
these regression analyses indicated that all factors have crucial roles, indi-
vidually and combinatory, in determining the number of noise violations in 
underground coal mines.

The Effect of Sample Size on CRF Strength Properties
J. Seymour¹, K. Dehn², S. Warren¹, G. Feagan¹ and V. Bonzumah³; 1Spokane 
Mining Research Division, NIOSH, Spokane, WA; ²Galena Complex, Americas 
Gold & Silver, Kellogg, ID and ³Nevada Gold Mines, Elko, NV
Cemented rockfill (CRF) is commonly used with undercut-and-fill mining 
methods to provide support in weak ground. Because miners work directly 
beneath the backfill at these operations, undercut span designs need to be 
based on in-situ fill properties. Normally, the strength of a CRF mix is deter-
mined through unconfined compression tests with standard-sized samples 
(6×12-in cylinders), but these tests do not necessarily reflect the strength 
of the in-stope fill. NIOSH researchers are collaborating with backfill mines 
to develop ways of relating the strength properties of in-stope CRF to test 
results from standard-sized samples. This paper reports the results of tests 
conducted with CRF samples, ranging in size from 6×12 inches to 18×36 
inches, from Nevada Gold Mines’ Goldstrike Operations near Carlin, NV. The 
strength properties of these samples are compared with similar test results 
from other mines, and the effects of sample size, density, and maximum 
aggregate screen size are noted along with the consequences of unintended 
changes in mix design. Ultimately, this research will more clearly define CRF 
target strengths and safety factors, and thus improve backfill mine designs.

TUESDAY, FEBRUARY 28
AFTERNOON

MPD: CHEMICAL PROCESSING: CHALLENGES 
AND OPPORTUNITY FOR CHEMICAL METALLURGY 
IN CLEAN ENERGY ECONOMY: PANEL
2:00 PM 
Chairs: S. Gostu, Air Liquide, Newark, DE 
X. Yang, University of Utah, Salt Lake City, UT 
F. Liu, Hatch Ltd, Mississauga, ON, Canada

Introductions

Copper, The Essential Conductor
T. McNulty; T. P. McNulty and Associates, Inc., Tucson, AZ
Wind turbines and electric vehicles will sharply increase copper consump-
tion. Although10-20 years would be required to develop a new mine, it 
doesn’t take as long to expand a concentrator or to launch a new smelter or 
hydrometallurgical plant, if concentrates are available. There are 110 copper 
smelters, including 45 in China and only 3 in the US. About 25% of global 
copper is produced by Heap Leach/SX/EW treatment of oxide ores, but there 
are only 3 small hydrometallurgical and roast/leach hybrid plants treating 
sulfide concentrates. While hydromet for sulfides consumes more energy 

than smelting & refining and creates liquid effluents that must be managed, 
it offers potential advantages for treating concentrates containing elements 
like As, Hg, and U that are unacceptable to smelters. Smelters and roasters 
produce useful thermal energy and sulfuric acid, while discarding relatively 
benign slag and iron oxide residues. In-situ mining of oxide deposits requires 
abundant mineralized fractures, but is cheaper and cleaner that conventional 
mining, while using less water and energy. As metallurgists, we must solve 
this riddle and increase availability of the essential electrical conductor!

Meeting the Supply Chain Needs of the EV Revolution
A. Miller; Benchmark Mineral Intelligence, London, UK
- Overview of the lithium ion battery supply chain build out and the response 
of battery makers to EV producer ambitions - Introduction to the key tech-
nologies driving the lithium ion economy - Examination of the capability of 
critical raw materials to respond to this demand growth: lithium, cobalt, nick-
el, graphite & more - Creating a circular battery economy: prospects for 
battery recycling - How to icnentivise faster and more effective supply chain 
build out

Challenges to Establish a LIB Supply Chain in North 
America
S. Subramani and J. Pfeifer; Hatch Ltd, Mississauga, ON, Canada
To fight global climate change, it is paramount to electrify the transportation 
sector. Globally, transportation accounts for more than 20 percent of carbon 
emissions (in the United States, it’s more than 25 percent). In addition to low-
ering its carbon footprint in the industry, the US wants to onshore more bat-
tery supply chain production to become less dependent on Asia – and China 
in particular. Recent US policy changes (e.g., the Inflation Reduction Act) 
have provided various incentives to accomplish this. However, the number 
of hurdles are still significant and need to be understood holistically in order 
to resolve pain points. This talk will show the implications of the onshoring 
effort on the American industry, where value chain gaps exist, how they can 
be overcome, and what opportunities emerge.

TUESDAY, FEBRUARY 28
AFTERNOON

MPD: FLOTATION: FLOTATION CHEMISTRY AND 
COMMEMORATING THE 100TH ANNIVERSARY OF 
XANTHATES
2:00 PM
Chairs: B. Vaziri Hassas, Penn State, State college, PA 
T. Myers, Pionera, Henderson, NV

Introductions

History of Flotation Through the First Chemicals and Early 
Machines
C. Young; Metallurgical & Materials Engineering, Montana Technological 
University, Butte, MT
Flotation has roots to ancient times when adhesion was first used to cause 
mineral separations but was sporadic at best until bulk oil flotation com-
menced. Performance was improved and costs were decreased when bulk 
oil was eliminated though sequential discoveries of aeration, modifiers, neu-
tral collectors, frothers and finally ionic collectors. The latter is synonymous 
with xanthates 100 years ago. This chemical evolution was simultaneous 
with the development of flotation machines. Although there is some refer-
encing to current times, this presentation focuses how flotation technology 
advanced and highlights the historical firsts.
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Advances in Flotation Chemistry and Chemicals: Looking 
Ahead of Xanthates
T. Bhambhani¹, E. Arinaitwe¹ and D. Nagaraj²; 1Mining solutions, Solvay 
USA Inc, Stamford, CT and ²Earth and Environmental Engineering, Columbia 
University, New York, NY
Since 1923, the use of xanthates has been ubiquitous in the flotation of 
sulfides due to a variety of reasons such as cost, ease of manufacture, and 
ability to float most value species. For many industry veterans, the word 
‘xanthate’ remains synonymous with ‘collector’. However predominant use 
of xanthate has only remained in primary Au and PGM ores, and to some 
extent, in, Ni and Cu-Ni ores. Many mines use non-xanthate secondary col-
lectors largely because selectivity is not a critical factor in processing most of 
these ores. To a large extent, xanthates have been replaced in the flotation of 
complex polymetallics (Pb-Cu-Zn-Au-Ag ores), Cu, Cu-Mo and Cu-Au ores, 
by reagents that deliver more selectivity and strength, are more environ-
mentally benign, are easier and safer to manufacture, transport and handle, 
and are more compatible with downstream separations and processes. With 
decreasing head grades, poor-quality ores, and increasing complexity of ore 
bodies requiring selectivity against penalty elements, and with the advent of 
stricter environmental and sustainability regulations, the role of xanthates is 
expected to diminish further over the next 100 years.

AFM Image Analysis of Xanthate Collectors on Copper 
Sulfides
J. Zhang; Mining & Geological Engineering, The University of Arizona, 
Tucson, AZ
An atomic force microscopy (AFM) image analysis has been applied to study 
in situ the adsorption of xanthate collectors, i.e., potassium ethyl xanthate 
(KEX) and potassium amyl xanthate (PAX) on copper sulfides, i.e., chalco-
pyrite, chalcocite and bornite, in aqueous solutions. AFM images show that 
xanthate adsorbs strongly on chalcopyrite mainly in the form of oily dixantho-
gen; while it adsorbs on chalcocite and bornite in a totally different manner, 
introducing insoluble metal xanthate, which binds strongly with the mineral 
surface without being removed by flushing with ethanol alcohol. The findings 
of present study show that AFM image analysis is a powerful tool for the 
study of the xanthate collectors’ adsorption on mineral surface and it can 
help with the development of novel collectors for copper sulfide flotation.

CleanMax Biopolymer Trial at Nevada Gold Mine Phoenix 
Mill
L. Kuri, B. Arthur and W. Gibbs; Integrity Mining and Industrial, Humble, TX
Fine particles in froth flotation are difficult to selectively float, resulting in 
slow flotation kinetics, low concentrate grades, recoveries. CleanMax™ is 
a biopolymer designed by Integrity Mining to prevent gangue from being 
collected onto the bubbles, yielding faster kinetics, higher grades, and re-
coveries in cleaner circuits. This presentation is an update to our 2022 SME 
presentation detailing in-house lab testing at a porphyry copper-gold mine 
in Nevada showing an overall copper improvement of 2.61% and an overall 
gold improvement of 3.76% in the cleaner concentrate using CleanMax. As 
bench studies indicated the potential to improve kinetics and overall recovery 
of both gold and copper, a plant trial was initiated, spanning from Jan-July 
2022. The plant trial results are encouraging but the details are pending stat-
istician analysis. This paper will present the results of the plant trial as well 
as an introduction of biopolymers and the unique opportunities they provide.

Systematic Investigations on the Organic Acids as Calcium 
Ion Chelating Agents and Calcite Depressants
E. Muhoza and S. Amini; Mining Engineering, West Virginia University, 
Morgantown, WV
As a semi-soluble ca-containing mineral, calcite is one of the most prob-
lematic gangue minerals in the flotation of various carbonate, sulfate, and 
phosphate minerals. While various depressants may be used to minimize 
calcite recovery, dissolved calcite species (e.g., Ca2+) may alter the surface 
chemistry of valuable minerals, resulting in a significant reduction in flotation 
recovery. This research aims to study various organic acids (e.g., citric, suc-
cinic, and lactic acids) as potential calcium chelating agents and calcite de-
pressants. This presentation discusses the results of systematic adsorption 
density, Fourier transforms infrared, and X-ray photoelectron spectroscopy 
analyses. The collective results of these analyses show that organic acids 

selectively adsorb on the calcite surface via chemisorption, inhibiting calcite 
flotation without affecting the recovery of valuable minerals. Additionally, or-
ganic acids were excellent chelating agents for dissolved calcite species that 
can potentially minimize the impact of calcium ions on the flotation of other 
valuable minerals.

TUESDAY, FEBRUARY 28
AFTERNOON

MPD: FLOTATION: FLOTATION OPERATIONS AND 
EQUIPMENT

2:00 PM
Chairs: S. Merrill, FLSmidth USA Inc, FLSmidth, Salt Lake City, UT, 
Midvale, UT 
Z. Zanetell, Newmont

Introductions

Plant Testing Magnetic Conditioning on Kennecott’s Cu-Mo 
Porphyry Ore
M. Struble², F. Rudloff², J. Moyo², I. Boadi², C. Karageorgos¹ and 
B. Lumsden¹; ¹Ausmetec Pty Ltd, Sydney, NSW, Australia and 2Kennecott 
Utah Copper LLC, Copperton, UT
Over it’s more than 100-year history, the Kennecott operation has often been 
at the forefront of innovation; driven by the demands of the lower grade 
ore-body and the higher costs of operating in the more regulated US. One 
way of reducing operating costs in c/lb is to increase the lbs produced at 
minimal cost. Despite the relatively coarse grind at Kennecott - about 30% 
>150μm, approximately 20% of the Cu lost to tail is liberated chalcopy-
rite in the <20μm fraction, and about 30%-40% in the <37μm fraction. 
In 2020 Kennecott undertook a detailed plant scale trial of the magnetic 
aggregation technology to increase copper recovery by reducing fine copper 
losses. A paired statistical plant test of magnetic conditioning on one rougher 
line showed a 1.12% increase in Cu recovery to 97% statistical confidence. 
During the severe supply-chain constraints of the Covid pandemic in 2021, 
there were delays and unforeseen costs as world-wide transportation be-
came expensive and chaotic. Nevertheless, the project was completed and 
commissioned, with only minor delays and cost increases, due to a flexible 
approach to overcoming the hurdles encountered.

Performance Comparison of WEMCOTM and WEMCO IITM 
Flotation Cells Using Predictive Metallurgy Tools
A. Hassan¹, L. Pereira², J. Bowden¹ and M. Rudolph²; ¹Mining R&D, FLSmidth 
and Co A/S, Valby, Denmark and ²Minerals Processing, Helmholtz-Institut 
Freiberg fur Ressourcentechnologie, Freiberg, Saxony, Germany
A novel particle-based separation modelling (PSM) approach utilizes detailed 
particle datasets (e.g. from automated mineralogy) for analysing process 
performance of individual particles in minerals processing. In flotation relat-
ed studies, the approach has been used to model the influence of process 
conditions (e.g., cell hydrodynamics) on the kinetic of flotation of individual 
particles. In this work, it is shown that PSM could be used to study the effect 
of cell design modifications on flotation performance. Bench scale flotation 
trials were performed on a porphyry Cu ore using a well-known WEMCOTM 
cell and WEMCO IITM, a prototype with design adjustments. Feed, concen-
trates, and tailings were analyzed using automated mineralogy. Logistic 
regression-based PSM models were trained to predict the recovery prob-
abilities of each single particle. Results showed that, at the same process 
conditions such as feed material, reagent scheme, and similar power input, 
the prototype yielded in higher recovery probabilities for fully liberated chal-
copyrite particles. Prototype also resulted in lower gangue entrainment and 
higher selectivity.
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Operational Approach to Mechanical Flotation Cell Froth 
Management
G. Bermúdez and A. Jalili; Metso Outotec Canada Inc, Sudbury, ON, Canada
Flotation circuit design has historically been centered on residence time. 
However, modern industry trend for bigger flotation cells is likely to impact 
froth recovery. This can be attributed to larger froth surface areas and lon-
ger transport distances. Nowadays, there are several industrial designs to 
enhance froth management. Correct selection can be defined during the 
engineering phase of a greenfield project. Nevertheless, overcoming froth 
recovery challenges can be difficult in brownfields due to the particularity 
of each plant. Froth launder upgrades have acknowledged to increase froth 
recovery. The upgraded froth zone may result in new operational parame-
ters and challenges in accessibility for wear parts replacement. Installing 
complex launder upgrades in existing cells requires specific design consid-
erations to reduce downtime and complexity; failing to address these issues 
can result in non-optimal cell operation and production loss. This paper sum-
marizes the key challenges related to the implementation and operation of 
new launder designs in existing mechanical flotation cells. Launder upgrades 
are studied in detail over the discussion of two industrial application cases.

An Integrated Process Strategy for Treating Low Grade 
Ores: A Case Study
O. Bascur; OSB Digital, LLC, The Woodlands, TX
Ores are becoming extremely variable with mineralogy and hardness dis-
turbing all processes. The plant requires large amounts of Energy and Water. 
The designed target of the plant was never achieved due to high variability of 
the ore. A Mine to Mill study was conducted by an engineering company for 
improving metal recovery. However, the study did not consider the rherology 
and water recovery from the tailings. A novel approach of using a Digital 
Twin for low grade ores mineral processing plant was designed to maxi-
mize copper production and water recovery. Instead of the traditional metal 
recovery, a Net Metal Production Rate operational strategy is presented to 
determine the optimal mill throughput. An adaptation of the Dynamic Grind-
ing, Flotation, Tailing’s water separation models were implemented to allow 
for a synchronized processing of the ore. The rheological characteristics of 
the pulp enables the prediction of the pulp/paste boundaries. The new capa-
bilities provided by the computational capabilities running t in Cloud enable 
remote access for adaptive advanced analytics. This is novel approach will 
be described to run low grade ores in a profitable and sustainable manner.

The Effect of Mechanical and Process Condition 
Configurations in the Development of the WEMCO II
I. Coltrin², J. Bowden¹, T. Sok¹ and D. Lelinski²; 1Research & Development, 
FLSmidth and Co A/S, Valby, Denmark and 2Flotation, FLSmidth and Co A/S, 
Midvale, UT
WEMCO flotation cell technology was first developed in the 1930s, updat-
ed in 1968 and has been the same ever since. Although this robust and 
impressive design has been a technology standard for many decades, FLS-
midth has set out to improve the original design with a new rotor and stator 
configuration which improve hydrodynamic, kinetic, and metallurgical perfor-
mance. Guiding principles were investigated and generated with FLSmidth’s 
forced air flotation offering, the nextSTEP flotation cell, and carried over into 
the improvement of the new design, the WEMCO II. A robust 1.5m3 pilot 
scale test plan with designed experiments was developed and executed to 
evaluate the impacts of varying mechanical and process conditions on the 
WEMCO II as compared to the original WEMCO design. The results showed 
improvement in power, airflow, and metallurgical grade and recovery within 
a certain range of mechanical and process conditions. Principles developed 
at pilot scale were applied to prototype industrial scale units currently being 
tested at two separate copper mills within Northern and Southern America.

Full Scale Trial of the REFLUX™ Flotation Cell PART II
L. Christodoulou2, B. Dabrowski1, S. Iveson3, K. Galvin3 and I. Coltrin2; 
1Research & Development, FLSmidth and Co A/S, Valby, Denmark; 
2Flotation, FLSmidth and Co A/S, Midvale, UT and 3The University of 
Newcastle, Callaghan, NSW, Australia
After successful full-scale commissioning and preliminary trials of the 
REFLUX™ Flotation Cell in a coal application, additional work has been 
completed to show that the technology is capable of operating at elevated 
throughputs producing superior product quality. Operating with a concen-
trated bubbly zone and essentially eliminating a defined froth pulp interface, 
while applying improved counter current washing of concentrate ensures 
elevated performance. Enhanced bubble-liquid separation is achieved by a 
set of inclined channels which promote an increase in gas hold up in the 
concentrated bubbly zone. Decoupling of the gas and liquid fluxes reporting 
to the concentrate ensures the concentrate can be recovered at a reduced 
water recovery. Pre-contacting of the feed in a high shear rate sparging sys-
tem elevates collision and attachment rates elevating kinetics and recovery. 
This paper illustrates the performance capabilities of the REFLUX flotation 
cell during throughput ramp up and continuous operation in an industrial 
setting.
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Introductions

Innovative Metal Recovery From Spent Lithium Ion 
Batteries
C. Anderson; Colorado School of MInes, Golden, CO
The growth of the use of lithium ion batteries is projected to grow exponen-
tailly. With this comes the need for recycling of these batteries. This pre-
sentation deleineates an alternative selective lixiviant methodology for the 
effective recovery of copper, nickel, cobalt, manganese and lithium.

Improved Sustainability in High-Purity Chemical 
Production for Lithium Ion Batteries from Raw and 
Recycled Feedstocks
S. Bedrossian; Hydrometallurgy, Hatch, Mississauga, ON, Canada
Climate change is driving electrification of transportation and the demand for 
lithium-ion batteries (LIBs). This LIB demand will translate to increased need 
for battery chemicals, particularly battery grade nickel and cobalt sulphates 
and lithium products. Furthermore, LIBs used in electric vehicles are lasting 
longer than expected, potentially limiting the supply of used LIBs to recycling 
plants in the upcoming years. In the past years, several battery recycling 
processes, and technologies have been proposed based on commercially 
available hydrometallurgical process steps, such as solvent extraction and 
crystallization. This presentation introduces Hatch’s Battery Chemical Pro-
duction and Recycling Process, with its advantages in reducing or avoiding 
production of environmentally challenging by-products, and through its fa-
vourable economics, due to the intrinsic nature of the process itself, and via 
economy of scale provided by larger overall production throughputs enabled 
by the Hatch Process feed treatment flexibility - it allows efficient treatment 
of both raw and recycled feedstocks in the same plant.
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Phosphorous – a Circular Journey From the Ground to the 
Recycling Line
E. Wingate, R. Prasad and Y. Liu; M&M - Battery Minerals - Chemicals 
-Fertilisers COE, Bechtel Services Australia Pty Ltd, Brisbane, QLD, Australia
The use of phosphorous by mankind is long established. From use in agri-
culture, foods, high tech electronics and more recently in EV battery cathode 
production, one cannot escape its impact on today’s society. The phospho-
rous journey begins with the extraction of primary phosphorous in the form 
of phosphate (Apatite) (P2O5) from the ground via open pit mining meth-
ods. The ores are processed in beneficiation plants to remove impurities 
before the phosphate rock concentrate is either sold on the open market or 
converted into phosphoric acid in downstream chemical production facilities 
via the wet acid process or thermal phosphorous routes. The facilities can 
produce a range of phosphorous rich chemicals from merchant grade acid 
through technical grade and food grade. These can in turn be converted 
into ammoniated fertilizers and compound NPK fertilizers. This review paper 
will discuss the primary production cycle associated with phosphorous pro-
duction from the mining operation through beneficiation into downstream 
chemicals production and into the EV battery cathode production space as 
well as recycling of end of life P rich products.

Laptop Recycling Case Study: Estimating the Contained 
Value and Value Recovery Process Feasibility of End-of-
Life Consumer Electronics
J. Groppo and Z. Hart; Mining Engineering, University of Kentucky, 
Lexington, KY
Work has been done to establish, through the development and use of novel 
assay techniques and analysis metrics, the contained value of a sampling of 
laptop computers as an analog for myriad E-waste sources. This work has 
conceptualized E-waste as an alternative to geologic-origin complex me-
tallic ores and has likewise evaluated the feasibility of value recovery from 
E-waste sources in a similar manner to an ore. The application of conven-
tional and novel mineral separation techniques to E-waste recycling process-
es has been evaluated and positive results are demonstrated. Further, this 
work has demonstrated the ability to identify the presence of base, precious 
and critical metals within e-waste sources, concentrate these materials, and 
reject fractions of little to no inherent value. Finally, the results of this work 
indicate that the grade of critical metals present in E-waste is much higher 
(one and two orders of magnitude greater, in some cases), than in even the 
richest ore bodies, globally.

A Novel Hydrometallurgical Process for Recovery of 
Critical Metals from Spent Lithium Ion Battery
J. Kim¹, J. Wu² and J. Lee¹; ¹Mining Engineering Departement, Colorado 
School of Mines, Golden, CO and ²Departement of Mining & Geological 
Engineering, The University of Arizona, Tucson, AZ
Increasing the number of end-of-life batteries, environmental issues on safe 
disposal, and the growing demand for critical metals have necessitated the 
recycling of spent lithium-ion batteries (LIBs). A hydrometallurgical approach 
using organic acids has been attracted as an eco-friendly alternative to a 
process using conventional inorganic acids. In this study, a novel hydromet-
allurgical process using mixed organic acids was investigated to extract and 
recover valuable metals from LiCoO2. Methanesulfonic acid (MSA) of strong 
organic acid and citric acid (CA) with good chelating ability were adopted as 
main lixiviants with H2O2 as a reducing agent. Cobalt and lithium extractions 
were around 95% in the optimized condition; 2.4M MSA, 1.6M CA, 1.5vol% 
H2O2, 80 g/L S/L ratios, 90°C, and 1 hr. The adaptability of MSA-CA system 
was confirmed through leaching tests using cathode scrap from spent LIBs. 
LiCoO2 dissolution procedure in MSA-CA solution was found to be controlled 
by chemical reaction based on the Avrami equation. The Co and Li ions in the 
leachate were selectively recovered as Co3O4 and Li3PO4, respectively. The 
recovered materials were characterized by SEM and XRD.

Extraction of Critical Electronic Materials from 
Steelmaking Wastes
W. Hartzell and M. Moats; Material Science and Engineering, Missouri 
University of Science and Technology, Rolla, MO
Development of stable domestic supply of gallium, indium, and germani-
um has been identified as a critical need for the United States. EAF dusts 
processed to recover zinc produce a single source residue that could be a 
potential source of these critical materials. This research characterized the 
leach residue and examined the leaching of gallium, indium, and germanium 
using common lixiviants. Agitated leaching using sulfuric acid, hydrochloric 
acid and sodium hydroxide were examined to determine metal extraction as 
a function of concentration and temperature.

TUESDAY, FEBRUARY 28
AFTERNOON

MPD PATRICK TAYLOR HONORARY SYMPOSIUM: 
CHEMICAL PROCESSING: PRECIOUS METAL 
REFINERY AND PROCESSING
2:00 PM 
Chairs: J. Baron, Newmont, Weston, FL 
R. Foy, Integra Resources

Introductions

Recent Advances in the GlyCatTM Process for Extraction of 
Gold and Silver in the Presence of Copper
G. O’Malley; Curtin University, Perth, WA, Australia
Mining and Process Solutions (MPS) most advanced process, GlyCatTM is 
the only process that can be easily adapted to existing cyanidation plants in 
the market today whose real advantages over cyanidation are when treating  
copper containing ores, concentrates or tailings. With such complex mate-
rial, GlyCatTM requires 70-90% less cyanide addition to achieve the same 
precious metal extraction. However, GlyCatTM is not simply cyanidation with 
added glycine. It is a completely different process where the solution chem-
istry and conditions needed to effectively leach the precious metals are quite 
different. Downstream however, the process is largely unchanged as the re-
covery of the leached gold and silver uses existing known processes such as 
conventional activated carbon or zinc cementation (Merrill-Crowe process). 
Another advantage is lower SCN, OCN, WAD and no free cyanide in the ef-
fluent which can substantially reduce cyanide detoxification requirements 
and decrease the OHS and ESG risk of the operation. This paper outline 
some of these differences and presents testwork, piloting and process ex-
amples to highlight the advantageous of this new process over conventional 
cyanidation.

PHASE I Implementation of the METSO Outotec BIOX® 
Process at the RIOZIM CAM and Motor Gold Mine
C. Van Buuren; Gold Process Solutions, Metso Outotec Oyj, Helsinki, 
Uusimaa, Finland
Metso Outotec’s BIOX® technology is a robust process for the treatment of 
refractory gold concentrates. The technology was commercialised 30 years 
ago with ~30 million ounces of gold produced via the process. RioZIM’s CAM 
and Motor gold mine in Zimbabwe recently became the 14th commerciali-
sation of the technology. RioZIM selected BIOX as the preferred technology 
based on the simplicity of the technology, the lower capital and operating 
costs and the ease of future expansion of the plant. The plant was designed 
to treat 212 tpd of concentrate but to commence with Phase I treating 106 
tpd. A further mandate was to institute a robust design owing to the sulphide 
resource still under development and to understand that over the plant life 
various water sources would be used, each with a varying make up and chlo-
ride content and importantly, distinct dry seasons would place constraints 
on access to good quality water. The BIOX plant is also the first plant to be 
landed with Metso Outotec’s high performance Generation IV dual impeller 
mixer delivering the best in-class reactor specific power (kW/m3) to drive the 
oxygen mass transfer across variable sulphide oxidation duties.
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Sepon Mine: From Copper Ferric Leaching to Processing 
Double Refractory Gold
D. Dyson, L. Paliza, P. Zhou and S. Keokhounsy; Processing, Chifeng Jilong 
Gold Mining Co Ltd, Chifeng, Inner Mongolia, China
Sepon has historically been a major copper producing mine in south east 
Asia, located in Laos. Since Chifeng’s acquisition in 2018, Sepon commit-
ted to significantly increasing gold production from double refractory ore. 
The utilization and conversation of existing assets to treat this technically 
challenging and complex orebody has been astounding, especially under the 
targeted project timelines. From flotation to pressure oxidation and cyanida-
tion, the throughput and recovery improvements tell a compelling story. This 
paper will outline the highlights and key drivers associated with this journey, 
including preg-robbing mitigation by a novel method.

Evaluating the Impacts of Autoclave Compartment 
Wall Removal on Refractory Ore Pressure Oxidation 
Performance
W. Dixon; Metallurgy, Barrick Gold Corporation, Toronto, ON, Canada
At Turquoise Ridge, two pressure oxidation autoclaves (phase 1 and 2) are 
configured as horizontal vessels with four stages of agitation, separated by 
internal compartment walls. As these autoclaves are mirror images of one 
another, a unique opportunity to run side-by-side testing exists. The com-
partments act as a series of continuous stirred-tank reactors and provide 
a residence time distribution that ensures that the feed material is given 
sufficient opportunity to react. In the oxidative process, the initial stages (typ-
ically the first and second of the vessel) contain the most intensive oxida-
tion, driven by oxygen mass transfer rates into the slurry, whereas the latter 
stages are required to satisfy kinetic limitations. In February 2022, Nevada 
Gold Mines removed the autoclave brick wall between compartment 1 and 
2, in the phase 2 autoclave. The primary benefit of removing the wall was 
to increase the extent of the oxidation reaction in the first compartment of 
this vessel. This trial will allow for a side-by-side comparison between phase 
1 and phase 2 to assess the performace of a larger first compartment in 
phase 2.

Loading of Gold and Associated Elements by Activated 
Carbon Studied using Micro-XCT and Micro-XRFI
A. Erskine¹, J. Jin¹, C. Lin1, J. Miller¹ and S. Wang2; 1Materials Science and 
Engineering, The University of Utah, Salt Lake City, UT and ²Coeur Mining, 
Chicago, IL
Loading of gold and other elements, such as calcium and silicon, by activated 
carbon particles has been studied for decades. However, the 3D distribution 
of loading and the elemental association inside the activated carbon remain 
unclear; this information is important in understanding the gold loading or 
stripping problems. The loaded and barren carbon from a Carbon-in-Column 
(CIC) circuit have been considered in this study. Based on the 3D character-
ization using Micro X-ray Computed Tomography (Micro-XCT), it has been 
found that the loading of gold is not uniform for the commercial activated 
carbon. Some carbon particles load more gold than others, and in certain 
carbon particles, the inner region has less gold grade than the surface. Cross 
sections of the activated carbon were scanned by Micro X-ray Fluorescence 
Imaging (Micro-XRFI), an advanced 2D technique with ppm level detection 
of elements. The 2D elemental analysis confirmed the 3D results from Mi-
cro-XCT and revealed the elemental association in activated carbon.

Nitric Acid Pretreatment Applied to Refractory Gold-
Tellurides Ore
D. Chaverra Arias, C. Argumedo Jiménez and O. Restrepo Baena; Materials and 
Minerals, Universidad Nacional de Colombia, Medellin, Antioquia, Colombia
This work summarizes some previous ones on gold-telluride ores refractori-
ness in cyanide solution and presents the results obtained in a set of experi-
ments where gold cyanidation was investigated after nitric acid pretreatment 
of a gold-tellurides ore from Colombia. The baseline results show that less 
than 50% of the precious metal could be extracted through conventional 
cyanidation of the mineral without pretreatment. Findings in preliminary tests 
reveal that using a nitric acid pretreatment at low temperatures, gold recov-
eries increase more than twice.

TUESDAY, FEBRUARY 28
AFTERNOON

TAILINGS: TAILINGS ASSEMBLING YOUR FUTURE 
TAILINGS DREAM TEAM
2:00 PM 
J. Scalia, Colorado State University, Fort Collins, CO

Introductions

Working Together: Summary of Priorities Identified by SME 
Tailings Workforce Ad-Hoc Committee
R. Furey; Stantec, Broomfield, CO
In the spring of 2022 the Society for Mining, Metallurgy & Exploration (SME) 
board approved formation of a Tailings Workforce Ad Hoc Committee, report-
ing to the Responsible Mining and Underground Construction (RMUC) Strate-
gic Committee. The Committee was formed to address the scarcity of tailings 
practitioners available to mining companies, consulting firms, academia and 
regulators to implement conformance with the Global Industry Standard on 
Tailings Management (GISTM). This scarcity issue is critical because of the 
GISTM requirements and specialized expertise requirements. The committee 
developed and evaluated possible initiatives SME may undertake to support 
the growth of the tailings practitioner workforce. The potential costs, benefits, 
and risks of various options were considered. This presentation will summa-
rize the findings of the Tailings Workforce Ad Hoc Committee.

Dream Teams Wanted: Summary of Tailings Professional 
Survey Results and Tailings Labor Demand Calculations
C. Bareither; Civil & Environmental Engineering, Colorado State University, 
Fort Collins, CO
We need more tailings practitioners, right? To assess this question, a coupled 
qualitative-quantitative study was undertaken to characterise the industry 
practitioners’ perspectives on the state of tailings labour resources (circa 
spring 2021). The future quantity of tailings professionals needed to provide 
a level of management approximately consistent with the Global Industry 
Standard on Tailings Management (GISTM) was then calculated. The results 
of this work show that of 360 tailings professionals surveyed, 76% perceive 
the tailings professional resource shortage as extremely critical or vary criti-
cal. To service a conservatively estimated 17,000 tailings facilities globally a 
total number of FTEs on the order of 13,000-19,000 will be needed, includ-
ing approximately 500-1000 new entry-level engineers per year.

Encouraging Future Stars: How Do We Engage and Inspire 
Future Tailings Practitioners
J. Bindner; Civil & Environmental Engineering, Colorado State University, 
Fort Collins, CO
The road to becoming a tailings professional has not typically been one post-
ed with bright highway signs and mile markers, and only until recently can 
you purchase a route map. If you ask a tailings professional how they ended 
up in the business, the answer is typically a tale of happenstance. Recently, 
there has been an increased focus on sustainable tailings management fu-
eled by a need for more resources. What is the perspective from the outside 
looking in? Are we doing enough to advertise tailings as a career option? 
This panel will explore what is currently being done to front end load tailings 
focused education programs, what has drawn in current students, and what 
can be improved upon to draw in a larger crowd of future superstars.
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Keeping the Dream Team Together: Building and Retaining 
Strong Teams in Tailings
J. Scalia; Civil & Environmental Engineering, Colorado State University, Fort 
Collins, CO
There are many roles required to effectively implement a robust tailings 
management system and the Engineer of Record (EOR) is one of the most 
important. Building and retaining strong teams around the EoR is crucial for 
success. With the renewed global focus on tailings management the de-
mand for experienced EoRs has increased significantly creating a catalyst 
for movement within the industry. How can we build a team around the EoR, 
promote retention, and achieve successful succession? This panel will ex-
plore the key factors behind retention from the perspectives of the consul-
tant, recruiter, and owner.

TUESDAY, FEBRUARY 28
AFTERNOON

VALUATION II: LESSONS LEARNED
2:00 PM 
Chairs: D. Falkenstern, Society for Mining Metallurgy and Exploration, 
State College, CO 
J. Beck, J. M. Beck & Associates, Lakewood, CO

Introductions

Mineral Appraisal - Is it an “As Is” or an “As It Could Be” 
Value?
J. Beck; J. M. Beck & Associates, Lakewood, CO
The concept of “as is” value is generally recognized as that value repre-
sentative of the actual condition or situation of a subject mineral (or other) 
property, so-determined as of the effective date of value. It is derived on a 
stand-alone basis, but is often then combined with “market value”, resulting 
in a so-called “as is market value”. USPAP recognizes neither the “as is” nor 
the “as is market value” terminology, instead deferring to various definitions 
of “market value”. Irrespective of the appraisal objective, and it is the ap-
praiser’s responsibility to fully understand the appraisal assignment at hand, 
the “as is” or “as is market value”, when examined in proper context, may not 
significantly differ from “market value”. All measures of value are dependent 
on the outcome of the highest and best use (HBU) analysis, which incorpo-
rates a USPAP-recognized sequence of four tests. Yet, a mineral property’s 
value may be uniquely influenced by or highly dependent on property status 
and/or stage of development. There may be substantial evidence, if credibly 
supported, to conclude an “as it could be” value (in lieu of “as is”) that is 
substantively equivalent to “market value”.

Hypothetical Conditions (a/k/a Pie in the Sky)
A. Stagg; Stagg Resource Consultants, Inc., Cross Lanes, WV
USPAP defines a Hypothetical Condition as “[...] a condition, directly related 
to a specific assignment, which is contrary to what is known by the appraiser 
to exist on the effective date of the assignment results, but is used for the 
purpose of analysis.” The Cambridge Dictionary defines “pie in the sky” as 
“[...] something that you hope will happen but is very unlikely to happen.” 
This presentation explores the widespread application of the Income Ap-
proach to Value based on mining operations that do not exist and for which 
there is no basis on which to presume they would have existed in the fore-
seeable future. Equating the “value” obtained in this fashion to market value 
defies the practices of “willing buyers” and is particularly egregious when 
used in condemnations, takings, conservation easements, and gifting.

Principle of Substitution in Mineral Appraisal
E. Mudd; Rock Associates, Ltd, Overland Park, KS
When presented with a variety of identical assets, a typical buyer selects 
the option costing the least while still maintaining all relevant objectives. 
In appraisal practice, the principle of substation requires the appraiser to 
account for this tendency of buyers to gravitate to the least-costly alternative 
when acquiring real property, including mineral resources. To identify alter-
nate sources of minerals, Mineral appraisers have the geoscientific training, 
industry experience to mirror the thought process of a mining investor and 
identify the alternate properties which could be acquired in place of a subject 
property. This awareness and understanding of investor behavior influences 
the valuation process. This case explores side by side, the methodology used 
to value a property when no alternates are considered, vs. when alternate, 
substitute properties are analyzed. Although many key differences are noted, 
the principle of substitution and the appraiser’s ability to compare geoscien-
tific attributes between comparable properties is emphasized.

Impact of Mineral Ownership on Oil & Gas Development – 
An Appalachian Basin Perspective
K. Ayers; Ayers Petroleum Consulting LLC, Canonsburg, PA
Mineral extraction has been part of the American economy for centuries; 
the Appalachian Basin is literally the birthplace of the oil and gas industry, 
and this long heritage of mineral development heavily impacts operators and 
future development of hydrocarbons today. Without the proper diligence, op-
erating companies cannot take the risk of extracting hydrocarbons. Many of 
the mineral rights have been severed from surface estates over 100 years 
ago, resulting in extremely convoluted ownership structures. Historical regu-
latory and legal precedence has, in some cases, made it difficult for uncon-
ventional, horizontal well development. Understanding of the development 
process from an operator’s viewpoint is necessary for both mineral owners, 
advisors, tax professionals, and other professional related to the oil and gas 
industry. The decision to invest millions of capital dollars to develop a spe-
cific area is multi-faceted, full of risk and uncertainty analyses, and heavily 
dependent on the clarity of mineral ownership. This talk will seek to discuss 
these topics and enlighten all stakeholders in the process of oil and gas 
development in the Appalachian Basin.

Oil and Gas Capital Raises
A. Clay and G. Karam; Ernst & Young Advisory Services, Sandton 
Johannesburg, Gauteng, South Africa
In our experience with capital raises in the oil and gas space, there have 
been areas of misconception or lack of granular transparency around NPVs, 
IRRs, payback periods, break-evens and, in particular, the alignment of the 
capex per the financial information and the sources and uses of funds per 
the prospectus. This presentation aims to recommend specific metrics and 
visuals to include in the presentation of prospective financial information 
(PFI) to facilitate the coalescence of the technical and financial information 
presented in the competent person’s technical report and the sources and 
uses of funds presented by the sponsors in the prospectus. These metrics 
and visuals are also positioned to improve and enhance the transparency 
and understandability of the PFI for the users of these reports.
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WEDNESDAY, MARCH 1
MORNING

COAL & ENERGY: ALTERNATIVE ENERGY AT MINE 
SITES
9:00 AM 
Chairs: G. Hasenfus, Barr Engineering Co 
J. Fiddler, Canonsburg, PA

Introductions

Land Utilization Repurposing Application (LURA) for 
Sustainable Development After Mine Closure
W. Pohl², C. Steiakakis³, N. Steiakakis³, H. Nguyen², R. Perks² and 
Z. Agioutantis¹; ¹Mining Engineering, University of Kentucky, Lexington, KY; 
2World Bank Group, Washington, DC and ³Geosysta, Athens, Greece
Mined lands need to be reclaimed during mine closure so they can meet 
proper environmental conditions that are safe for the community and do not 
pose liabilities for any future land use and also to repurpose them in a way to 
develop future economic value for the benefit of the community. The World 
Bank has developed a Land Repurposing Methodology (LRM) that recognizes 
the interconnected nature of the issues that confront operating companies 
at the time of mine closure and underscores the need for mine operators 
to develop a comprehensive resource management plan early in mine op-
eration and periodically through closure until a land is fully reclaimed and 
repurposed to support both strategic planning and the operationalization of 
a regional transition. The software application (LURA) which combines risk-
based land assessment with spatial planning capabilities on a GIS platform, 
will be presented and how this application produces future land use types.

The Specifics of Siting PV on Mine Lands: Research and 
Industry Evidence
E. Tsybina¹, F. Omitaomu¹, A. Walker² and Y. Polsky¹; 1Oak Ridge National 
Laboratory, Oak Ridge, TN and ²National Renewable Energy Laboratory, 
Golden, CO
The post-production stage of coal mines is a valuable addition to the mining 
activities as it helps maintain employment, business, and tax revenues for 
mining communities. One such post-production option is the development 
of renewables. We investigate the main enablers and barriers for PV, one of 
most common renewable technologies in the US. We discuss how mining 
past affects siting, operation, and eventually economical attractiveness of PV. 
We review orthogonal area, steepness and orientation of mines and tailing 
piles, the effects of dusting and shading, hydrology, access to roads and 
transmission, economic and resource considerations, as well as social con-
siderations in the development process. We conclude by a review of existing 
tools and efforts to help PV development on mine lands.

The Role of Nanofluids on Enhancing the Solar Energy 
Performance with Focusing on the Mining Industry
F. Molaei² and H. Siavoshi¹; ¹Mining and Geological Engineering, University 
of Arizona, Tucson, AZ and ²Stantec Inc, Phoenix, AZ
Solar energy systems are one of the most effective replacements for tradi-
tional fossil fuels because of their capability to turn solar energy directly into 
heat and electricity with no harmful environmental consequences such as 
CO2 production and climate change. Despite the challenges and motiva-
tions, the implementation of solar energy is still slow in the mining industry. 
There are many opportunities to bring this new technology to mine sites. The 
most important objective of switching to renewable energies is increasing 
the efficiency of solar panels and decrease the cost of energy production. 
Improving the thermal performance of solar energy systems by using nano-
fluids with superior thermophysical properties is a viable option. In this paper, 
the fundamental parameters, which improve the nanofluid properties and 
make the solar systems more cost effective are reviewed.

Safety Considerations for Methane Reduction Flares at 
Coal Mining Operations
E. Boys; Perennial Energy, LLC, West Plains, MO
Methane Reduction Flares (MRFs) at coal mining operations are a potential 
source of new revenue and a greener public image. However, MRFs intro-
duce risk management concerns due to the presence of combustion. This 
presentation addresses ways to mitigate risks to mine operators both below 
and above ground. Hazard and Operability Analysis, Risk Elimination, Engi-
neering Design, and Engineering Controls are discussed as detonation & 
deflagration control methodologies that ensure the health and safety of your 
workforce.

Catalytic Oxidation of Ventilation Air Methane (VAM)
Y. Lugo-Jose², J. Fedeyko², D. Watson3, P. Evans³, H. Chen4, J. Fiddler5, 
M. Karmis¹ and D. Stinnette6; ¹Karmis LLC, Blacksburg, VA; 2Johnson 
Matthey Inc., Audubon, PA; ³Johnson Matthey, Billingham, UK; 4Oakridge 
National Lab, Oakridge, TN; 5Consol Energy Inc, Canonsburg, PA and 
6Ventilation Innovation, Charlottesville, VA
Johnson Matthey, Oak Ridge National Laboratory and CONSOL Energy 
are partnering on a DOE funded project to implement a catalytic oxidation 
technology for abatement of methane from VAM sources. The research will: 
develop a cost-effective methane oxidation catalyst with 75% PGM cost re-
duction; design a commercial-scale and a field test unit with capacities of 
handling approximately 100,000 and 1000 scfm VAM; generate one year 
field data on the field test unit to prove technology reliability and guide the 
commercial unit design for meeting <$40/ton CO2e Levelized Cost of Car-
bon Abatement (LCCA). The work on site, inlet compositions and the applica-
tion of findings to the screening of targeted formulations will be discussed.

Novel VAM Destruction System to Reduce Greenhouse Gas 
Contributions from Coal Mining Operations
J. Fox¹ and B. Baird²; 1Mine Ventilation Services, SRK Worldwide, 
Vancouver, BC, Canada and 2R & D, Precision Combustion, Inc., North 
Haven, CT
Ventilation Air Methane (VAM) comes from various sources, including return 
(exhaust) ventilation air from active coal mines. VAM abatement is necessary 
to substantially reduce greenhouse gas contributions from mining. A newly 
proposed VAM mitigation pilot plant is expected to be hosted at a highwall 
mining (HWM) operation. Current HWM equipment includes remote control 
systems which use video feedback from the cutting head to the operator 
unit during normal mining activities. To improve video quality during mining 
operations, mechanically supplied airflow is proposed as a control system 
improvement that will clear dust from the field of vision at the surveillance 
camera, underground during coal excavation activities. Airflow generated at 
the HWM is expected to be completely saturated with water vapor (2.5% by 
volume), with possible high methane concentrations (1.1% to 5% by volume) 
and have a concentration of coal dust greater than 300 milligrams per cubic 
meter. VAM flowrate for this HWM is expected to be approximately 0.7 cubic 
meters per second. These metrics demonstrate the very outer limits of con-
tamination that could be expected in VAM generated by coal mining.

Abatement of Ventilation Air Methane (VAM) Emissions 
from an Underground Coal Mine with the VAMOX® 
Regenerative Thermal Oxidation Technology for the 
Production of Carbon Credits
G. Drouin, D. Kay and E. Le Couedic; Biothermica, Montreal, QC, Canada
Methane released by underground coal mine operations is a greenhouse 
gas (GHG) 25 times more potent than CO2. Some 40,2 million TeqCO2 are 
emitted from the coal mine sector representing 6 % of all the methane re-
leased in the US atmosphere in 2020. Some 70 % of the emissions of the 
coal sector is through the Ventilation Air Methane (VAM). Over the last 15 
years, Biothermica has developed the Vamox® Regenerative Thermal Oxi-
dation (RTO) technology specifically optimized to abate VAM, with a first 30 
000 acfm VAMOX® unit installed in at the evasé of an underground coal 
mine in Alabama in 2008. A full scale 150 000 acfm second VAMOX® unit 
has been installed in 2022 at the site of an underground coal mine in Vir-
ginia. The installation will lead to large GHG emission reductions generating 
carbon offset registered under the California Air Resource Board coal mine 
methane protocol.
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WEDNESDAY, MARCH 1
MORNING

COAL & ENERGY: OPERATIONS PROJECTS, 
DEVELOPMENTS, AND INNOVATIONS II
9:00 AM 
Chairs: J. Bobbera, Robindale Energy, Ligioner, PA 
B. Williamson, Consol Energy Inc, Hickory, PA

Introductions

Keeping Coal Relevant – One Company’s Journey in 
Developing New Markets in a Coal-Adverse World
E. Shereda; Technology and Applied Improvements, CONSOL Energy Inc, 
Canonsburg, PA
Although coal remains a vital part of the world’s energy supply, the attempt 
to cancel coal has impacted the entire industry. Can one of the cheapest and 
most abundant raw materials available in the world still compete today? As 
part of its diversification effort, CONSOL Energy is a partner on several proj-
ects to pioneer and develop novel, non-traditional uses for coal. From coal 
plastic composites and alternative building materials to aerospace tooling 
and the power plant of the future, coal is still important in our society.

Overcoming the Past: Managing Through Operational and 
Engineering Challenges Related to Re-Mining of Historic 
Mine Workings
C. Bartkoski; Lehigh Anthracite LLC, Tamaqua, PA
Lehigh Anthracite operates on the largest contiguous surface mining permit 
in the state of Pennsylvania. Throughout the entirety of the reserve, historic 
underground mining has occurred dating back to the late 1700’s, which 
poses many unique engineering and operational challenges specific to the 
reserve. Modern-day exploration drilling techniques have been rendered 
nearly useless due to the expansiveness of the underground mine workings. 
Therefore, the mine operator must rely on hand-drawn mine maps and cross 
sections detailing the reserve as the sole source of reserve information. Us-
ing modern mapping technology and innovative operating practices, Lehigh 
has been able to navigate these challenges safely and successfully.

Keeping Cumberland Mine Alive – Iron Senergy’s New No. 
3 Coal Refuse Disposal Area
K. Gump, PE; Engineering, Iron Senergy, LLC, Morgantown, WV
Iron Senergy is actively constructing its new No. 3 Coal Refuse Disposal 
Area in southwestern Pennsylvania to allow Cumberland Mine to continue 
producing after previous ownership decided to cease all future expansion. 
With the project revived, Iron Senergy pivoted from plans for a high-hazard 
slurry impoundment to a safer combined coal refuse facility. Permit revisions 
underway, the next challenges were to condense the timeline, get creative 
with the budget, and partner with local companies to move 2 million cubic 
yards of earth, restore 43,000 feet of stream, and build 4,000 feet of con-
veyor in mere months.

How Hard Can It Be? Lessons and Challenges Associated 
with the Relocation and Upgrade to the Itmann Preparation 
Plant
A. Russell1, D. Phillips¹, B. Williamson² and J. Ward²; 1Raw Resources 
Group, Princeton, WV and 2Consol Energy Inc, Canonsburg, PA
The former Buckingham Coal Preparation Plant was acquired by CONSOL 
Energy in 2021 and proposed to be moved from Corning, Ohio, 200 miles 
South to Itmann, West Virginia. In addition to the relocation, upgrades to 
the plant were required to meet the washability requirements for low-vol 
coals being mined at Itmann, specifically the addition of a clean coal plate 
press and flotation cells to the fine coal circuit. The deconstruction, trans-
portation and reconstruction of the plant was carried out by the specialized 
civil, mechanical, electrical, and engineering teams within Raw Resources 
Group. The process addition of two state-of-the art plate presses for the 
ultra-fine clean coal, allowing for the recovery of material typically lost within 
the screenbowl centrifuge, will also be covered in this paper. The engineer-
ing and construction of the relocated plant encountered many engineering 

and construction related challenges from overall design & layout, processing 
circuitry, and the erection of the new facility. The commissioning and perfor-
mance of the plant will be discussed further as well.

Calculate....but Verify: An Evaluation of Multiple Seam 
Mining Interactions in Central Pennsylvania Coal Mines
S. Baker and J. Zelanko; Rosebud Mining, State College, PA
Rosebud Mining Company operates 15 underground coal mines in the Al-
legheny and Pottsville Group formations in Pennsylvania and Ohio. Condi-
tions which affect ground stability vary between and within mine properties. 
Both geology and stress can contribute to adverse roof or pillar stability. This 
presentation will discuss Rosebud’s experience at several mines which en-
countered adverse ground conditions related multiple seam interactions. The 
discussion will focus on the procedures Rosebud uses to anticpate, design 
for, and mitigate multiple seam interactions to optimize safe and productive 
mining. These methods include researching the mining history of a proper-
ty, underground evaluations, empirical design programs such as ACPS, and 
numerical modeling.

Changing Dynamics Impacting the US Met Coal Industry
W. Wolf; John T. Boyd Company, Canonsburg, PA
Strong pricing environments have historically provoked a resultant increase 
in exports from US coking coal producers. Acting as a “swing supplier”, the 
US coking coal industry has traditionally increased its participation in the 
coking coal seaborne export market during times when increased interna-
tional prices justify these actions. Alternatively, when international prices fal-
ter, US producers have tended to retreat from the export market, curtailing 
coal output to match reduced demand. Although this pattern of “ramping 
up/ramping down” coking coal production in unison with international pric-
ing is not expected to change anytime soon, several structural challenges 
and other instabilities have been identified that could inhibit the future level 
of response from US coking coal suppliers, regardless of prevailing market 
conditions/prices. Given the US industry’s important role in the international 
market, this paper will investigation these and other factors, and their in-
fluence on future US coking coal production performance and capabilities.

Mining Equipment Management Performance Metrics
J. Hoffman; Global Mining, Caterpillar Inc, Tucson, AZ
Performance measurements of mining equipment are a crucial tool for a 
maintenance department to maintain equipment in optimum condition via 
problem or failure avoidance. The most valuable performance measures 
identify weak areas within the organization, poor maintenance practices, and 
other improvement opportunities. The metrics included in this presentation 
will help identify and understand the on-site performance of mobile mining 
equipment related to product health, and maintenance & repair processes. 
Performance Metrics enable insight into application severity, operating prac-
tices, contract guarantees & commitments, and contract financial health.
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COAL & ENERGY: URANIUM PROJECTS, 
EXPLORATION, ASSESSMENTS AND 
INNOVATIONS
9:00 AM 
Chairs: K. Johnson, Barr Engineering Co, Minneapolis, MN 
B. Schiffer, Whitman College, Sheridan, WY

Introductions

Securing Nuclear Fuel Supply Chains, an Update on the 
U.S. Uranium Industry
W. Goranson; enCore Energy Corp., Corpus Christi, TX
From the 1950’s through the mid 1980’s, the United States has been a 
significant producer of uranium with a domestic nuclear fuel cycle to pro-
vide a secure supply chain for nuclear fuels used in civilian nuclear power 
generation and for government national security programs. Over the past 
four decades, government policies and changing geopolitical priorties have 
eroded the domestic uranium production capacity and decommisioning of 
critical pieces of the domestic nuclear supply chain.A commercial transi-
tion to non-U.S. sources of fuel and a changing geopolitical climate occured 
that resulted from the collapse of the “Iron Curtain”. Over the last 20 years, 
global supplies have been dominated by state owned enterprises. In 2021, 
the Energy Information Administration reported that the U.S. produced less 
than 25,000 pound of uranium when 46 million pounds of uranium per year 
is consumed. Almost 60% of the uranium imported for generating electricty 
with nuclear power was sourced from Russia, Kazakhstan and Uzbekstan. 
Russia’s invasion of Ukraine in Feburary 2022, has changed that paradigm, 
and how will the United States respond as “secure” supply chains are no 
lonber considered “secure”?

Domestic Mining to Support U.S. Move Toward Uranium 
Self-Sufficiency
P. Pierce; CERSC, US Geological Survey Southwest Region, Denver, CO
The Uranium Reserve Program, created by a 2021 act of Congress, aims 
to reduce dependence on foreign uranium imports by encouraging domes-
tic production. Mining process production can better compete with foreign 
supply if in-situ recovery operations with a full annual production capacity 
of 35.3 million pounds (EIA, 2022A) is augmented by a potential daily pro-
duction of 6,475 ore tons from three licensed standby conventional uranium 
mills and a fourth undeveloped mill (EIA, 2022B). Enhanced exploration and 
development of domestic reserves will be required to sustain this nation-
al program. References: Energy Information Agency (EIA), 2022A, Uranium 
Marketing Annual Report: May 26, 2022, Uranium Marketing Annual Re-
port - (eia.gov) Energy Information Agency (EIA), 2022B, Domestic Uranium 
Production Report – Annual: May 18, 2022, Domestic Uranium Production 
Report - Annual - (eia.gov)

Solubility Controls on Uranium in Calcium Carbonate 
Dominated Shallow Alluvial Aquifers
P. Nolan1, R. Verburg2 and K. Weber³; 1WSP Golder, Farmington Hills, MI; 
2WSP Golder, Redmond, WA and ³Department of Earth an Atmospheric 
Scienced, University of Nebraska-Lincoln, Lincoln, NE
The geochemical mechanisms controlling the stability of naturally occur-
ring uranium (U) or U released from anthropogenic activities such as ore 
processing or mining operations can be highly complex. Uranium is pre-
dominately found in two forms: the mostly soluble oxidized U(VI) form or 
as a reduced, sparingly soluble U(IV) mineral. Although soluble, U(VI) can 
precipitate as a calcium-uranyl-carbonate mineral where groundwater is at 
or near saturation with calcite. At a naturally occurring U site, although mostly 
oxidized (85%), U levels in groundwater remained low (< 30 ug/L), even with 
abundant U in sediment. Calcite was identified to be a predominant mineral 
associated with U. Similarly, at an ore processing plant, U released into the 
aquifer was found through sequential extraction to be predominantly associ-
ated in the carbonate fraction of soils. Dissolved U in groundwater was also 
relatively low (~450 ug/L) given the abundance of U in sediment (33 mg/kg). 

Geochemical modeling was able to reproduce observed dissolved U con-
centrations by postulating a hypothetical calcium-uranyl-carbonate mineral 
as a proxy for the carbonate mineral(s) sequestering U, controlling solubility.

Mineralogy and Leachability of Grants Uranium District 
Ores, New Mexico
A. Pearce; INTERA Incorporated, Albuquerque, NM
We investigated the mineralogy and leachability of sandstone-hosted ura-
nium ores from the Grants uranium district in northwestern New Mexico. 
Ores of the Jackpile Sandstone and Brushy Basin members of the Jurassic 
Morrison Fm are characterized by cryptic mineral and mineraloid mixtures, 
and uranium hosted by “uraniferous organic matter”. Leaching tests using 
alkaline lixiviants and ambient groundwater showed that gangue mineralogy 
and the non-mineral hosts of uranium produce leaching trends entirely dis-
cordant to those of stoichiometric minerals previously identified as important 
components in these deposits. It is imperative that a better understanding of 
sandstone-hosted uranium ore is developed before predictions of the eco-
nomic yield and environmental effects of leaching can be made. The dearth 
of crystalline uranium minerals and predominance of amorphous U-bearing 
material means that a “one size fits all” modeling approach based on the 
known solubility of crystalline uranium phases is inadequate for mining and 
environmental impact predictions.

Groundwater Restoration at the Christensen Ranch 
Uranium ISR Mine: Considerations for Mine Permitting, 
Reclamation, and Closure
M. Hay; Arcadis U.S., Inc., Broomfield, CO
Effective, demonstrable groundwater restoration is a critical step in achieving 
uranium In Situ Recovery (ISR) mine closure. Factors to consider include 
the ambient pre-mining geology, the influence of lixiviants on residual ura-
nium and secondary geochemical effects, production zone hydrogeology 
influencing extraction efficiency and restoration, and fate and transport of 
constituents in the downgradient aquifer. Importantly, these factors must 
be understood as early as the planning and permitting stages and should 
include potential for evolving regulatory requirements as mining proceeds. 
This presentation will summarize the groundwater restoration program for 
the Uranium One Christensen Ranch ISR Mine in Wyoming. Following ac-
tive mining and aquifer restoration, regulatory approval of the restoration 
program (granted in 2021) relied on an extensive package that included 
statistical evaluations of 15 years of post-reclamation water quality data and 
development of a reactive transport model for uranium, selenium, and radi-
um. These evaluations will be presented along with key insights and lessons 
learned that may inform all aspects of the mine life cycle, from planning to 
closure.

Use of GoldPHREEQC to Model Uncertainty in Uranium 
Reactive Transport for Closure of Uranium ISR Operation
K. Johnson, A. Ling and A. Janzen; Barr Engineering Co, Minneapolis, MN
As part of closure of a uranium in-situ recovery (ISR) facility, regulations 
allow alternative concentrations limits (ACLs) for hazardous constituents in 
groundwater (1) if the proposed limits are as low as reasonably achievable, 
and (2) that the constituent, at or below the ACL, will not pose a substan-
tial present or potential future hazard to human health or the environment. 
Uranium is often the focus of ACL applications. Although the geochemical 
controls on uranium mobility are generally well understood, the uncertainty 
in model outcomes due to the variability of input parameters is not always 
well characterized. By coupling a PHREEQC uranium reactive transport mod-
el with GoldSim’s dynamic probabilistic modeling framework, the effects of 
uncertainty in model input parameters can be systematically evaluated. This 
work focused on a set of groundwater parameters that generally control ura-
nium transport following ISR with carbonate lixiviant: pH, ORP, carbonate and 
calcium concentrations, and the amount of hydrous iron oxides for adsorp-
tion along the flow path. The results show the range and likely mid-point of 
concentrations along the flow path as a function of time.
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Broken Landscapes: Cold War Era Uranium Mining in 
South Dakota
P. Werner; US Department of Agriculture, Washington, DC
The Riley Pass Uranium Mine Complex in northwest South Dakota is a rem-
nant of Cold War era uranium mining that has left a contaminated and de-
graded landscape. High levels of As, Ra-226, U, Se, and Mo have rendered a 
once pristine and culturally rich environment hazardous to human health and 
to habitat integrity. The US Forest Service is currently reclaiming this aban-
doned uranium mine site using a landform-inspired design approach with 
the goal of reducing the human health and safety hazard, and to re-establish 
a productive and thriving ecosystem.

WEDNESDAY, MARCH 1
MORNING

COLORADO MINING ASSOCIATION
9:00 AM 
Mine Updates 
Get the latest updates on activities and initiatives at many Colorado mines.

WEDNESDAY, MARCH 1
MORNING

ENABLING INDUSTRY TRANSFORMATION WITH 
ARTIFICIAL INTELLIGENCE
9:00 AM 
Chair: H. Ednie, Global Mining Guidelines Group

Introductions

Enabling Industry Transformation with Artificial 
Intelligence
H. Ednie; Global Mining Guidelines Group, Montreal, QC, Canada
The mining industry is increasingly using AI as a tool to optimize processes, 
enhance decision-making, derive value from data, and improve safety. Nev-
ertheless, the transition to an AI-enabled mine will look different for every 
organization, and an inadequate, poorly prepared, or inefficient implemen-
tation can result in revenue loss, accidental system failures, resistance to 
change, potential hazards and labour risks. While AI has many benefits for 
the industry, it is still very new and there is a lot of work that needs to go into 
successfully applying it. This session will look at the challenges and opportu-
nities autonomous mining presents, and share good practices to take back to 
your operation. Case studies of AI applications in mining will also be detailed 
to showcase opportunities and ROI. Finally, a Use Case Panel will unite the 
burning requirements from mining company leaders with potential solutions 
from AI experts drawing on experience in other verticals.

WEDNESDAY, MARCH 1
MORNING

ENVIRONMENTAL: MINE CLOSURE AND 
RECLAMATION
9:00 AM 
Chairs: J. Keller, USA Environment L.P, Littleton, CO 
E. Schlenker, Arcadis, Highlands Ranch, CO

Introductions

The Analysis of Hydrologic Conditions to Mitigate Acid 
Mine Runoff for Mine Reclamation and Closure
L. Vecchiarelli, S. Steele and S. Bogart; Arcadis US Inc, Highlands Ranch, CO
Acid mine runoff is a critical concern that is ubiquitous throughout the in-
dustry. This case-study features an on-going remediation of a previous copper 
and zinc mine that produced mill tailings as a byproduct, generating an in-

creased amount of sulfur and trace metals. The mitigation plan aims to reduce 
acid mine runoff to nearby water resources and lower ongoing costs of water 
treatment. This design involves an excavation, consolidation, and cap system 
installed on location that is utilizing cold weather extremes to a construction 
advantage. This case-study is presented through the perspective of hydrologic 
conditions: pre-construction, current, and proposed closure condition.

Mine Reclamation and Stormwater Management
L. Gonzalez; Reclamation Department, Freeport-McMoRan Inc, Phoenix, AZ
Mine Reclamation and Stormwater Management Reclamation is the process 
of restoring mined land and returning it to a natural state by implementing 
measurements that allow the development of an alternate economic or eco-
logical post-mining land use. The reclamation process includes regrading 
and contouring land once used by the operation. This process ensures the 
creation of comprehensive water drainage systems to divert stormwater off 
the facility and limit infiltration. Furthermore, capping the land with a de-
signed and engineered evapotranspirative cover system, and reseeding with 
native vegetation to create stable, self-sustaining ecosystems and promote 
wildlife habitat. The overarching goal of reclamation is to protect covered ma-
terials from erosion and minimize infiltration. However, managing stormwater 
presents a challenge because many factors control water dynamics, climate 
variability, soil physics and land cover. Therefore, our role as stewards of the 
land is to plan responsibly, design and manage safe cover systems.

Management of PMF for Tailing Facility Closure
M. Chalona; Engineering Analytics, Fort Collins, CO
Extreme weather events could put even more strain on existing mining facili-
ties. Some mining companies are responding to this increased risk by proac-
tively providing increased protection to their facilities. At a 125-acre legacy 
Colorado tailing site with a 155-foot high, 1,900-foot-long dam, increasing 
the capacity of the stormwater diversion ditch and a drop structure provided 
added security during extreme rainfall events. The project included demoli-
tion of existing pipe drop, rough grading of the new channel and drop struc-
ture, PVC drain pipe installation, drop structure floor and structure wall con-
struction, inlet sloped floor slabs construction, baffle blocks, baffle piers, and 
chute blocks, finish grading of the downstream channel, culvert installation, 
riprap placement and grouting, parking lot base course installation, shaping 
and grading access roads, handrail installation, fine grading, seeding and hy-
dro mulching, final inspection, as-built survey. These improvements allowed 
for the protection of the facility during the Probably Maximum Flood (PMF).

I+MC: Mine Closure Education for Mining Engineers
A. Binder, A. Hutwalker and O. Langefeld; Department of Underground 
Mining Methods and Machinery, Clausthal University of Technology, 
Clausthal-Zellerfeld, Germany
Mine Closure represents the transition from the active stage to the longest 
stage in the lifecycle of mines. Closure plans are not only mandatory for the 
mining permit but also crucial for the social license and need to be consid-
ered proactively from the earliest stage on. As often in Mining, the state of 
the art is based on best practices and lessons learned from numerous cases 
representing a huge part of the current practice. Also, mining companies’ 
internal standards and their policies are another big part of the requirements 
considered in mine closure. Based on the relevance and complexity, an addi-
tional course, focusing solely on mine closure with all its interdependencies, 
was added to the mining engineering curriculum at the authors’ university. 
Modern education elements are combined with the topic’s complexity struc-
tured by the pillars of sustainable mine practice and showcased by case 
studies. The presentation will include the course development and course 
concept, as well as the results of the implementation. The approaches cho-
sen are widely transferable beyond the field of mine closure but can also be 
seen as an inspiration for other course development projects.
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A Case Study of an Integrated Buttress and Landform 
Design for a Legacy Tailings Facility in the Southwest 
United States
D. Ludwick¹, J. Pelletier2, C. Buechler1, N. Abramson², S. Chataut³ and 
S. Ananthanarayan3; 1SRK Consulting, Denver, CO; 2Geosciences, University 
of Arizona, Tucson, AZ and ³BHP Copper, Tucson, AZ
Geotechnical stability is one of the major concerns regarding legacy tail-
ings facilities. Typical tailings stabilization may include slope regrading and/
or buttressing and integration with an erosion resistant cover and landform 
to increase the resiliency of the capital investment, reduce long-term main-
tenance costs, and protect the underlying slope from gullying. Previous work 
integrated field erosion measurements of potential covers and modeled 
landforms using WEPP, SIBERIA, CAESAR-Lisflood, and Rillgen2D. Land-
form-cover alternatives were compared using an MCDA, which led to a pre-
ferred closure alternative. The focus of the recent study was to optimize the 
preferred alternative and confirm a final design for construction. This paper 
describes the implementation of an erosion resistant landform design, the 
practical use of WEPP as a 2D landform screening tool and its limitations, the 
implementation of a new modeling code (Rillgen2D) to assess 3D geometry 
for erosion risk over time, and the unification of observations and modeling 
to arrive at a final design.

Meeting Mine Closure Goals through Integration of Habitat 
and Aesthetics into a Functioning Treatment Wetlands for 
Zinc and Manganese
R. Thomas¹, J. Bays¹, R. Bitely¹, A. Lewis¹, J. Preis¹, A. Pia², J. Meyer¹ 
and J. Strunk, Jr³; ¹Jacobs Engineering Group Inc, Atlanta, GA; ²USA 
Environment, LP, Houston, TX and ³Umetco Minerals Corporation, Hot 
Springs, AR
One of the challenges of mine closure is creating sustainable remedial 
systems that will continue to provide low-cost, low-maintenance treatment 
post-closure. Passive treatment systems offer one option for sustainable, 
low-maintenance water treatment; however, in the post-closure environment 
there is a secondary desire for these treatment systems to blend into the 
natural surroundings and provide a benefit to the future landowner beyond 
simple water treatment. This presentation describes two constructed wet-
lands designed to meet these expectations at a mine closure site in the 
south-central United States. The first system reduces zinc concentration/
loading and increases hardness of the effluent of a pit lake. The second sys-
tem includes three separate wetlands that reduce iron, manganese, and zinc 
concentrations/loadings from groundwater seeps. Both wetland complexes 
include open water and subsurface flow components designed for long-
term hardness addition and metal retention. The surface flow marshes were 
planted with native vegetation and designed with diverse habitat features 
that create a natural aesthetic that blends into the surrounding environment.

In Search of Native Metal-Accumulating Plants to Improve 
Remediation of Mine Tailings in Arid Ecosystems
T. Wlodarczyk¹, S. Rader², I. Barton³, A. Lasbleiz4, Y. Legrand4, C. Grison4, 
R. Maier3 and A. Babst-Kostecka¹; 1Environmental Science, The University 
of Arizona, Tucson, AZ; ²Indiana University, Bloomington, IN; ³The University 
of Arizona, Tucson, AZ and 4Centre National de la Recherche Scientifique, 
Paris, Île-de-France, France
The identification of drought adapted, native, and metal-tolerant plant 
species will strengthen phytoremediation and the restoration of arid 
ecosystems affected by mining. We employed a portable X-ray flu-
orescence analyzer – an efficient, rapid, and non- invasive meth-
od to measure metal concentrations in plant tissues in situ. Across 
various legacy mine sites in the US Southwest, we identified metal- 
hyperaccumulating and excluding plants with high phytoremediation poten-
tial and associated their metal uptake patterns with underlying geological, 
soil, and tailing characteristics. This research broadens our understanding of 
plant metal adaptation in arid ecosystems and supports the mining industry 
in fostering sustainability.

WEDNESDAY, MARCH 1
MORNING

ENVIRONMENTAL: MINE WATER TREATMENT
9:00 AM 
Chairs: J. Aulbach, Brown & Caldwell, Meridian, ID 
D. Levitan, Barr Engineering, Minneapolis, MN

Introductions

Removal of Selenium by Reduction to Selenite and Surface 
Complexation
M. De Ladurantaye-Noel and M. Laliberte; Technologies, Veolia Water 
Technologies Canada, Saint-Laurent, QC, Canada
Due to its chronic toxicity, selenium is a growing concern in many mining 
activities. Veolia has developed a new treatment method for selenium re-
moval, which is based on biological reduction of selenium to selenite, its 
subsequent removal using surface complexation on ferric oxyhydroxide, and 
further biological oxidation of the treated water. This presentation aims to 
open discussion on the reasons pushing the development of this new bi-
ological and chemical approach and its main characteristics. Results from 
laboratory tests will be presented to support the potential of the proposed 
water treatment chain.

Membrane Technology for Mining Applications
P. Thoen; Shelton Associates, Inc., Littleton, CO
Membrane technology is one of the most reliable options for meeting in-
creasingly strict surface discharge requirements for mine impacted water. 
Specifically, reverse osmosis (RO) membrane technology has become the 
standard method for reliably removing contaminants such as ammonia, ni-
trates, heavy metals, cyanides, and sulfates from mine impacted water. How-
ever, the concentrate stream produced by RO membranes can constitute a 
large volume and be challenging to manage. Methods to minimize and treat 
RO concentrate streams will be discussed. In addition, some new membrane 
technologies for mine processing applications to increase recovery will be 
discussed. These applications include cyanide recovery, copper/gold sepa-
ration and calcium sulfate removal.

Cyanide Removal from Tailings Storage Facility Waters
S. Thomas, E. Nunn, B. Holzbauer-Schweitzer and G. Fattore; Engineering, 
Linkan Engineering, Golden, CO
Active treatment for cyanide in waters in Tailing Storage Facilities (TSFs) is 
complicated by the complex and evolving chemistry of these waters, season-
ally variable environmental factors (e.g., temperature, solar radiation), algal 
blooms, and equipment limitations. This paper presents the results from two 
reverse osmosis (RO) TSF treatment plants operated at active and closed 
mines in Alaska and the Yukon Territory, respectively. Each TSF water treat-
ment plant was challenged by variable cyanide concentrations and evolv-
ing levels and types of cyanide species and cyanide degradation products 
present throughout the project. When designing these plants, RO membrane 
performance must be considered for various species as rejection rates will 
vary, impacting the treatment plant’s ability to meet discharge limits. When 
operating these plants, monitoring the levels and types of constituents pres-
ent to assess the design criteria, especially any significant changes to TSF 
water quality, is imperative. In some cases, mitigation (cyanide destruction) 
or polishing (Ion Exchange) of the RO permeate must be considered to en-
sure that effluent quality is compliant with discharge limits.
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Sulfate Removal Using a Biochemical Reactor, Pilot Scale 
Case Study, United Kingdom
G. Fattore¹, J. Gusek1, L. Josselyn¹ and J. Dodd2; 1Linkan Engineering, 
Golden, CO and 2SLR Consulting Limited, Bradford on Avon, UK
Bench and pilot-scale test results supported the selection of a passive sul-
fate reduction process with iron scrubbers and wetlands as the most viable 
option for treating landfill leachate exhibiting elevated sulfate and low metals 
concentrations. This paper presents the results of a pilot-scale test that con-
sisted of four biochemical reactors (BCRs) filled with a mixture of wood chips, 
straw, limestone, and biochar to culture sulfate-reducing bacteria. Shipping 
containers were used for the four BCRs: two BCRs were plumbed in parallel, 
and two in series. For final polishing, the effluents from the two test systems 
fed two sets of sulfide scrubbers and aerobic wetlands. These initial pilot 
configurations failed to meet the discharge target. Subsequently, sand filters 
were substituted for the scrubbers due to the presence of elemental sulfur 
in the BCR effluents which passed through the scrubbers, changing back to 
sulfate in the wetlands. After the installation of the sand filters, the pilot-scale 
system successfully decreased sulfate from about 800 mg/L to less than 
250 mg/L, the discharge target. The test results provided the data necessary 
for designing the full-scale system.

Improve Acid Mine Drainage Treatment Systems with 
Innovative Technically Advanced Equipment
R. Ross¹, J. Easton1, R. Jentzsch¹ and B. Means2; 1Sales Engineering, 
WesTech Engineering Inc, Salt Lake City, UT and 2Regulating, Permitting, 
Office of Surface Mining Reclamation and Enforcement, Pittsburgh, PA
Acid mine drainage (AMD) treatment plants are crucial in cleaning up con-
taminated waters across the Appalachian coal mine region. As abandoned 
mines flood with groundwater, sulphuric acid is produced, and various met-
als are leached from the resident geology. The acidic mine drainage is loaded 
with high concentrations of metals including iron, manganese, and often alu-
minum. Drainage with high iron levels feeds into sensitive waterways, which 
can destroy aquatic ecosystems and discolor streams to a bright orange. 
Recent technological process refinements, such as CO2 stripping, aeration, 
solid/liquid separation, sludge handling, and membrane filtration, improve 
system efficiency and reduce cost, as they enable full-scale AMD treatment 
plants to control, manage, and reuse contaminated water streams while 
safely disposing of toxic wastewaters. This paper focuses on AMD treatment 
plants and details the treatment processes used when the plant was com-
missioned. Reports of process component advancements made to optimize 
the treatment scheme and adapt to water quality changes are covered with 
specific examples from existing treatment plants in the Eastern U.S.

Enhanced Decarbonation of Mine Drainage using Iron 
Oxidation
B. Means; Office of Surface Mining Reclamation and Enforcement, 
Washington, DC
Ferruginous underground coal mine drainage in the Appalachian region 
contains elevated concentrations of inorganic carbon due to interactions 
between mine pools and alkaline recharge water. Alkali chemical costs are 
increased when mine water enriched in inorganic carbon is treated due to 
the acidity released when carbonic acid and bicarbonate deprotonate as pH 
is increased. A common strategy to minimize the deprotonation of mine wa-
ter enriched in carbonic acid is to use an aeration device to decarbonate the 
mine water before adding alkali chemical. On the other hand, the industry 
lacks a strategy to minimize the deprotonation of mine water enriched in 
bicarbonate. This paper presents a novel three-step strategy to minimize 
the deprotonation of both carbonic acid and bicarbonate. The strategy con-
sists of first oxidizing ferrous iron to release acidity and covert bicarbonate 
to carbonic acid followed by a decarbonation step and alkali addition. This 
strategy was implemented at an existing treatment site and increased the 
removal of inorganic carbon from 26% to 56% and resulted in a net annual 
cost savings of 50%.

Non-Biological Selenate Removal in Mining and Other 
Industrial Sectors – Drivers for Implementation & 
Examples of Full-Scale Plants
H. Liang, D. Kratochvil, B. Baker and V. Sundar; BQE Water, Denver, 
Colorado, CO
Environmental impacts of selenium are complex and depend on the receiv-
ing environment. Modern regulations stipulate not only water quality limits 
but also establish fish tissue criteria to measure success for selenium man-
agement. Until recently, all large-scale selenium treatment systems in mining 
used biological removal, and several difficult lessons were learned over the 
years, including: reliance on dilution to meet water quality requirements, bi-
ological production of highly bioaccumulative organoselenium compounds, 
concerns about long-term stability of biological residues, and poor perfor-
mance with variable flow and water quality. Following a decade of testing and 
development, non-biological selenate removal is now being implemented on 
large industrial scales to avoid the shortcomings of biological systems. The 
first three industrial scale non-biological systems using electro-reduction of 
selenium combined with either ion exchange or membrane filtration have 
been commissioned between 2020 and 2022. The paper presents criteria 
to determine the technical fit of non-biological treatment into mining projects 
and provides an overview of the three industrial plants.
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HEALTH & SAFETY: ADVANCEMENTS IN H&S 
TRAINING AND OTHER HAZARD IDENTIFICATION 
STRATEGIES
9:00 AM 
Chairs: J. Brune, Colorado School of Mines, Golden, CO 
V. Gangrade, National Institute for Occupational Safety and Health 
(NIOSH), Pittsburgh, PA 
G. Xu, Missouri University of Science and Technology, Rolla, MO

Introductions

Using Near Missing Events to Create Training Videos
J. Bellanca, B. Macdonald, J. Navoyski, J. Hrica, T. Orr and C. Hoebbel; 
CDC NIOSH, Pittsburgh, PA
Haul truck-related accidents continue to be a significant concern in mining. 
However, trainers lack time and resources to create training. Near miss ac-
counts could help fill this gap. NIOSH collected accounts of near misses from 
21 haul truck operators. From these, NIOSH created four simulation videos. 
The videos make compelling training through first person retelling and var-
ious visual perspectives. Each video exemplifies a critical safety message 
and a common haul truck hazard. This paper describes the process of taking 
narratives and turning them into impactful visual stories. NIOSH plans to re-
lease these simulation videos to raise awareness and ultimately help reduce 
haul truck-related accidents.
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Investigation of Efficacy of Blended Learning Techniques 
for Safety Training Material Development: A Case Study
J. Gordon, N. Vanegas, J. Fonquergne, S. Lotero and P. Roghanchi; Mineral 
Engineering, New Mexico Institute of Mining and Technology, Socorro, NM
Personal protective equipment has been developed and improved over the 
years to reduce the impact that these hazards have on workers but due to a 
number of factors, including complacency and inconvenience, these workers 
do not effectively use their PPEs. This study seeks to develop and evaluate the 
efficiency of training materials with better deliverability to raise the awareness 
of the employees about this problem. Two main categories of training ma-
terials were developed. The first category includes instructor-led PowerPoint 
presentations and handouts. The second category includes blended learn-
ing techniques such as short videos, posters, narratives, and discussions. 
We evaluate the training materials by training over 320 workers across the 
state of New Mexico. This presentation provides a detailed comparison be-
tween various training materials development techniques. Our observations 
suggest that training materials that were developed using self-learning and 
blended learning techniques are significantly more attractive than instructor- 
led training. We also found that shorter training materials and training ses-
sions are more effective in delivering training materials.

Harry’s Hazardous Day: A Cloud-Based Streaming Platform 
for Training and Human Performance Assessment
M. Peltier, L. Brown and J. Burgess; Mel & Enid Zuckerman College of 
Public Health, The University of Arizona, Tucson, AZ
Synthetic learning environments (SLE) are sophisticated computer programs 
that combine games and simulation. Although SLEs have demonstrated po-
tential to improve health and safety training outcomes, they often require 
high-end computers and virtual reality headsets which are unavailable or im-
practical in most training classrooms, limiting their accessibility for the great-
er mining industry. In this talk, we survey recent technological advancements 
which enable cloud-based streaming of high performance SLEs on low-cost, 
commodity hardware such as smartphones, tablets, and laptops. We present 
Harry’s Hazardous Day, a custom-built SLE which uses the streaming model 
to deliver in-depth multi-player scenarios and short, modular training con-
tent that features a simulated 3D production environment. We also outline 
recent advances in cloud-based performance assessment. Using the SLE 
game logs, we may evaluate learners’ situational awareness, hazards rec-
ognition, and use of safe operating procedures, providing supervisors with 
near real-time performance results through a web-based dashboard. We 
discuss key enabling technologies and provide feedback from beta-testing 
with industry partners.

Psychological First Aid & Improved Mental Health in the 
Mining Workplace
A. Abrams; Law Office of Adele L. Abrams PC, Lewes, DE
There is also a growing trend as part of the “Total Worker Health” initiative 
to evaluate fitness for duty at a higher level, including examination of stress 
and fatigue, and implementation of mental health and psychological first aid 
programs to assist in responding to workers in distress from drugs, alcohol 
or other causes. Approximately 30 percent of coal miners surveyed reported 
considering suicide in the past year. Miners are the most valuable resource 
and it is in an employer’s best interest to be proactive on this issue. Employ-
ers assume a significant share of these costs from substance abuse and 
mental illness in the form of absenteeism, increased healthcare expenses, 
lost productivity, and a higher risk of workplace injuries resulting from safety 
lapses. Employers are now integrating Psychological First Aid (PFA) training 
into mine OHS programs, and supervisor preparedness can also help avert 
potential workplace violence situations and assess fitness for duty from all 
causes for those performing safety-sensitive activities. This session will ad-
dress PFA components of a Total Worker Health program and offer proactive 
solutions to improve workplace safety and mitigate risks.

Analysis of the Root Causes of the Fatalities in Surface 
Mining in the United States using Faul Three Analysis 
Based on the Hidden Markov Chains Model
M. Quintero and V. Kecojevic; West Virginia University, Morgantown, WV
Mine Safety and Health Administration data from 2008 through 2021 indi-
cates a total of 246 fatal injuries in surface mining in the United States. The 
category of Powered Haulage contributed to 34.14% of these fatal injuries, 
followed by Machinery with 25.6%, and Falling, Rolling, or Sliding rock or 
material of any kind with 11.78%. The root causes analysis was conducted 
by the Fault Tree Analysis based on hidden Markov Chains (HMC). The results 
show that the “Failure to ensure safe work procedures and conditions while 
the person was performing the task” contributed to most of the fatal injuries 
in the observed period.

WEDNESDAY, MARCH 1
MORNING

HEALTH & SAFETY: HUMAN FACTORS ISSUES IN 
THE WORKPLACE: PROBLEMS AND SOLUTIONS
9:00 AM 
Chairs: P. Rogers, University of Utah, Salt Lake City, UT 
T. Bauerle, National Institute for Occupational Safety and Health, 
Spokane, WA 
E. Gyawu, Rolla, MO

Introductions

Are Fatigue and Sleepiness the Same? A Brief Introduction 
to the Differences and Similarities and Their Implications 
for Work Safety
M. Barham, T. Bauerle and B. Eiter; Spokane Mining Research Division, 
National Institute for Occupational Safety and Health, Washington, DC
Fatigue-related risk is a persistent safety concern for the mining industry. 
However, fatigue and sleepiness are often treated interchangeably which 
can lead to confusion and potentially less effective attenuation of safety 
risk. To provide clarity we present an overview of similarities and differenc-
es between work-related fatigue risk and sleepiness including definitions, 
theories, measurements, and mitigation strategies. As a supplement, a sum-
mative visual model which highlights these similarities and differences is 
presented. Expanding industry knowledge in this area will assist safety pro-
fessionals in crafting more targeted risk management practices appropriate 
for work-related fatigue risk, sleepiness, or both.

Risk Management Culture and Mining Property Insurance - 
The Relationship your Organization Needs to Understand
C. Pecora; Hawcroft, Venetia, PA
Is the risk management culture in your organization supportive of reducing 
your insurance risk exposure? This paper will focus on some of the most 
prevalent aspects of how the risk management culture and practices of an 
organization can influence a company’s risk exposure. Where there is risk 
exposure present for a company, there is typically risk exposure from an 
insurance perspective. A view will be shared about the risk management 
culture in an organization and how this can influence the perception from 
external to the company, which can play a role in securing insurance at 
desirable rates.
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Miner-Centered Approach to Understanding Technology 
Needs for Self-Escape in Underground Metal and Non-
Metal Mine Emergencies
E. Gyawu¹, K. Awuah-Offei¹ and D. Baker²; ¹Mining Engineering, Missouri 
University of Science and Technology, Rolla, MO and ²Psychological 
Science, Missouri University of Science and Technology, Rolla, MO
Disasters in underground metal and nonmetal mines are very rare compared 
to underground coal mines. However major accidents were recorded in the 
1970’s with reported 96 fatalities. There has been increased research and 
use of safety technologies to aid miners during mining emergencies. How-
ever, much of these efforts have not been driven by user-centered, human 
factors design. Motivated by a similar study in U/G coal mines, this research 
elicited direct feedback from miners to identify and understand their per-
ceptions about the potential efficacy of proposed self-escape technologies. 
Using a scenario-based online survey we elicited miners’ feedback on 18 
technologies aimed at improving self-escape. Preliminary results suggest 
there is a need for improvements in technology, usability and comfort of 
safety equipment’s required to self-escape during an emergency. For exam-
ple, an improved SCSRs that allow miners to switchover without breathing 
contaminated air ranked high. Findings from this study will be directly ap-
plied to a series of proof of concept and prototype studies aimed at improving 
self-escape technologies through human-centered designs.

Workers’ Compensation Data Analysis to Characterize 
Injury Severity in the Mining Industry
P. Kadrolli¹, S. Chatterjee¹, R. Kaunda2, H. Miller2 and A. Majdara1; 1Geological 
and Mining Engineering and Sciences, Michigan Technological University, 
Houghton, MI and ²Mining, Colorado School of Mines, Golden, CO
The hazardous environments often inherent to the mining industry make 
workers vulnerable to potential injuries. Therefore, it is necessary to create 
monitoring procedures in comprehensive safety management to reduce the 
injury risk and fatalities. The incidence of lost-time injuries is a useful indi-
cator of risk assessment. In this study, 700 mine workers’ compensation 
claims reported from 2014 to 2018 in Alaska were utilized to characterize 
injury severity. The medical only and days lost were used as a measure of 
injury severity, and effects of age, gender, cause of injury, nature of injury 
and body part injured were investigated. The variable pairs were sorted using 
contingency tables, and their relationship with injury severity was evaluat-
ed using chi-square and post hoc tests. Through the p-values, the claim 
type showed statistical dependency on all input variables except for gender. 
Post-hoc analysis demonstrated employees below age of 20, infectious and 
parasitic diseases, strain, and miscellaneous and whole body were likely to 
have more severe injuries. These statistical findings will help mine operators 
assess their safety management programs in hopes of reducing accidents.

Proposal for Treatment of Psychosocial Effects on 
Mine Workers and Their Families as a Consequence of 
Occupational Accidents
G. Sierra and T. Garzón; Medellin, Universidad Nacional de Colombia, 
Bogota, Bogota, Colombia
The mining sector in Colombia is characterized by its high accident rate, 
with fatalities that exceed results shared with other countries in the region 
and the world. This fact makes that all the attention is turned to analyze the 
issues related to the operational causes that induce accidents, leaving aside 
the analysis of the psychosocial aspects generated as a consequence of 
the accidents. The high number of serious and fatal accidents masks other 
aspects related to the phenomenon of accidents in mining. One of the factors 
of interest that deserves a careful review are the psychosocial factors, not 
only as a cause of accidents, but also as the effects on people resulting 
from this phenomenon. This work seeks to understand what are the psy-
chosocial consequences resulting from mining accidents, both for co-work-
ers and for the relatives of the affected person, as well as the effects on  
the company’s results. As a result of this understanding, it is expected to 
generate the proposal of strategies that can be implemented in the organi-
zation to mitigate the effects of the accident rate.

Encourage Young People for the Mining Industry – New 
Approaches in Empowerment Learning
L. Michael, T. Rudolph and P. Goerke-Mallet; Research Center of Post-
Mining, Technische Hochschule Georg Agricola, Bochum, Nordrhein-
Westfalen, Germany
The mining value chain has played and still plays an important role in our so-
cietal development. Even in a circular economy, mining and raw materials are 
important and the demand for skilled engineers is growing. With the German 
STEM project PepperMINT, we offer a digital and open educational platform, 
as a dynamic MOOC, for pupils and prospective engineers. Using adaptive 
online courses and applied examples from the wide-ranging cycle of mining 
activities, we can increase the curiosity and motivation of pupils to deal with 
STEM subjects. The concept of the free open online classes enables stu-
dents in high school to get insights into the field of engineering before they 
decide the subject of their studies. For freshmen, the courses can help to 
identify and close knowledge gaps and to align different levels of knowledge 
within a heterogeneous student body. Additionally the application-oriented 
content and the diverse use of media demonstrate the diversity of work tasks 
and career path in the field of mining. The empowerment approach along the 
education chain - from high school students to graduate students - helps to 
address the engineers of the future for the mining industry.

WEDNESDAY, MARCH 1
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INDUSTRIAL MINERALS & AGGREGATES: 
BENEFICIATION OF INDUSTRIAL MINERALS
9:00 AM 
Chairs: S. Urade
H. Fayed, Virginia Tech, Blacksburg, VA

Introductions

The ‘Crago Process’ and its Applicability to a South African 
Sedimentary Phosphate Deposit
A. Singh; Engineering, ECSA, Prof Eng, Johannesburg, Gauteng, South Africa
The traditional approach for beneficiation of South African siliceous sedi-
mentary phosphate ores has been reverse cationic flotation. The robustness 
of this approach is a concern due to its sensitivity to parameters such as 
slimes content, headgrade (P2O5 and SiO2 content), reagent dosages and 
conditioning times. The phosphate mineralisation for the ore body under 
investigation is predominantly carbonate fluorapatite composed of mainly 
quartz and apatite and minor amounts of chlorite, ilmenite and carbonates. 
The paper to follow will discuss traditional flotation approaches versus the 
current adopted ‘Crago Process’. The Crago process for the flotation of 
sedimentary phosphate was patented in 1942. This direct-reverse flotation 
process consists of a fatty acid rougher stage followed by an amine cleaner 
flotation stage which is the standard for phosphate flotation in Florida (Guan, 
2009). Due to the upfront addition of fatty acid, an intermediate acid scrub-
bing stage using sulphuric acid is required prior to amine collector addition. 
Comparative results will be presented in terms of upgrade potential for the 
production of concentrate rock for downstream applications.
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ACE Hydrocyclone: A Fast Froth Cyclonic Beneficiation 
Technology for Fine and Ultrafine Minerals
H. Fayed; R&D, Narmer-Engsim, Blacksburg, VA
A new cyclonic-froth separation technology has been developed at Narm-
er-engsim LLC to recover fine and ultrafine minerals in one-step process. 
The new technology is called ACE hydrocyclone. The air feeding system is 
the main component of the ACE hydrocyclone. It has been designed to ef-
ficiently generate air bubbles and prevent clogging problems of air-feeding 
system. We tested the performance of air feeding system using 2-inch hy-
drocyclone against clogging. The slurry consists of 10% by mass of ultrafine 
coal; dp< 50 microns. The device has been kept running for more than 24 
hours and inlet pressure of air has been monitored. The air-feeding system 
shows now signs of clogging problems where inlet pressure of air remains 
constant. The experimental data show a recovery 85% of coal mass and 
specific power consumption equals 0.8/m3 in this small pilot plant. The sep-
aration rate has been found to be nearly 100 times that of a Wemco flotation 
machine. We used ACE hydrocyclone for separation of oil emulsions-in-wa-
ter. The experimental data show 99% separation efficiency and rate constant 
equals 70 1/s. The sepration results are similar to DAF technology but foot-
print is much smaller.

Production of High-Purity Calcite and Rare Earth Elements 
from Phosphogypsum
R. D’Agostini, X. Wang and J. Miller; The University of Utah, Salt Lake City, UT
Phosphogypsum (PG) is a solid waste from phosphoric acid production and 
is primarily composed of CaSO4.2H2O. It has been reported that the content 
of Rare Earth Elements (REEs) in PG from Florida is about 112-300 ppm. 
Recovery of REEs from Florida PG using NH4Cl dissolution is being evaluated 
in this study. After dissolution, high-purity calcite crystals are precipitated 
through CO2 mineralization. Processing parameters, including dissolution 
time, temperature, and liquid/solid ratios, are being explored to determine 
the optimum conditions. Fourier-transform infrared spectroscopy (FTIR) is 
being used to examine the products, and a Ca2+ ion selective electrode 
used to observe dissolution and carbonate formation processes. A flowsheet 
to extract REEs from the NH4Cl filtrate will be developed and validated at the 
laboratory scale. It is expected that the production of high-purity calcite and 
the recovery of REEs from PG will be economically feasible.

Using Sensor-Based Sorting to Reduce Waste, Reuse 
Stockpiles and Recycle Material for Other Uses
J. Rutledge and H. Cline; TOMRA Sorting, Lakewood, CO
Sensor-based sorting (SBS) has long been utilized in industrial minerals to 
separate dark waste from white ore, to generate high-purity products. SBS 
has proven to be critical in generating different grades and purities of indus-
trial minerals including, for example, quartz, salt, limestone, and fluorspar. 
The ability to separate one mineral stream into several valuable products 
generates the most use of the resource and ultimately also produces a pure 
waste stream. Another effective and well-proven use of SBS is for sorting 
coarse particle waste stockpiles. X-Ray Transmission sorting can detect and 
concentrate rocks containing sulfides in historic stockpiles, thus allowing 
recovery from low to marginal grade material which was previously below 
cut-off grade. As a by-product of this process, the reduction in acid-generat-
ing sulfides allows waste material generated by the sorter to be reused and 
redeployed as construction aggregate material. Innovations and practical 
experiences using sorting demonstrate the role that this technology plays to 
reduce waste, reuse old stockpiles and recycle material.

WEDNESDAY, MARCH 1
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INDUSTRIAL MINERALS & AGGREGATES: 
CRITICAL BATTERY MINERALS
9:00 AM 

Introductions

Critical Minerals – Will Government Agreements Change 
Anything?
M. Stine; Stantec, Broomfield, CO
Governments are increasingly interested in de-risking supply chains for min-
erals critical to emerging technologies and economic activity. Like-minded 
governments have been signing agreements to develop resilient and ethical 
supply chains for several years. How important are agreements between 
countries to the market? How important are government policy changes 
to private investment and supply changes? Many partnerships signal in-
tent with little backing, while policy changes have had limited success. The 
America COMPETES Act and US DPA are investments from the USG that may 
help limited producers, but offtake agreements and local manufacturing will 
continue to drive critical mineral project success.

Utah’s Lithium Landscape
A. Rupke; Utah Geological Survey, Salt Lake City, UT
In 2020, Utah became the second active lithium-producing state. US Magne-
sium is producing lithium from the brines of Great Salt Lake as a byproduct 
of magnesium metal production. In 2021, Compass Minerals, another com-
pany operating on Great Salt Lake, announced an intent to produce lithium 
by 2025 and an in-place resource of 2.6 million tons of lithium carbonate 
equivalent representing the entire lake. Other potential resources in Utah that 
have attracted interest include subsurface brines in the Paradox Basin, at the 
Bonneville Salt Flats, and in Pilot Valley. In the Paradox Basin of southeast 
Utah, Anson Resources has been re-entering oil and gas wells to define a 
brine resource within the Pennsylvanian Paradox Formation. The Paradox 
Formation is composed of cyclically bedded evaporite and clastic beds, and 
in the clastic zones, Anson has encountered concentrations of up to 250 
ppm lithium. At the Bonneville Salt Flats and Pilot Valley in northwestern Utah, 
available analytical data indicate concentrations of up to 100 ppm or higher 
in shallow brines. More recently, exploration has broadened to potential lith-
ium-rich clays in western Utah.

Optimization of the Electro Chemical-Assisted Leaching of 
Valuable Metals From LIBs
D. Molina Montes de Oca, M. Shi, J. Klaehn, L. Aldana and T. Lister; 
Chemical Separations, Idaho National Laboratory, Idaho Falls, ID
We previously reported the development of an electrochemical leaching 
(EC-Leach) process for the extraction of metals from lithium-ion batteries 
(LIBs) black mass [1], as a more sustainable alternative to the H2SO4/H2O2 
extraction method. The reductant (Fe2+) is constantly regenerated electro-
chemically to complete the leaching of metals of interest (Co, Ni, Li, Mn) while 
Cu is removed concurrently by electrowinning, eliminating H2O2 and down-
stream Cu removal steps. To make this system more commercially attractive 
and sustainable, the total leaching time (8-10 h) needs to be reduced. In this 
work we study the impact of process variables (S/L, [Fe], [H2SO4], electrode 
geometry) on the leaching time. We obtained a significant reduction (60-
75%) in the leaching time at 75-150 g/L pulp densities without external 
heating. This improvement comes in part from a new cathode geometry 
described in this work. A concentration of leached metal vs time curve is ob-
tained and compared to the current during the leaching process. 1. Diaz, L.A.,  
et al., Electrochemical-assisted leaching of active materials from lithium-ion 
batteries. Resources, Conservation and Recycling, 2020. 161: p. 104900.
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Enhanced Flotation of Ultra-Fine Copper/Gold/Silver 
Minerals Using Optimized Reagent Schemes and Eriez 
Column/StackCell High-Intensity Flotation Technologies
M. Fan1, J. Milbourne², A. Hobert¹ and R. Letkiewicz¹; 1Eriez Flotation, Eriez 
Manufacturing Co., Erie, PA and ²Technical Services, Troilus Gold, Toronto, 
ON, Canada
Ultra-fine copper, gold and silver minerals flotation has gained more and 
more importance because of the increasing need for processing finely dis-
seminated ores. This paper investigates the improved flotation of ultra-fine 
ores from Troilus Gold project. Troilus is primarily an Au-Cu deposit but con-
tains minor amounts of Ag, Zn and Pb, as well as traces of Bi, Te, and Mo. As 
a result of ultrafine Cu-Au-Ag dissemination, Eriez flotation column/StackCell 
and Denver cell flotation were conducted to optimize their respective re-
sponses. Improved flotation results were achieved using column and Stack-
Cell. The KAX 51-SPRI 206 collectors, Na2SO3, and ZnSO4 depressant were 
employed. In column/StackCell flotation of three ores, the rougher-scaven-
ger-cleaner circuit Cu, Au and Ag recoveries were 90.4-95.8% at a Cu grade 
of 13.6-17.4%, 87.5-95.1% at an Au grade of 101-145.9 g/t, and 88.6-
91.8% at a Ag grade of 62.6-251.4 g/t, respectively. The benefits of Eriez 
column/StackCell flotation technologies include the high recovery and selec-
tivity due to the high turbulence dissipation rate to improve ultra-fine particle 
recovery, and the use of wash water to reduce gangue minerals entrainment.

Mineralogy and Geochemistry of Selected Rare Earth 
Elements (REE) Deposits in the North American Cordilleran 
alkaline belt in New Mexico
V. McLemore, E. Haft, E. Owen, M. Woodard and N. Iverson; NMBGMR/NM 
Tech, Socorro, NM
Present and emerging technologies are renewing interest in domestic REE 
production. REE deposits throughout the North American Cordilleran alkaline 
belt are being re-examined for their economic potential. In NM, the mineral 
deposits found in this belt are associated with Eocene–Oligocene alkaline 
to calc-alkaline igneous rocks. Four areas in NM have been examined for 
their REE potential. The chondrite-normalized REE patterns are similar for 
all four districts, even though different REE minerals are found. Crandallite, 
xenotime, bastnaesite and brookite are found in fluorite veins and carbon-
atites at Laughlin Peak. Bastnäsite was extracted during fluorite processing 
from 1954-1980 from the Gallinas Mountains, where samples as high as 
8% TREE are found in fluorite veins. Other REE minerals include agardite, 
parasite, xenotime and monazite. Allanite, thorite and as much as 8133 ppm 
TREE are found in fluorite veins in the Capitan Mountains. In the Cornudas 
Mountains, exploration along the outer edge of the Wind Mountain nephe-
line syenite laccolith and within dikes and plugs in Chess Draw contain as 
much as 3110 ppm TREE, hosted in eudialyte, monazite, bastnäsite, and 
calciocatapleiite.

US Potential Impacts on the Li supply Chain From 
Geothermal Extraction
L. Toba¹, R. Nguyen1, C. Cole3, G. Neupane1 and P. Paranthaman²; 1Idaho 
National Laboratory, Idaho Falls, ID; ²Oak Ridge National Laboratory, Oak 
Ridge, TN and ³Rice University, Houston, TX
As the demand for electric vehicles (EVs) increases, demand for lithium 
(Li) is expected to grow over the coming decade. To satisfy the demand for 
rechargeable batteries, it is imperative to devise solutions for sufficient Li 
production. Even though commercial Li currently comes from conventional 
saline salar brine and spodumene ore extractions, efforts to retrieve Li from 
geothermal brines are increasing in popularity. In this paper, we evaluate the 
United States’ potential to supply Li from geothermal brines using Systems 
Dynamics modeling. The main goals are to assess (1) the viability of US Li 
supply from geothermal brines and (2) the potential supply chain impact of 
extracting Li from this source. Results show that Li supply from geothermal 
brines could (1) reach around 4% to 8% of total global Li supply and (2) be 
economically viable.
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MINING & EXPLORATION: GEOSCIENCES: 
INCREASING VALUE AND REDUCING RISK: ORE 
CONTROL BEST PRACTICES
9:00 AM
Chairs: J. Baar, Rio Tinto Bingham Canyon, West Jordan, UT 
B. Dunn, Barr Engineering Co, Salt Lake City, UT

Introductions

Mine Reconciliation Drivers: Spreading the Word it’s More 
Than Just Geology.
K. Dudgeon; Resource Modeling, Newmont Corporation, Greenwood Village, CO
At Newmont, a common assumption that inaccurate block model predictions 
were the primary reason for mine reconciliation grade variance stems from 
a lack of understanding of the reconciliation processes and drivers, often 
leading to misplaced focus and unnecessary ore control activities. Varying 
software systems, mining process flows, insufficient data quality, reporting 
inconsistencies, and limited visibility led us to build an in-house database 
and dashboard system to capture and report the official global reconcilia-
tion data. The system supports focused investigations and communication of 
global reconciliation performance and action plans, and facilitates ongoing 
continuous improvement initiatives. This system has led to enhanced rec-
onciliation understanding and improved ore control and mining practices.

Digitalizing Process Feed Using Real Time Elemental 
Analysis
H. Kurth; Queensland University of Technology, Brisbane, QLD, Australia
Measuring process feed flows representatively, precisely and in real time 
is essential for mining operations considering digitalization strategies for 
process performance improvement. Ore quality variability alone can reduce 
metal recoveries by ten percent. High performance Prompt Gamma Neu-
tron Activation Analysis (PGNAA) provides multi-elemental measurements of 
conveyed bulk materials continuously through the full flow and has proven to 
outperform all other sensing technologies. Bulk diversion, ore blending, feed-
back and feed forward control, ore reconciliation and metal accounting have 
been significantly improved using such measurement data. This paper out-
lines the success of this technology in various critical metals and minerals.

Mine-to-mill Continuous Improvement Anchored in Drilling 
Accuracy
R. Tamir¹, K. Ingmarsson2 and D. Castro3; 1Consulting, Seekers Strategy, 
Boynton Beach, FL; 2Production tooling, BoartLongyear, West Vally City, UT 
and ³Executive accounts, O-Pitblast, Porto, Portugal
The true impact of inaccurate drilling is usually hidden as the “cost of doing 
business”. This paper will describe the impact of high accuracy drilling on 
rock fragmentation, mine-to-mill improvements, and process. It will go on 
to describe challenges, methods, and tools to improve accuracy by utilizing 
drilling best practices, monitoring tools, and the guidelines for a continuous 
improvement process in order to support overall mine-to-mill performance. 
This paper will describe the impact of high accuracy drilling on rock frag-
mentation, mine-to-mill improvements, and process. It will go on to describe 
challenges, methods, and tools to improve accuracy by utilizing drilling best 
practices, monitoring tools, and the guidelines for a continuous improvement 
process in order to support overall mine-to-mill performance. The paper will 
draw conclusions regarding: Methods to identify poor downstream perfor-
mance due to drilling accuracy. Methods to evaluate the cost impact of poor 
drilling accuracy. The paper will provide practical recommendations on how 
to jumpstart a drilling continuous improvement process contributing to over-
all mine-to-mill performance.
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Changes to Kennecott’s Blast Hole naming Convention and 
the Data Integrety of our Ore Control
J. Laumann; Geology, Rio Tinto, Ogden, UT
The BlastHole naming convention currently used at Kennecott Utah Copper 
presents a variety of data integrety issues for the everyday mining of our 
ore body. Over the course of the past year we have come to recognize the 
substantial amount of money that this is costing the company each year. 
Through manual data collection in the field, we have spent 2022 and the 
last half of 2021 tracking errors, the corrections of these errors, and the 
estimated financial impact they have had on Rio Tinto Kennecott. With the 
buy in of all teams invloved, our main objective is to incorporate the needed 
changes into Kennecott’s everyday workflow to improve the quality of our 
data, the quality of the Ore Control, and the overall quality of the final product 
produced across the entire Value Stream.

Implementation of Stockpile Blockmodeling
C. Koch; Geology, Kennecott Utah Copper LLC, Magna, UT
One of the largest mines in North America is lacking on material tracking of 
stockpiles. Ore tons are shipped to stockpiles every single day, and without 
the use of modeling there are limitations to tracking material movement and 
grades. Stockpile modeling is the process of building a block model of our 
million-ton ore stockpiles. Compared to the current tracker in use now, mod-
eling will eliminate guessing, improve rehandling, ore blending and tracking 
of deleterious elements. By implementing this process, we will be able to 
eliminate ton and grade approximations and allow for better rehandle of ma-
terial. This current distrustful rehandling system can slow down production 
and mill rates. In this talk we will explore the practical uses of stockpile 
modeling and how we can model complex stockpiles to achieve a better 
understanding of the material within. I will highlight the benefits of stockpile 
modeling and prove how the implementation of this process will offer sim-
plicity and an enhanced understanding of the material. Join to learn about 
the transition to stockpile block modeling and the positive effect this practice 
will have on our understanding of million-ton stockpiles.

Block Extraction Using a Laubscher Model in a Production 
Polygon Applied to Large-Scale Open Pit Operations
Y. Mamani2 and V. Tenorio¹; 1Mining and Geological Engineering, University 
of Arizona, Tucson, AZ and ²Ingeniería de Minas, Universidad Nacional de 
San Agustin de Arequipa, Arequipa, Arequipa, Peru
The development of this research work is generated using diverse scenarios 
for the differentiation of the in situ ore grades, for specific production poly-
gons in search of the cut-off grade. For this purpose, a volumetric model is 
created to determine the blend which occurs during the production stage, 
with the added effects of dilution, in order to obtain an optimized sequencing 
for an Open Pit.

Ore Control, Like Onions, Have Layers!... And Might Make 
You Cry
A. Davis; Technical Services, Maptek, Golden, CO
The spectrum of ore control across the world, a country, a state, and even 
a deposit can be as extensive and contrasting as the onions of the Amaryl-
lidaceae Family. As we peel back the layers, you’ll find that some systems 
are pleasant, sweet, and instantly rewarding while others are so spicy and 
intense, requiring a box of tissues while you sit at your desk and seriously 
contemplate your life choices. Ore control requires a unique state of mind, 
an open mind, and in some cases a preserving mind. This session will take 
a quick glance at some of the variations and considerations of ore control 
the author has encountered, encouraging the audience to ask questions of 
themselves and their processes in chopping, slicing, dicing, or mincing their 
ore control onion.

Ore Control: Maintenance and Portability of Geologic 
Interpretations with Emphasis on Automation to 
Streamline Process
C. Trachte; Exploration, Freeport-McMoRan Inc, Phoenix, AZ
Maintenance and daily updates of a common set of ore control geologic 
interpretations at Freeport’s North American open pit porphyry copper op-
erations allow for proactive material characterization and integrated support 
of long-range geology interpretation. Supporting this effort are automated 
solutions that streamline ore control workflows and ensure consistency and 
quality between geologic updates. Ore control geologic interpretations are 
executed as digital polygons in plan. In-house tools include a file manage-
ment script that coordinates interpretation updates between geologists, a 
polygon check utility that identifies potential geometric errors, and a blast-
hole coding application that associates data points with enclosing polygons.

WEDNESDAY, MARCH 1
MORNING

MINING & EXPLORATION: INNOVATION & 
TECHNOLOGY: AUTOMATION IN THE MINING 
VALUE-CHAIN II
9:00 AM 
Chair: D. Ali, Missouri University of Science and Technology, Portland, OR

Introductions

Technology Decision Making: A Simplified Approach of 
Technology Selection for the Mining Industry
O. Dayo-Olupona¹, B. Genc¹, S. Bada² and T. Celik³; 1School of Mining 
Engineering, University of the Witwatersrand Johannesburg, Johannesburg, 
Gauteng, South Africa; ²School of Chemical Engineering, University of 
the Witwatersrand Johannesburg, Johannesburg, Gauteng, South Africa 
and 3School of Electrical Engineering, University of the Witwatersrand 
Johannesburg Faculty of Engineering and the Built Environment, 
Johannesburg, Gauteng, South Africa
As digitization and automation becomes priority across the mining industry. 
Several technology options exist to cater to different needs across the whole 
operational value chain of a mining company. This choice overload situation 
leaves decision makers helpless and decision paralysed. Hence, there is a 
need for a structured way to making technology selection decisions. This 
study proposes a simplified scientific approach to selecting the most pre-
ferred technology option for a specific need in an operation using the AHP 
multi criteria decision making methodology technique. This methodology 
was specifically employed because of its versatility and historic successful 
use within other areas of the mining industry.

Evaluation of Models for Interaction Probability in 
Autonomous Monitor and Control Environments
R. Bissonette and S. Sbai; Automation and Technology, National Institute for 
Occupational Safety and Health, Washington, DC
A critical component of implementing autonomous control and/or monitoring 
systems is realistic, human-like perception of the operational environment. 
This means that any such system would need to gather robust and accu-
rate data about its environment, evaluate what objects of interest exit in 
that environment (with relevant data about identity, trajectory, characteristics, 
etc.), project a future continuum of those objects (including considerations 
for variabilities), and make control choices to minimize risk cost due to expo-
sures in the present operational area. The components of such system are 
a) sensors and fusion b) probability projection of future states of objects and 
the environment, c) generation of alternate futures and d) determination of 
best action to reduce risk cost. The system needs to take data with different 
time stamps with variability parameters and create probability clouds into 
the near future, evaluate how those clouds interact and identify areas of risk. 
This paper focuses on using information from the sensor fusion engine to 
generate a continuous projection of future state incorporating the factors of 
confidence, accuracy, tolerance, and other variabilities.
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Methodology & Technology in the Mining Sector’s Digital 
Transformation and DSS Implementation
R. Tamir; Seekers Strategy, Boynton Beach, FL
This paper will describe the benefits of utilizing the decision support system, 
DSS to support the methodology of structured decision-making in the mining 
environment. It will outline the layers of the mining related decision making 
– a. Creation of “one truth” situational awareness utilizing existing planning, 
ERP and other agents, b. Expressing plan verse performance across min-
ing phases and functions compared with the actual and trends to evaluate 
performance. c. Creating alternate courses of action and the implications 
up and downstream. It will review the current condition where although a 
multitude of technologies resolve multi variable issues they do not interact 
in a way that assists decision makers throughout the organization in making 
high-quality decisions that will push the overall performance envelope. The 
paper will show the benefits of integrating military methodologies to resolve 
multi variable complexed issues (operational, financial and other), operating 
in changing environments in order to meet time sensitive objectives with 
restricted resources by creating a shared SA, creating COA, and a plan. The 
paper will discuss the implementation and suggest a path.

Utilizing Technology to Improve Mine Asset Health 
Management
L. Nkule; RISST, Caterpillar Inc, Peoria, IL
Equipment management can be complex and challenging. Mine sites are 
interested in preventing failures that lead to lost productivity and costly ma-
chine repairs, improving equipment reliability, reducing unplanned downtime, 
and reducing their overall operating expenses. While trying to achieve these 
goals, they are faced with many barriers with respects to their equipment 
KPIs, their maintenance skill level, and the planning and scheduling of main-
tenance & repair activities on site. This is where Condition Monitoring steps 
in to evaluate equipment and application data inputs i.e. electronic data, fluid 
analysis results, inspection results, equipment history and site analysis in 
order to provide maintenance, component replacement, application and re-
pair recommendations. This paper will explore the case study of a mine site 
that improved equipment availability and reliability by leveraging Condition 
Monitoring resources and techniques.

New Technologies for Blasting Projects
G. Franklyne¹ and J. Malki²; 1Engineering, Carleton University, Ottawa, ON, 
Canada and ²Engineering, McGill University Faculty of Science, Montreal, 
QC, Canada
Blasting processes are often used in a variety of industries, such as min-
ing, quarrying, road building, tunnelling and dam design. At present, min-
ing industry development is characterized by the desire to use new tools 
(hardware and software) and automation processes, thus allowing the en-
gineering team to work effectively, efficiently and safely - while ensuring 
operational profitability. One way to integrate new innovations into the mining 
and quarrying industries, involves the use of blast pattern design and post 
drilling quality control checks. The Carlson Boretrak2 gyro system is one of 
the modern devices that is used to survey the path of the drilled boreholes 
(by determining their inclination and heading along the hole). Additionally, 
the blast design tools which are made available in CarlsonOPS can be used 
to improve the blasts with better rock fragmentation, lowering the risk of fly 
rock - and keeping the operational costs within target. Combining these new 
technologies and advanced tools allows engineers and blasters to have ad-
ditional control and predictability when executing drill and blast endeavours. 
This in turn adds great value in the mining and the quarrying sectors.

The Landscape, Challenges, and Opportunties for 
Developing Autonomous Haulage Systems for Small Trucks
S. Dessureault; The Mosaic Company, Tampa, FL
Contemporary surface haulage automation has seen successful deploy-
ments, particularly at surface mines using large fleets and fixed-bodied haul-
ers with capacities of 240 tons and above. These systems typically require 
in-pit technicians, ample command and control infrastructure, and signifi-
cant sophistication around communications and fleet management systems. 
A plethora of new start-ups and other manufacturers, focused on simpler 
solutions, particularly for smaller vehicles, that are simpler to set-up, main-
tain, and lower cost. The Global Mining Guidelines (GMG) has undertaken an 

effort to explore the challenges and opportunities specific to small-size haul 
trucks and a landscape of research underway.

Data Driven Decision Making Through Industrial Digital 
Transformation
B. Fitch; IT, Barr Engineering Co, Minneapolis, MN
Enabling data driven decision making that spans mining operations from 
mine-to-port is a complex and potentially overwhelming undertaking. It re-
quires the right people, technologies, and data architecture to be success-
ful. This session is for anyone working towards improving operations and 
decision making through digital transformation, including IT professionals, 
executives, engineers, and operations professionals. We will walk through 
how Barr Engineering has approached our own digital transformation journey 
and will show multiple examples of how we have helped our mining clients 
through various stages of their own journeys. We will discuss how Barr is 
working to develop the skillsets, culture, expertise, and architecture to enable 
data driven decision making, the business drivers behind our investment, 
and the learnings and challenges we have experienced along the way.

WEDNESDAY, MARCH 1
MORNING

MINING & EXPLORATION: INNOVATION & 
TECHNOLOGY: DIGITAL TWINS INTEGRATING THE 
MINING INDUSTRY
9:00 AM 
Chairs: L. Larota Machacca, South Dakota School of Mines and 
Technology 
M. Montenegro Perez, Lima, Peru

Introductions

Digital Twin’s Application in Mining Industry
M. Ghahramanieisalou and J. Sattarvand; Mining and Metallurgical 
Engineering, University of Nevada Reno, Reno, NV
As new technologies are being introduced to the mining industry, the chal-
lenges related to their safe assimilation and the potential changes they bring 
to mining techniques, necessitate adjustments to the current operations. 
Predictive simulations are very important to understand the unforeseen sce-
narios and shift the costly changes from the operational stage to the design. 
Digital Twin methodology has gained a lot of attention in recent years and 
many industries from manufacturing to engineering and even social sciences 
are adopting this approach to have a better understanding of the complex 
systems they are dealing with. By considering the huge expenses and risks 
related to a pilot project, DT could replace that by acting as a prototype in 
which realistic tests and simulations is carried out with close to zero cost. 
DT includes a data hub, simulation and analysis tools, and visualization plat-
forms to enable appropriate designs and monitoring plans with a focus on 
unknown areas. A few examples of DT’s application in mining includes fleet 
management, Mine-to-Mill optimization (especially D&B), geotechnical dig-
ital twin (gDT), etc.

Empowering the Mining Dispatcher of the Future
N. Sáez Muñoz, E. Reyes Maldini and J. González Aravena; Data Science, 
Octodots Analytics, Santiago, Chile
Mining dispatching is the individual role with the greatest impact on the op-
erational performance of a mining company, overseeing the coordination and 
deciding the actions taken by hundreds of operators in high-value equip-
ment. They are the brains of the mining operation. The substantial number of 
variables and dynamism of the mining operation complexifies real-time de-
cisions that the dispatcher must make to achieve the objectives of the shift. 
Set truck circuits, select destinations, choose the best time for scheduled 
equipment stops, etc. CoPilot is a discrete event stochastic simulation tool 
that supports dispatcher decision making. Delivers a prediction of the oper-
ational result of the shift in real time, allows to simulate different operational 
scenarios and delivers, by using evolutionary algorithms, automatic recom-
mendations to the dispatcher on actions that improve the result of the shift.
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Short Interval Control (SIC) of Mining Plan Compliance 
Using a Digital Twin Tool in Real Time: Case Study at an 
Open Pit Mine, Northern Chile
F. García Miranda¹, J. Canales2, R. Castellon³ and H. Painevilo4; 1Mining 
Engineering School, Universidad Nacional de la Libertad, Trujillo, Trujillo, 
Peru; 2Civil and Materials Engineering School, Universidad de Chile, 
Santiago de Chile, Santiago, Chile; 3Mining Engineering School, Pontificia 
Universidad Catolica de Chile, Santiago, Región Metropolitana, Chile and 
4Mining Engineering School, Universidad de Chile, Santiago de Chile, 
Región Metropolitana, Chile
In large-scale open pit mining, a major challenge in making high quality 
short-term decisions, is brought by not having real-time awareness of the 
mine plan’s progress. This study presents the use of Short Interval Control 
(SIC), applied to plan compliance in a large Open Pit mine in Northern Chile. 
The mine used a new technology, called “TIMining Aware”, to create a digital 
twin of the mine and mining operations. The operations team could then 
monitor plan compliance in real time. They were able to apply SIC and reduce 
deviations from the plan, leading to higher operational performance.

Using Digital Twins and AI to Enable Rapid Slope and Wall 
Assessments
R. Sahu; Strayos, Saint Louis, MO
Mines capture a lot of data from remote sensing systems and drone survey-
ing but struggle to integrate effectively in practical use cases such as rapid 
geotechnical assessments on a daily basis. In this paper, we propose how 
geospatial digital twin data generated from drone surveying can be used to 
apply machine learning and assess the condition of slope and wall which 
can be further compared to design and actual data to analyze the slope 
stability factor.

Mining in the Metaverse
M. Poulton, M. Peltier and M. Baker; Desert Saber LLC, Tucson, AZ
The concept of the metaverse is often mischaracterized as a VR experience. 
The metaverse is a multidimensional, interoperable network of virtual envi-
ronments experienced synchronously and persistently by many users with 
an individual sense of presence. A large-scale metaverse platform will be 
presented which supports training and operations experiences using interop-
erable, highly scalable, virtual worlds, essentially digital mirrors, that can be 
streamed or downloaded to any device from smart phones to computers 
to VR/AR headsets. This implementation of mining simulation and training 
provides efficient, effective training across organizations, adapted to each 
worker, that shortens time to mastery, improves operational efficiency, and 
provides detailed data on workforce competency.

Los Bronces Mine Digital Twin
A. Reyes; SME, Santiago, Region Metropolitana, Chile
The purpose of Anglo American is clear: re-imagining mining to improve peo-
ple’s lives. Aligned with this, Los Bronces, as part of Anglo American’s Cop-
per Business Unit, is taking the latest technologies to be part of this purpose 
and to ensure that people’s safety comes first, no matter what. Los Bronces 
Digital Twin is one of most powerful tools that we currently have in IROC, with 
the ability to manage the mine, in real time, over 60 km away. This tool works 
as an integration of the different mine processes and equipment’s, giving to 
the IROC people (and to all the organisation) the possibility to know real-time 
measures of the Spatial Compliance, Load and Haul process and about the 
Plan Compliance with the purpose of respond correctly to these measures, 
as part of our Analyse and Improve process defined by our Operating Mod-
el. This integration involves people of all the value chain, generating a col-
laborative environment where the work of each person allows to meet the 
maximum potential of the platform, which are in constantly improve with the 
co-development of new features, prioritising the most important things for 
the business, but also, for the people.

Application of Virtual Reality in the Mining Industry – 
Where are we Now?
N. Akbulut and A. Anani; Mining and Geological Engineering, The University 
of Arizona, Tucson, AZ
Virtual Reality (VR) is an advancing technology that is used in many domains, 
from training to immersive analytics. However, its application in the mining 

industry is limited with no known systematic framework. We present a critical 
review of (1) VR research and developed technologies in mining, and (2) 
current areas of application and their limitations. We employ a web scraping 
approach for information extraction in our review, set forth current concepts 
and elements for adequate implementation of VR, and recommend futuristic 
solutions for the mining industry. This review attempts to clarify VR concepts 
and elements and contribute to the literature of the mining industry.

The Application of Digital Twin Orebody Learning Models 
to Increase the Accuracy of Mine Planning Input Variables
P. Stewart and Z. Pokrajcic; Head Office Brisbane, Petra Data Science Pty 
Ltd, Brisbane, QLD, Australia
This paper demonstrates how machine learning and data fusion ore tracking 
connects hundreds of millions of tonnes of downstream performance data 
to produce digital twin models that continuously learn from mine operational 
performance data (orebody learning). In contrast to 3D geological modelling 
from limited drillholes and laboratory tests, orebody knowledge acquired 
through digital twin orebody learning fuses tens to hundreds of millions of 
tonnes of ore data to characterise the orebody as it is mined. A series if five 
case studies from across the mine value chain demonstrate how digital twin 
models continuously learn from operational data (orebody learning). Specifi-
cally, digital twin orebody learning software applies machine learning to add 
new block model variables for dig-rate, crusher and mill throughput, recovery 
(tailings grade), lump yield, product grade and product quality, fines yield and 
fines in lump. Block-by-block predictions are added to the geological re-
source and grade control block models as new block model variables. These 
new block model variables are used across all mine planning time horizons 
from strategic mine planning to daily schedules.

WEDNESDAY, MARCH 1
MORNING

MINING & EXPLORATION: INNOVATION & 
TECHNOLOGY: DRONE APPLICATION: THE 
FUTURE AND BEYOND

9:00 AM
Chair: C. Gilbert, Caterpillar Inc., Tucson, AZ

Introductions

Drone Innovations Including Swarm Drones, AI/ML for 
Mining & Exploration - Current and Future
M. Darling; Darling Geomatics, Tucson, AZ
Richard Darling, RLS and FAA licensed drone pilot will discuss large scale 
topographic surveys for mines and linear projects with fixed wing VTOL 
drones, ground control and post processing of data to assure it is repeatable, 
measurable and in the correct coordinate systems for your needs. Mary Dar-
ling, FAA licensed drone pilot will discuss heavy lift drones for hyperspectral 
and LiDAR mapping including a discussion about spectral libraries; swarm 
drones, AI/ML and real time data; plus reveal a revolutionary patented rota-
tional anisotropic material with tunable dielectric responses that eliminates 
thermal distortion, making miniaturization of drones, sensors and batteries 
possible. Swarm drone geosensor white paper available upon request.
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Drone Data An Eye from The Sky that Will Help to Improve 
the Mine Planning
C. Calderon Arteaga and K. Anim; Engineering, Golden Queen Mining, 
Mojave, CA
The Soledad Mountain mine is an Open pit Heap-Leach gold mine, located 
in Mojave, CA, operated by Golden Queen Company LLC. As part of a new 
blasting contract, the mine got a drone so we could try, envisioning to start 
monitoring the fragmentation with respect to explosive densities and pattern 
sizes. Having a drone was never in the objectives of the mine planning team, 
but as it was a new tool, we started looking into possible outcomes of using 
the drone data to help on improving the mine plans. So far, we have found 
that besides the regular surveying, we can also use it for monitoring our 
pit walls, checking the haulage roads, ore stockpile volume updates, quality 
control of the drilling process as well as the intended usage of monitoring 
the fragmentation. As the learning curve settled down, we have found some 
challenges in the process of using the data, and with a better understanding 
of the collected information, drone data has provided us with very useful 
results for mine planning. The objective of this document is to provide an 
insight in regards to implementing drone data usage for mine planning pur-
poses, and to talk about the challenges and results of our case.

Mineral Chemistry Mapping of White Mica, Chlorite, and 
Tourmaline for Mineral Exploration Using Hyperspectral 
Imagery Collected from an Unmanned Aerial System at 
A.M. Breccia of the Giant Copper Porphyry Deposit, British 
Columbia
D. Riley; Echo Labs, Whistler, BC, Canada
This study demonstrates operational collection of high spatial/high spectral 
resolution UAS Hyperspectral Imagery (HSI) provides mineralogical informa-
tion for mineral exploration. Over 1 sq. km of HSI data was collected at the 
Giant Copper Porphyry Deposit in southern British Columbia. Operational 
conditions for collecting 493 bands of VNIR-SWIR (410 – 2500 nm) HSI data 
with an average spectral resolution of 5 nm, ground sample distance (GSD) 
of 10 cm, orthophotogrammetry with 3 cm GSD, and digital surface model 
(DSM) at 0.5 m GSD. White mica, chlorite, and tourmaline mineral maps and 
mineral chemistry maps were produced to improve the geological and min-
eralogical understanding of A.M. Breccia. White mica, and chlorite chemistry 
are commonly used as mineral vectors in copper porphyry deposits. Cu is 
spatially associated with tourmaline within the A.M. Breccia and is a com-
mon alteration mineral. Tourmaline chemistry was examined as a potential 
mineral vector within the deposit and applicability to other copper porphyry 
deposits with tourmaline associations. HSI data identified a previously un-
known abundant tourmaline occurrence west of the A.M. Breccia.

Using Drones and AI for Automated Geometric 
Reconciliation and Pit Analysis
R. Sahu; Strayos, Saint Louis, MO
The geometric reconciliation of mining development is the quantification of 
the differences between the real state of its slopes, banks, berms, among 
others; and its original design. This is critical to meeting safety, production 
and operating cost targets. In this paper we propose technological solution 
using drone data and AI models that fully automates the geometric recon-
ciliation and pit analysis using 3D surrvey data. This allows the geometric 
reconciliation and topographic survey of different production scenarios, au-
tomatically, quickly and with reliable results.

Drone-Based Applications for Tailings Dam Monitoring
J. Gomez and J. Sattarvand; Mining and Metallurgical Engineering, 
University of Nevada Reno, Reno, NV
Tailings dam failures have been occurring in recent years. They are con-
sidered more vulnerable than hydraulic dams due to the lack of regulations 
on specific design criteria, and stability requirements regarding monitoring 
during the construction and maintenance. Thus, monitoring the dam is es-
sential to know its existing state and ensure its safety. One of the reasons 
tailings storage facilities fail is slope instability caused by moisture content. 
A relationship does exist between moisture content and surface strength, 
early detection of seepage would help to assess the physical condition of the 
dam. Moreover, to cover the tailings dam area efficiently, Unmanned Aerial 
Vehicles (UAVs) are suitable because of their versatility and high-resolution 
data acquisition. Mounted with a high-resolution RGB camera, thermal, or 
hyperspectral sensors UAVs can acquire good quality images that combined 
with image analysis and machine learning algorithms yield a good estimate 
of soil moisture

An Automated VR Environment Builder for Safety Training 
and Teleoperation using Drone Data
A. Kamran Pishhesari; Mining Engineering, University of Nevada Reno, 
Reno, NV
Work efficiency in teleoperation systems is less than in real opera-
tions due to a lack of visual information. Researchers and compa-
nies have developed methods to display rich visual information by 
adding multiple-monitor systems. However, providing excess visual  
information can cause “cognitive tunneling” in operators, making operators 
subconsciously attend to a limited view and ignore others. The fully im-
mersive VR platform can be an appropriate replacement for teleoperation, 
switching from 2D monitors to a 3D environment. Creating a realistic and ac-
curate model of the mining environment for VR applications is a challenging 
problem. This procedure can be done manually by photogrammetry software 
or by GIS data (heightmap and texture) obtained from Google Earth, which is 
inaccurate, non-updated, and unavailable for underground mines. This study 
introduces an automated process to create a 3D model of an environment 
appropriate for VR application development.

Increasing Safety on Mining Sites by Implementing Drone 
Technology
R. San Miguel; University of New South Wales, Sydney, NSW, Australia
In 2021, annual fatalities in the mining sector increased 27.6% from 
2020. Mining workers face injury-inducing obstacles every day on 
worksites. Companies are turning to drone technology to ensure work-
er safety by identifying, flagging, and correcting safety hazards before 
injury occurs. The more people moving around a worksite, the more like-
ly an accident is to occur. Using remote photogrammetry allows site 
managers to share progress and real-time images digitally using high- 
accuracy 3D site maps, contributing to a safer, more cost-efficient, and pro-
ductive worksite.
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WEDNESDAY, MARCH 1
MORNING

MINING & EXPLORATION: OPERATIONS: SAFETY 
CONSIDERATIONS IN MINE PLANNING AND MINE 
OPERATIONS
9:00 AM
Chairs: J. Fang, Applied Particle Technology, St. Louis, MO 
B. Nojabaei, Virginia Polytechnic Institute and State University, 
Blacksburg, VA

Introductions

Arc Flash in Mining, Relationship Between MSHA and NFPA 
70E
U. Arvayo; Energy and Mining, Burns & McDonnell, Kansas City, MO
Arc Flash is becoming a growing concern in the mining industry, standards 
and regulations have evolved to protect employees from dangers of arc flash 
as detailed in NFPA 70E. Many of which have been adopted by OSHA and is 
quickly becoming a termed industry standard. OSHA recognizes NFPA 70E 
however OSHA does not have jurisdiction in the mining industry, electrical 
safety for mining is covered under CFR Title 30, Part 56/57 Subpart K. MSHA 
is responsible for enforcing electrical safety for mining operations, with no 
reference to protect electrical workers against arc flash hazards. Now MSHA 
is looking at OSHA in some cases to fill in these details as stipulated in the 
Mine Act, and since OSHA recognizes and enforces employee protection 
from the dangers of arc flash, NFPA 70E is quickly becoming part of the 
mining industry. How will this affect the mining industry, how can it prepare 
and the NFPA 70E details how to comply? This presentation will dive into the 
background and solutions on how to stay compliant with regulation, to inform 
its miners about the hazard risk categories, and appropriate PPE to protect 
the qualified worker while minimizing down time and costs.

Conveyor Belts: Fire Hazards and Protection Solutions for 
the Mining Industry
J. Nelson; Factory Mutual Insurance Co, Johnston, RI
Conveyors are used extensively to transport ore and concentrate in the min-
ing industry. While conveyor fires occur every year, several recent high-profile 
fire events have heightened awareness of the risks from loss of a conveyor. 
This session will present the fire hazards of conveyors, recent loss examples, 
FM Global full scale fire testing of belts with and without fire protection, and 
protection solutions derived from these tests. Videos of the full scale fire test-
ing will be shown as part of the presentation to explain how the protection 
works. The fire test series examined the effects of sprinkler spacing, type of 
sprinkler system, and incline of the conveyor. The session will also cover how 
the results could potentially impact fire protection guidance and regulations 
for conveyors. Having an adequate fire protection system in place can mini-
mize the loss sustained during a fire event and maintain business continuity.

Incorporating Ventilation and Heat in Short-term 
Underground Mine Production Scheduling
J. Ayaburi, A. Swift, N. Parham, A. Newman and G. Bogin; Mechanical, 
Colorado School of Mines, Golden, CO
The accumulation of heat in underground mines not only disrupts the sched-
ule but also affects the health and safety of mine workers. We develop a 
large-scale production scheduling model that minimizes deviation between 
i) medium- and short-term schedules and ii) production goals. Constraints 
include precedence, resource consumption and heat limits. We correspond-
ingly present novel techniques to improve model tractability. The model pro-
duces a schedule consistent with the medium-term schedule while ensuring 
the safety of the work environment.

Assessing Heat Production from Battery Electric Vehicles 
in Mining Applications
A. Swift, J. Ayaburi, G. Bogin and A. Newman; Colorado School of Mines, 
Golden, CO
Battery electric vehicles (BEVs) are becoming more common in mining ap-
plications. One of their benefits in an underground mining setting is the ab-

sence of diesel emissions and the reduction of heat. This research compares 
the heat produced by BEVs relative to diesel vehicles in executing mining 
activities under various ambient temperatures. The results inform heat con-
straints in a production scheduling optimization model.

Wireless Coexistence: Concepts and Implications in the 
Mining Industry
R. Jacksha, C. Sunderman and R. Bissonette; Spokane, WA, CDC NIOSH, 
Spokane, WA
The ability of wireless systems to function satisfactorily (coexist) in the pres-
ence of other wireless systems is critical to the safety and health of mine 
workers. The failure of wireless systems to coexist could result in the delay, 
corruption, or outright loss, of critical data, voice, or video information. How-
ever, no mining sector specific regulations, standards, or guidelines exist to 
ensure the safe coexistence of wireless systems. This presentation introduc-
es the concept of wireless coexistence, implications in the mining industry, 
and NIOSH’s research approach to develop guidelines and recommendations 
to ensure safe wireless coexistence.

The Potential of Expansive Cement for Rock Breakage in 
Underground Mining
T. Chen and H. Mitri; McGill University, Montreal, QC, Canada
Rock fragmentation in underground mining is normally done with blasting, 
which is associated with rigorous safety and environmental constraints. In 
this work, the potential of expansive cement (EC) as an alternative to explo-
sives energy for breakage of rock under confinement is explored using nu-
merical modelling and large-scale laboratory experiments. The EC drill hole 
pattern is optimized using particle flow code simulation. Large-scale tests 
carried out on high strength concrete panels subjected to biaxial loading 
to mimic the stress condition of a mining front show promising results. The 
findings could set the stage for future applications of EC for subsurface hard 
rock excavations such as shafts, drifts, and raises.

WEDNESDAY, MARCH 1
MORNING

MINING & EXPLORATION/ AIPG: PURE GEOLOGY: 
DISCOVERIES FROM GEOLOGIC EXPLORATION 
PROGRAMS
9:00 AM
Chairs: D. Garcia, WSP Golder, Tucson, AZ 
D. Wolfe, NACCO Natural REsources, Plano, TX

Introductions

Gold Exploration Near the FAD Shaft, Ruby Hill District, 
Eureka, Nevada
M. Rhoades; Consultant, Tucson, AZ
Oxidized massive sulfides were first discovered in 1864 in the Ruby Hill area 
outside of Eureka, Nevada. Although the polymetallic deposit proved to be 
very high-grade, the metallurgical processes to refine the ore had not yet 
been developed and nearly ten years went by before the processes were 
developed for ore refinement. The ore proved to be of such a high-grade 
and so extensive that several smelters were built in Eureka to process the 
ore at the bottom of the hill. The massive sulfide deposit at Ruby Hill devel-
oped in the late 1800s and early 1900s was originally near-surface. It is 
a classic carbonate replacement deposit (CRD). In these types of deposits, 
there is a molecule-by-molecule replacement of the host dolomite or lime-
stone by altering fluids circulating in the system. These types of deposits are 
well-known to lack large alteration halos or mineral assemblages that allow 
explorationist to ‘vector-in’ to the deposit. Famous examples of this type of 
deposit include Leadville, Colorado, Gillman, Colorado, and Bingham, Utah. 
The primary base metals are lead and zinc with copper, as well as precious 
metals silver and gold
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History and Drill Results from Reidel Resources’ Kingman 
Gold-Silver-Zinc-Lead Project, Mohave County, AZ
W. Feyerabend; Geology, University of Southern California, Los Angeles, CA
Drill intersections from Riedel Resources’ Kingman, AZ Project include 3.8m 
at 98.9g/t gold and 151g/t silver from 20.6m, 3.8m @ 18.1 g/t Au and 201 
g/t Ag from 85.3m and 1.5m @ 17.6 g/t Au and 17 g/t Ag from 26.7m. The 
mineralization to date is open ended and there are several additional targets 
within the large land position. Individual skills within a small group of profes-
sionals were key factors in the project advancement. Underground mining 
experience expanded the possibilities beyond the typical million ounce open 
pit mind set. District scale epithermal vein exploration experience and ap-
proaching evaluation of the historic mining center from the big picture down 
rather than simply judging individual prospects were key to understanding 
the geologic potential. Mine development experience, patience, negotiating 
skills, local engagement and investor contacts completed the skill sets.

Vectoring Orogenic Gold Through Arsenic Soil Chemistry
R. Schulz; Big Rock Exploration, Minneapolis, MN
Discoveries of district scale, clearly exposed mineral deposits are becoming 
increasingly rare. In response, exploration is ever more frequently focused 
on targets under cover. Pathfinder elements, identified by analyzing soil 
chemistry, is an approach proven to assist peering through overburden to 
help identify covered mineral exploration targets. Modern instruments, such 
as the pXRF spectrometer, have proven cost-effective and efficient ways to 
produce prospective mineral exploration targets. This process typically in-
volves a soil sampling program using GIS for sample layout, sample capture, 
data analysis, and final interpretation of results. A case study is presented 
focusing on how arsenic can be a direct vector for gold-bearing structures in 
orogenic lode gold deposits.

Leveraging Technology to Scale Your Exploration Project 
into Production
J. Anderson¹ and C. Kurtz2; 1Maptek Group, Glenside, SA, Australia and 
²Tintic Consolidated Metals, Eureka, UT
Exploration projects are a critical part of the mining life cycle. Often explora-
tion projects are focused on developing resources and searching for invest-
ment opportunities. The shift from exploration to production is often met with 
scaling challenges of different scope from exploration activities. This change 
of scope can shift the priority of data collection and use. Exploration data can 
be discredited or disregarded if the data is collected in non-digital formats 
and unable to be used in technology solutions. Yet, any scientific data col-
lected during exploration is often invaluable for scaling and understanding 
the deposit for production purposes. The proper use of data collection tools 
and databases, as well as maintaining a strict and digital chain of custody 
will help to avoid many issues. These issues ultimately emerge in valida-
tion drilling and sampling, which will increase costs, take the focus away 
from improving and developing the project, and can be amplified by projects 
changing management or owners. However, by maintaining a clear focus 
on the use of technology, exploration projects can successfully scale into 
production and help create the mines of tomorrow.

Smart Exploration for Natural Graphite Deposits
S. Shin and J. Park; Mineral Exploration and Mining Research  
Center, Korea Institute of Geoscience and Mineral Resources, Daejeon, 
Korea (the Republic of)
Graphite is one of the most essential materials for the production of lithi-
um-ion batteries as anodes. The global graphite demand is expected to in-
crease gradually due to the growth of the battery industry driven by carbon 
neutrality. A reliable supply chain of the essential materials is required by ex-
ploration and mining projects to stabilize the battery industry. Because large 
battery manufacturers are in South Korea, the supply chain issue will be-
come significantly important for industrial security. Although natural graphite 
had been mined until 2011, all graphite mines in South Korea were stopped 
now. To redevelop the mines, an accurate resource assessment should be 
conducted by precise mineral exploration. Recent smart technology (ma-
chine learning, drone, and IoT) is useful to improve exploration accuracy. We 
will introduce the applied smart technology for natural graphite exploration.

Review of Rare Earth Elements in the United States
S. Torabi; Energy and Mineral Engineering, The Pennsylvania State 
University - University Park Campus, University Park, PA
In the current era, the rare earth elements are realized to be critical for mod-
ern industries predominantly electronics, magnet, telecommunication, aero-
space, defense technology, and green energy. REEs are referred to the group 
of seventeen metal elements that are consist of Scandium, Yttrium, and the 
entire Lanthanide group. The REE minerals global reserves are estimated 
120 million metric tons in 2020 of which the U.S. reserves 1.5 million metric 
tons (1.3% of the entire global). In the U.S. REEs deposits are spread west 
through southwest and northwest region. Mountain Pass mine in California 
is producing the highest quantity of REE minerals in the U.S. REE naturally 
occurred throughout a variety of minerals as monazite, bastnaesite and xe-
notime as primary sources, and in coal-based resources and recycling tech-
nologies as secondary sources. Various exploration techniques are deployed 
to search for REE potential deposits. For secondary sources, adequate ex-
ploration is made to estimate the amount of REE in them. Feasibility studies 
are then conducted based on technoeconomic parameters to conclude if the 
potential deposit is economic to be run into a REE production source.

Characterization and Origin of the REE-bearing Magmatic-
hydrothermal breccia pipes in the Gallinas Mountains, 
Lincoln County, New Mexico
S. Cherotich and V. McLemore; Minerals Engineering, New Mexico Institute 
of Mining and Technology, Socorro, NM
Breccia pipes are vertical pipe-like columns of rocks that provide conduits for 
fluid flow and open spaces for mineral precipitation hence are focus area for 
exploration. In Gallinas Mountains, Lincoln County, NM, there is a recorded 
production of Cu, Pb, Ag, F, Fe, REE (as bastnäsite), and Au from 1902 to 
1980, but no production reported from the breccia pipes. Previous studies 
described the occurrence of REE in breccia pipes, but their transportation 
and deposition controls are still unclear. The aim of this research is to char-
acterize the magmatic-hydrothermal breccia pipes in order to understand 
the geochemical and physical conditions of deposition of REE and gold in 
the breccia pipes found in the Gallinas Mountains. There are more than 20 
exposed breccia pipes that form a NE-trending belt about 3–5 kilometers, 
mostly gray-brown and consist of angular- subrounded rock fragments, 
some host high concentrations of F-REE(28,000 ppm TREE) and Au(120 
ppb). Preliminary studies suggest they are magmatic and intruded into the 
host rock and, subsequently, hydrothermal fluids precipitated F-REE and Au 
along the edges of some breccia pipes. More studies are underway to test 
this hypothesis.
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Introductions

Recycling of Active Materials Within Lithium-Ion Batteries 
Using Froth Flotation Methods.
R. Zhan, T. Folayan and L. Pan; Chemical Enigneering, Michigan 
Technological University, Houghton, MI
Recycling of secondary nickel/cobalt resources, such as end-of-life Li-ion 
batteries, enables a resilient supply of critical minerals for battery-use ap-
plications. Separation and concentration of electrode active materials from 
spent Lithium-ion batteries (LIBs) is to lower the operational cost of down-
stream refining processes. In this study, separation of different components 
from spent Li-ion batteries have been investigated in details with froth flo-
tation technology. Results showed that with many components from Li-ion 
batteries can have detrimental impacts on the separation of anode and cath-
ode active materials from Li-ion batteries. The presence of polyvinylidene 
fluoride (PVDF) binder changes the chemistry of cathode materials, resulting 
in a deteriorated separation performance. Removal of PVDF binders by the 
thermal pyrolysis process improves the separation performance between the 
two electrode active materials. The effect of other components on the anode/
cathode separation will be discussed as well.

Direct Recycling of Mixed Cathode Active Materials Using 
Froth Flotation Process.
T. Folayan¹, J. Durham², A. Lipson² and L. Pan¹; 1Chemical Engineering, 
Michigan Technological University College of Engineering, Houghton, MI and 
2Argonne National Laboratory Materials Science Division, Lemont, IL
Direct Li-ion battery recycling involves separating battery cathode active ma-
terials in the solid phase while preserving their electrochemical performance. 
To reuse the recycled cathode active materials in new batteries, it is nec-
essary to separate individual cathode compositions, which would typically 
occur prior to the rejuvenation and compositional reformulation processes. 
In this study, a froth flotation process has been developed to separate two 
individual cathode active materials namely, lithium nickel-manganese-cobalt 
oxide (NMC111) and lithium manganese oxide (LMO). We have successfully 
demonstrated that multiple stages of the froth flotation process resulted in 
a satisfactory separation with 95% grade or above of NMC111 in the froth 
product and 95% grade of LMO in the tailing product. The electrochemical 
test results showed that the flotation chemical had negligible impact on the 
electrochemical performance of the processed NMC111 and LMO powders 
at the optimum conditions. Separation of other mixtures of battery materials 
will also be discussed in this talk. This work demonstrates an effective and 
low-cost separation method for direct recycling mixed cathode compositions.

Combined Froth Flotation and Gravity Concentration as an 
Effective Processing Route for Plastics Separation
A. Baigabelov², A. Das¹ and C. Young¹; ¹Metallurgical & Materials 
Engineering, Montana Technological University, Butte, MT and 2Metallurgical 
& Materials Engineering, SRK Kazakhstan, Almaty, ALM, Kazakhstan
A combination of flotation and elutriation was successfully used to separate 
six common plastics: high density polyethylene (HDPE), polyvinyl chloride 
(PVC), polymethyl methacrylate (PMMA), polycarbonate (PC), polystyrene 
(PS), and acrylonitrile butadiene styrene (ABS). High contact angles for all 
plastics indicated they were strongly hydrophobic. Depressants such as 
tannic acid and potassium permanganate were therefore used. When sepa-
ration by flotation was not possible, elutriation was conducted using a cross-
flow separator. The resulting flowsheet yielded plastics with recoveries and 
purities greater than approximately 85% in single stage operations. Because 
the six plastics were color-coded, the measurements were determined using 
a unique image analysis system.

Unravelling Complexities in Flotation Separation of 
Fluorapatite from Carbonate and Siliceous Gangues –  
A Multiscale Investigation
A. Eskanlou and B. Arnold; Energy and Mineral Engineering, The 
Pennsylvania State University, University Park, PA
Coexistence with carbonate and siliceous gangue minerals poses serious 
challenges to the selective flotation of apatite. We developed an original 
multiscale approach involving flotation experiments and density functional 
theory simulations. We investigated the adsorption of fatty acid collector and 
citric acid as well as sodium silicate depressants onto apatite, dolomite, and 
quartz surfaces in the aqueous phase during the flotation. Electronic charge 
transfers between the molecules and mineral surfaces as well as the min-
erals surface charge densities were also investigated. Our findings on the 
flotation of apatite at an atomic level should pave the way for improving the 
process selectivity.

Investigating the Influence of Experimental Process 
Parameters during Froth Flotation on the Recovery of 
Niobium – Pentoxide from Columbite Ore using Machine 
Learning Algorithms.
A. Ajibona; Mining Engineering, Federal University of Technology Akure 
School of Engineering and Engineering Technology, Akure, Ondo, Nigeria
There has been a rapid increase in the demand for critical new economy 
minerals that are suitable in meeting the exigent demands on renewable 
energy technologies. However, concentrating these minerals economically 
can be very challenging, either as a result of the complexity or low grade of 
the ore. Froth flotation has been found to be one of the most widely used 
technique for metals recovery from uneconomic mineral resources. Thus, 
to achieve maximum concentration (metal grade and recovery) from these 
minerals during froth flotation, there is a dire need for critical examination 
of process recovery input. In this study, an attempt was made to investigate 
the influence of froth flotation process parameters such as froth chemis-
try, froth physics, feed characteristics and equipment specifications on the 
recovery of niobium-pentoxide from columbite ore using machine learning 
(ML) algorithms. Three standalone ML models were employed, among which 
the Artificial Neural Network gave the best predictive ability as measured by 
the root mean squared error, mean absolute error and coefficient of cor-
relation performance metrics. Keywords: froth flotation; machine learning; 
niobium-pentoxide
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Introductions

Liberation and Physical Separation of Base and Precious 
Group Metals from Waste Printed Circuit Boards
J. Alves, M. Rezaee and S. Pisupati; Energy and Mineral Engineering (EME), 
The Pennsylvania State University, University Park, PA
Waste printed circuit boards (WPCBs) encompasses about 3% of nearly 
50Mt annual global e-waste generation. Waste PCBs contain metallic and 
non-metallic components, glass fibers, connecting wires and plastics, and 
hazardous and toxic materials, with serious and hazardous environmental 
and health effects. Metals make up 30% of WPCBs. The significant base 
metals (Cu, Al) and precious group metals (Au, Ag, Pd) content in WPCBs, 
which is higher than those of primary resources, makes recycling of these 
waste materials economically attractive. However, liberation of the metals 
from each other and other components of WPCBs is challenging. This re-
search focused on effective liberation followed by physical separation of base 
and precious group metals. The results obtained from the study was utilized 
to develop a preliminary flowsheet for recycling these metals from WPCBs. 
The experimental data along with the process flowsheet are presented.

Vacuum Disc Filters go Beyond
J. Hahn; Sales, BOKELA GmbH, Karlsruhe, Germany
Modern high-performance disc filters such as the BoVac Disc Filter have set new 
standards in applications where large capacities of solids, liquids and air have to 
be managed through the filters. These disc filters have an enormous hydraulic ca-
pacity. For applications in mineral processing – with a special focus on tailings –  
which typically have high solids throughputs but low filtrate and air flows, 
this capacity can be used to expand the filtration area while maintaining the 
benefits of very good cake discharge even with thin cakes (4-5 mm) and a 
high filter speed. Research work in the last century proved that to increase 
the filter area, the disc diameter should be increased. Adding more discs, on 
the other hand, creates big problems with cake discharge. However, as the 
disc diameter increases, the filter segments become longer and heavier. A 
suitable compromise was therefore found by doing both. The result is the 
first vacuum disc filter that offers significantly more than 300 m2 of filtration 
area, but has no more than 6 discs. How this compares with existing disc 
filters will be discussed and outlined in the paper.

Amenability of Banded Iron Formation to Fines Gravity 
Processing
C. Da Corte; Minerals Processing, Mintek Inc, Randburg, South Africa
Banded Iron Formations (BIF) are sedimentary rock formations ranging in 
age from 1.6 to 3.8 billion years and consist of alternating layers of silica 
and iron. The thickness of the alternating layers varies between and within 
deposits, with this lithology forming approximately two thirds of South Afri-
ca’s future low-grade hematite resources. The production costs for South 
African iron ore producers are approximately double that of the largest iron 
ore producers namely, Brazil and Australia. This in conjunction with volatile 
commodity prices, necessitated a cost sensitive beneficiation strategy for 
low-grade hematite to sustain the industry and extend life of mine. A BIF 
sample grading at 45% Fe and comprising predominantly of hematite and 
quartz with minor amounts of magnetite and goethite was subjected to three 
fines gravity processing routes to establish the amenability of this sample to 
beneficiation. To provide flexibility for iron ore producers who still have high 
grade resources available, two product grades were considered namely a 
60% Fe product for further blending or a 63% Fe product for direct sales.

Extraction Of Copper From Waste Computer Printed Circuit 
Boards Through Novel Organic Acids
R. Yalmaz; Mining, University of Engineering and Technology, Lahore, Pakistan
Waste printed circuit boards (WPCBS) contain different base metals and pre-
cious metals. The recycling of them is critical to avoid environmental pollution 
and to rescue resources. The recycling processes which extract copper from 
WPCBS are mainly pyrometallurgy, hydrometallurgy, and bio-metallurgical. 
The pyrometallurgy includes the incineration of WPCBS which consumes 
high energy and limits the economic benefit and also releases harmful gas-
es. WPCBS contain metal that has 20% copper and the extraction of copper 
is very expensive. Copper is lost in waste form and it also effects the environ-
ment. These WPCBS are currently recycled through mineral acids, which are 
toxic and corrosive. Copper will be recovered from WPCBS using sorbic and 
humic acids. To the best of our knowledge, neither of these acids has ever 
been used for metal extraction. Recovery of copper from WPCBS is important 
for maximising its economic value while also avoiding environmental con-
tamination. We will extract copper for the benefit of our industry. Due to its 
excellent electrical and thermal conductivity, copper is frequently employed 
in electronic industries as a main linking material.

Removal of Quartz and Talc Impurities from Molybdenum 
Concentrates using BASF’s DP-OMC-1178 and -1672 
reagents Edgar Blanco, Ammal Campa, Luciano Bertinelli, 
BASF Flotation - North America
E. Blanco; BASF SE, Ludwigshafen, Rheinland-Pfalz, Germany
About 99% of metallic Mo comes from MoS2. Some final Mo concentrates 
from North America report as much as 3% quartz and 15% pyrophyllite talc, 
which lowers their salability because these impurities dilute the desired Mo 
grade on Mo concentrates. The Density Functional Theory method allows 
us to understand the mechanism by which talc and MoS2 fail to float dif-
ferentially, instead resulting in grades of 32-40%Mo being reported in final 
concentrates. This occurs because both MoS2 and talc are layered min-
erals and exhibit similar surface wettability and, in consequence, talc and 
Mo have comparably hydrophobic behavior. This challenge in differentially 
floating talc and Mo has been addressed by the BASF reagents which break 
this tendency of talc and Mo to co-float. Current test work by BASF has now 
achieved grades of as much as 50%Mo in final concentrate, by depressing 
talc. BASF has tested both DP-OMC-1178 and DP-OMC-1672 onsite, at 
bench-scale, upon ores of various mines throughout North America. These 
reagents are being successfully used by BASF for the removal of quartz from 
Mo concentrate, with DP-OMC-1672 also being used for removing talc from 
Mo concentrate.

Applying Sensor-Based Sorting to Small Particles: 
Challenges and Progress
H. Cline, J. Rutledge, I. Hartwig and S. Juergensen; TOMRA Sorting,  
Lakewood, CO
Sensor-based sorting (SBS) has traditionally operated in the domain of 
coarse particle sizes from 20 mm to 250mm (3/4” to 10”). There are several 
physical separation technologies operating in the mm particle size range us-
ing electrostatic, magnetic, gravity, hydrodynamic and mechanical screening 
properties. The ability to use SBS in this size range would also allow separa-
tions based on optical, LASER, and x-ray attenuation properties. Responding 
to demand in the marketplace, engineering has been progressing to deal 
with challenges in materials handling, small particle behavior on mechanical 
platforms, sensor resolution, ejection principles and image processing of an 
enormous number of particles. This presentation will outline developments in 
small particle sorting and will present successful implementations and case 
histories for quartz applications. Sorting smaller particles of quartz provides 
value to producers, as it allows them to use more of their available material 
to make marketable products.
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Introductions

Tails Reprocessing Project at Golden Sunlight Mine
k. murphy; Barrick Gold Corporation, Whitehall, MT
Golden Sunlight Mine (GSM) closed the cyanide leaching gold mine in 2019 
with two tailings impoundments and a permanent water treatment agree-
ment with the State of Montana. The permanent water treatment agreement 
was due to the amount of sulfur in the tailings that is acid generating and the 
tailings facility 1 (TSF1) is on an unlined impoundment, consistent with the 
rules and regulations in the early 1980’s. The high sulfide tailings material 
was found to be amenable to flotation, creating a high pyrite concentrate. 
In addition to removing a liability, this pyrite concentrate could be provided 
to the Nevada Gold Mines (NGM) roasters for economic fuel, and effectively 
remove the sulfur from the TSF1. Construction began in November 2021 and 
the plant was expected to be delivering concentrate by the end of February. 
Unfortunately, things don’t always go to plan. This presentation will discuss 
the lessons learned and the path taken to make Golden Sunlight back into 
an operating plant.

Optimizing the Hydrodynamics within a Pressure Oxidation 
Autoclave Utilizing Experimental Methods
R. Kehn and J. Giacomelli; Mixing Technology / R&D, SPX FLOW Mixing 
Solutions, Rochester, NY
Within the minerals processing industry, pressure oxidation is used to pre-
pare various ores for downstream treatment, most notably gold refractory 
ores. This process has been carried out in horizontal vessels called auto-
claves for decades. Each vessel is operated at high temperature (200-220 
C) and pressure (3000 to 3500 kPa), with multiple zones each agitated by 
a top entry agitator or mixer. Impeller size, location off bottom and operating 
speed effect its ability to disperse the gas while also keeping solids in sus-
pension. In addition, anti-swirl wall baffle design has evolved over the years, 
with more modern designs allowing for the impeller to swirl the tank less and 
lead to a more efficient flow pattern and dissipation of energy / turbulence 
in the slurry. Experimental models can be very useful at demonstrating the 
effectiveness of a mixer design at achieving both gas dispersion and uniform 
slurry suspension. This paper will explore the effect of impeller geometry, 
location, and interactions with wall baffles and interstage walls on both gas 
dispersion and solids suspension mixing performance, with best practices 
for design being suggested.

The Considerations, Costs, and Opportunities of Low 
Carbon, Small Footprint Mine Design for Twin Metals
G. Barr; None, Ely, MN
The Twin Metals Minnesota project is a proposed underground mine that will 
combine renewable energy, a battery electric fleet, paste backfill, and filtered 
drystack tailings to produce a small footprint, zero discharge, low carbon 
mine producing 100 million pounds of copper, 22.5 million pounds of nickel, 
640 thousand pounds of cobalt, and 90 thousand ounces of Pt+Pd+Au per 
year. This presentation will discuss the various trade-off studies that were 
completed as part of the project design process, with a focus on the key de-
cisions that ultimately reduced project Scope 1 and 2 GHG intensity by over 
95% and would position TMM as one of the lowest carbon intensity copper 
and nickel producers in the industry. This presentation will also provide a 
summary of the testwork that has been completed to investigate tailings 
carbon sequestration.

Optimization of Mineral Processing Circuits through 
Orthogonal Experimental Design Methodology
W. Xie; Chemical Engineering, University of Minnesota Duluth, University of 
Minnesota Duluth, Duluth, MN, US, academic, Duluth, MN
Due to lack of systematic approach to optimize mineral process circuits, 
many of them could not achieve their full potential. In this paper, an optimi-
zation technique based on the orthogonal experimental design methodology 
has been developed to systematically improve and reach the optimal target 
with multiple factors and multiple levels simultaneously. A case study of a 
circuit to optimize operational conditions will be demonstrated to maximize 
the flotation concentrate tonnage with constraints of the flotation tailing wa-
ter tonnage and meanwhile consider the energy usages on SAG mill and ball 
mills. It achieves the optimal target with significant simulation time saving.

First Operational Reference for Metso Outotec Flow 
Bottom, Results and Experiences
T. Hirsi; Hydrometallurgy, Metso Outotec Oyj, Helsinki, Uusimaa, Finland
Good mixing is an important factor in gold cyanide leaching as the reaction 
kinetics are often controlled by mass transfer. In order for the leaching to 
proceed effectively complete solids suspension is required. With Metso Out-
otec FlowBottom agitation is optimized to achieve this solids suspension with 
lowered power consumption compared to traditional agitation. In reference 
site processing of high-grade gold concentrate resulted in recurring solids 
settling in the leaching tanks at the customer site. Inadequate suspension 
of solids lead to more difficult adjustment of the slurry density downtime of 
the tanks increased considerably. An improved agitation solution was tested 
and tailored for the leaching tanks, which consisted of dual OKTOP®3300 
impellers, FlowBottom element, and a SandSense probe for agitation optimi-
zation. After the upgrade with Flowbottom, the tanks have not experienced 
downtime due to solids settling and utilization of their full effective volume 
has meant that the capacity of the tanks has increased up to 15%. In this 
work we will explain the functionality of flow bottom, achieved benefits and 
estimate what kind of benefits it provides in CIL process.

Choosing Metallurgical Samplers or Extractors When or 
why to avoid the Increment Delimitation Error in Slurry 
Process Control
R. Novaes; Sampling, Preparation, & Analysis, FLSmidth and Co A/S, Belo 
Horizonte, Minas Gerais, Brazil
Despite “sample collecting” being an ancient activity, and many books and 
papers being published with the purpose of “educating” the sampling com-
munity, the Theory of Sampling - TOS (developed by Pierre Gy) offers the 
best methodology to avoid errors. There is a belief that liquids are com-
pletely homogenous; as if every liquid has the same behavior as water, but 
it is not true, especially when we talk about mining slurries. Slurries may 
seem homogenous, looking from the top of a flotation cell or discharging in 
a thickener, but any fluid flowing in a pipe develops a specific velocity profile 
which is dependent on the rheology, pipe wall, etc. Other important variables 
to consider in the make-up of mineral suspension include the concentration 
gradients across the flow profile and specific gravity of the particles. This 
work evaluates the types of slurry samplers or extractors (static cutters) to 
answer the question: “What equipment do I really need?” The answer to 
this question will help the project owner make the correct decision for plant 
sampling – including long-term viability.
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Enhancing the Mineral Flotation Performance by Process 
Water Treatment
V. Agarwal; Metso Outotec Oyj, Helsinki, Uusimaa, Finland
Water treatment in mining focuses mainly on conditioning raw water for pro-
cess water supply or on effluent treatment to discharge excess water to the 
environment. With the increase in reuse and recirculation of water, driven in 
part by water scarcity and in part by environmental commitments, there is 
a natural accumulation of dissolved solids content in the process water due 
to increased contact with the ore, and these additional dissolved solids can 
eventually influence process performance. The aim of this study is to under-
stand the effect of the additional dissolved solids on process performance, 
mostly on recovery of minerals by flotation, and on how to prevent or reduce 
the effect of dissolved solids on flotation recovery and on other parts of the 
mineral processing plants. Preliminary results show water quality or type has 
a significant impact on floatation process performance.

WEDNESDAY, MARCH 1
MORNING

MPD PATRICK TAYLOR HONORARY SYMPOSIUM: 
CHEMICAL PROCESSING: HYDROMETALLURGICAL 
INNOVATION IN COPPER EXTRACTION
9:00 AM
Chairs: T. Robinson
A. Nawab, University of Kentucky, Lexington, KY

Introductions

Performance Evaluation of Modified Biopolymers as Acid 
Suppressants in Copper Electrowinning
M. Ribeiro, P. So and P. Wong; Mining, W-Tech Technologies Ltd, Delta, BC, 
Canada
Sulfuric acid mist is released during the electrowinning of copper. Among 
several techniques applied to suppress acid mist formation, fluoroalkyl based 
products have been the most chemistry type used worldwide. In this paper, 
modified biopolymers were tested as alternative surfactants to reduce acid 
mist in copper electrowinning. Two products, VanMist NCB and VanMist LB, 
were tested in laboratory to determine the effects on acid mist suppression 
and current efficiency. Both products lead to over 90% reduction of sulfuric 
acid mist with no significant impact on current efficiency. Therefore; both The 
two products were recommended for further testing were recommended to 
further testing at pilot plant and industrial scale.

Copper Concentrate Roasting and Leaching  
(A Re-Imagined Replacement for Smelting)
T. McNulty; T. P. McNulty and Associates, Inc., Tucson, AZ
During the 1950s, operators in the African Copper Belt developed sulfation 
roasting of chalcocite concentrates as an alternative to smelting. Copper ex-
tractions of 95% were achieved by leaching. During the last 30 years, various 
investigators have tried to apply this approach to chalcopyrite concentrates, 
but copper exractions have been low due to formation of the insoluble cop-
per ferrite, CuFe2O3. Oz Minerals operates a copper mine and chalcopyrite/
bornite concentrator at Carrapateena, South Australia. Seeking alternatives 
to overseas smelting, Oz offered a challenge called “Ingenious Extraction”. 
Out of about 240 respondents, Oz selected sulfation roasting and 7 other 
technologies. The object of the proposed study was to identify and validate 
roasting parameters, making a calcine that could be leached, and the solu-
tion treated by SX/EW, to yield cathode copper and coproducts at recoveries 
competitive with smelting & refining. Thermodynamic modeling revealed that 
optimum conditions were 650-680°C and an air-to-concentrate mass ratio 
of 18. Preliminary tests led to continuous fluidized bed roasting. Leaching of 
the calcine with dilute sulfuric acid dissolved 96-98% of the copper.

Examining the Interaction Between Nodulation and 
Additives During Copper Electrodeposition
J. Bauer and M. Moats; Missouri University of Science and Technology, 
Rolla, MO
Nodulation during copper electrowinning and electrorefining can lead to low-
er quality cathode and decreased current efficiency. Organic additives are 
commonly employed to reduce nodulation and produce smooth, dense de-
posits. The interaction between current density, agitation conditions, additive 
type, and additive concentration, were examined using the rotating cylinder 
Hull cell. Additives that were examined were guar, Hydrostar 10, DXG-F7, 
N-900 polyacrylamide, glue, and thiourea. The performance of the different 
additives to produce smooth deposits are compared. Increasing the additive 
concentration generally increased the upper current density limit before nod-
ulation was observed, except for glue at high concentrations.

Mining Green Solutions: Use of a Sophorolipid 
Biosurfactant on a Copper Leaching Process
R. Rodrigues Silva1, S. McDonald², G. Knesel1 and J. Rogers1; ¹Locus 
Mining Solution, The Woodlands, TX and 2SGS, Burnaby, BC, Canada
The clean energy transition requires massive amounts of minerals and met-
als with demand quickly exceeding supply. This paper brings the first results 
obtained by a biotech company in mining using carbon-neutral, 100% re-
newable-sourced, biosurfactant additives that boost mineral extraction from 
low-grade ores. Our initial lab studies on copper show that our ESG-friendly 
biosurfactant additives enable better extraction and higher recoveries: bio-
surfactant addition (in sulfuric acid and ferric ferrous solutions) increased 
total copper recoveries up to 6.96%. However, considering only insoluble 
copper, recoveries increased from 4.92% (in the base line) to 9.39%, a re-
covery increase of 90% in insoluble copper (25 and 60°C).

In Situ Mining of Copper: The Florence Copper Project
T. McNulty; T. P. McNulty and Associates, Inc., Tucson, AZ
The Florence, AZ, copper deposit is a large porphyry system with a thick and 
intensely fractured groundwater-saturated oxidized zone. These features, 
along with pre-mineral fracturing and isolation from shallow aquifers by thick 
clay layers, created an ideal in situ recovery (“ISR”) candidate. Evaluations 
by previous owners had ruled out underground mining (too much water) and 
open-pit mining (too deep). ISR offered lower capital costs, elimination of 
waste dumps and tailings, minimum visual impact, and reductions in water 
and energy consumptions and emissions of CO2 and diesel exhaust. A lab-
oratory program designed to mimic lateral lixiviant flow was begun in 2011 
and completed in 2018. Companion studies included modeling of copper ex-
traction kinetics, hydrology, and rinsing variables. This paper briefly summa-
rizes laboratory results and model predictions, then describes the Production 
Test Facility (“PTF”), a single full-size well pattern with monitoring wells and 
an SX/EW circuit. The PTF confirmed hydraulic control and developed op-
erating strategies, while producing about 2,500 pounds of cathode daily. A 
commercial project with 81 mm lb/year cathode capacity is being designed.
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WEDNESDAY, MARCH 1
MORNING

SME YOUNG LEADERS: FE,PE, AND  
OTHER PROFESSIONAL QUALIFICATIONS  
(INVITATION ONLY)
9:00 AM
Chairs: H. Patel, University of Nevada Reno, Reno, NV 
T. Boundy, Kiewit Infrastructure Engineers, Arvada, CO

Introductions

Facing a Depleted and Inexperienced Workforce
g. stewart; Safety & Engineering, West Virginia University, Morgantown, WV
JH Fletcher Inc “Facing a Depleted and Inexperienced Workforce” Inexperi-
ence…..Choosing the right person……Taking the next step…..Cost asso-
ciated Discussion on how to meet the challenges of developing an effective 
workforce Along with the current 2022 challenges, equipment availability 
has always been a key component in building a sustainable business. Fletch-
er Services Inc. is a partner to its customers in developing a customized 
training platform that will build a safe, efficient, & productive workforce.

WEDNESDAY, MARCH 1
MORNING

TAILINGS: KEYS STAKEHOLDER ENGAGEMENT IN 
TAILINGS MANAGEMENT
9:00 AM
Chairs: R. Rimelman
K. Kruger, Freeport-McMoRan Inc, Phoenix, AZ

Introductions

TSAR – Tailings Area of Social Risk: The Social Side of 
Tailings Management: Trust and Collaboration
M. Ospina; O Trade, North York, ON, Canada
Tailings management is a high risk for mining operations. In 2020, the Glob-
al Industry Standard on Tailings Management (GISTM) defined standards to 
mitigate safety, social and economic risks of tailings dam failures. GISTM 
elements focus on people at risk, including human rights and transparen-
cy; social engagement has been recognized as critical to successful tailings 
management. This presentation introduces the Tailings Area of Social Risk 
(TASR) as a strategic engagement-planning and decision-making solution 
that assists in determining the scope of potential areas and impacts from 
potential dam failures. Benefits of TASR include: - identification of the po-
tential geographic areas and risks to communities that could be subjected 
to impacts of tailings failures clear acceptance and application of the duty 
to inform and open dialogue with communities in risk areas - identification 
of holistic emergency preparedness and response requirements within the 
areas of impact, enabling rapid response if - required, and more compre-
hensive planning for livelihood restoration - transparent public disclosure 
of tailings information, which is key to building trust and joint accountability

Impact of Hydrologic Events Utilized in Tailings Dam 
Breach Analysis
S. Melberg and M. Walden; Mining Design & Technical Services, NewFields 
Companies LLC, Lone Tree, CO
ABSTRACT: Numerical modeling of a dam breach failure has become a 
regulatory requirement in many areas world-wide. Dam breach analysis 
involves the evaluation of flood induced failures which typically utilize the 
design storm event of the structure being analyzed. The design storm is 
distributed over downstream catchments to assess natural flood levels that 
could occur at the time of the breach. The impact of the flood generated 
by the storm is compared against the impact of the flood generated by the 
dam failure occurring in conjunction with the storm event to determine the 
incremental impact of the breach. This paper investigates how the use of 

different storm events can impact the results of the dam breach analysis 
and suggests methodologies for addressing the potential variance in results.

Experiences in Engaging with Communities and 
Stakeholders on high Risk Topics
J. Shandro; Independent Health and Safety/Risk Management Consultant, 
Parksville, BC, Canada
This presentation will share multi-sectoral engagement experience as it re-
lates to projects holding high-risk components with a focus on ingredients 
for success.

Communicating Tailings and Mining Risks at the Donlin 
Gold Project in Western Alaska
K. Woolston; External Affairs, Donlin Gold LLC, Anchorage, AK
Communicating around tailings associated risk in an understandable way 
can be challenging. This is the case in Yukon-Kuskokwim region of Alaska 
where the Donlin Gold project would be developed. The project’s tailings 
facility would hold up to 568 million tons of tailings behind a 471 feet high 
dam. The facility underwent a federal permitting process, and the State has 
a rigorous dam safety program. However, some Alaska Natives of the region 
continue to have concerns about a possible catastrophic dam failure. Oppo-
sition groups fuel concerns citing tailings failures in other parts of the world. 
Our Community Relations Team (CRT), comprised of Alaska Natives, works 
closely with the broader project team to effectively communicate about tail-
ings risks and management plans. Communication is tailored to the peoples 
and communities of the area, including describing complex technical and 
environmental issues in transparent ways. Several CRT members are bilin-
gual, speaking the local indigenous language. We also facilitate interactive 
dialogue where residents, tribal members and community organizations can 
share meaningful input that is incorporated into the project plan.

Stakeholder Management in a Changing World
A. Dionne; Corporate Affairs, BHP Group Ltd, Melbourne, VIC, Australia
The world has changed and is continuing to change, and more and more is 
being expected of corporations. Mining companies are not immune to this. 
We face a wide range of expectations from a diverse range of stakeholders. 
The industry must find ways to be better partners to our host communities 
and better collaborators with our indigenous communities. So how do we do 
that? Is it ever enough? Does the size of the operational footprint matter? 
How do we handle all of this and still run operations? It is widely known that 
stakeholder engagement should be both early and often, but it should also 
be completely transparent. This presentation will outline BHP’s approach to 
stakeholder engagement. Whether it is an active operation, a closed site, or 
a tailings facility we approach stakeholder management with the same vigor. 
This approach drives toward optimised outcomes for our sites by balancing 
our values, obligations, safety, costs, and the external stakeholder engage-
ment including delivering on shareholder value.

Stakeholder Engagement in Tailings Management
R. Rimelman; Environment, Health, Safety & Sustainability, NovaGold, Salt 
Lake City, UT
The panel consists of senior mining industry leaders and consultants with 
broad experience communicating tailing risks to local stakeholders. We will 
discuss perceptions of tailing management, including how stakeholders get 
reliable information. The panel will also talk about effective methods and 
media that can be used to disseminate information to the public and build 
and maintain trust. This will include how to best present complex engineering 
and environmental information to non-technical audiences. Finally, we will 
discuss the ongoing development of international initiatives and standards 
that govern how mining companies need to openly disclose tailings practices 
and risks and ensure meaningful dialogue with and input from stakeholders.



    |   TECHNICAL PROGRAM   88

TECHNICAL SESSIONS

WEDNESDAY, MARCH 1
AFTERNOON

AUTONOMOUS MINING: CREATING A 
SUSTAINABLE FUTURE
2:00 PM
Chair: H. Ednie, Global Mining Guidelines Group

Introductions

Autonomous Mining: Creating a Sustainable Future
H. Ednie; Global Mining Guidelines Group, Montreal, QC, Canada
The mining industry is increasingly embracing automation as a safety and 
productivity enabler and as a critical factor in creating a sustainable future 
of mining. For these reasons, automation is a key part of many mining com-
panies’ digital transformation roadmaps alongside advances in artificial in-
telligence, system integration, remote operations, and the Internet of Things. 
While autonomous mining is innovating the mining industry, it also introduc-
es new challenges. This session will look at the challenges and opportunities 
autonomous mining presents, and share good practices to take back to your 
operation.

WEDNESDAY, MARCH 1
AFTERNOON

COAL & ENERGY: COAL OR RARE EARTH AND 
CRITICAL MINERALS BASINAL ASSESSMENTS
2:00 PM 
Chairs: R. Bishop, Virginia Polytechnic Institute and State University, 
Blacksburg, VA 
A. Wendt, US Department of Energy, Washington, DC, DC

Introductions

Overview of the Department of Energy’s Carbon Ore, Rare 
Earth – Critical Mineral (CORE-CM) Initiative
A. Wendt, S. Rice, M. Alvin, E. Granite and G. Bromhal; US Department of 
Energy, Washington, DC
The Office of Fossil Energy and Carbon Management has been support-
ing research to strengthen America’s critical minerals (CM) supply chains 
through the diversification of supply from unconventional and secondary 
sources since 2014. In support of this directive and to understand the full 
resource potential of these sources, FECM launched the CORE-CM Initiative 
in Fall 2021. The Initiative will catalyze economic growth by integrating and 
leveraging each region’s attributes by forming coalitions, and will address the 
up and mid-stream CM supply chain and the downstream manufacturing of 
high value, nonfuel, carbon-based products to improve the understanding 
of domestic CM resource potential and accelerate the formation of REE/
CM domestic supply chains. The effort will culminate in the development of 
public-private Technology Innovation Centers that will provide regional plat-
forms to develop and validate CORE-CM technologies. Currently in Phase 1, 
the coalitions are working on initial assessments of resources, waste-based 
feedstocks, infrastructure, and technology gaps. Coalitions are collaborating 
to develop best practices for characterization, infrastructure (re)use, and ESG 
concerns.

Consortium to Assess Northen Appalachia Resource Yield 
(Canary) of Core-CM for Advanced Materials
B. Arnold; The Pennsylvania State University, University Park, PA
CANARY CORE-CM is assessing and cataloging carbon ore (CO), rare earth 
element (RE) and critical mineral (CM) resources and waste streams in the 
Northern Appalachian Basin. These include coal and metal mine wastes as 
well as slags and coal and graphite resources. The CANARY CORE-CM team 
is developing strategies to recover CORE-CM from these streams, assessing 
supply chain gaps, formulating plans to establish Technology Innovation Cen-
ters, and developing stakeholder outreach and engagement in educational 
activities. This paper provides an overview of the resources identified to date 

and provides an initial review of environmental justice and economic devel-
opment criteria.

Optimization of Double Sulfuric Acid Baking and Water 
Leaching for Lithium and Rare Earth Element Extraction 
from Clay
J. Gill, M. Rezaee, B. Arnold and S. Pisupati; Energy and Mineral 
Engineering, The Pennsylvania State University, University Park, PA
The demand for Lithium (Li) and Rare Earth Elements (REEs) is rapidly grow-
ing owing to their high-tech applications such as electric vehicles, energy 
storage, and green energy production. The US is heavily reliant on foreign 
sources of these elements. Therefore, is it crucial to extract these elements 
from all viable sources. Pennsylvania Mercer Clay has mined for the refracto-
ry industry in the USA and has also been investigated as a source of alumina 
and lithium. In this study, a sample of Pennsylvania Mercer Clay was col-
lected and characterized. X-Ray Diffraction (XRD) data showed that kaolinite 
and muscovite were major minerals. The elemental analysis by Inductively 
Coupled Plasma – Mass Spectroscopy (ICP-MS) showed that the sample 
contained a Li concentration of 1250 ppm and a Total REE concentration 
of about 500 ppm. A double sulfuric acid baking-water leaching process 
was studied and optimized for the extraction of Al, Li, and REEs from this 
sample. At optimum process conditions, >90% Li and >88% of total REEs 
were recovered.

REE in Coal and Associated Strata in the San Juan and 
Raton Basins, New Mexico
M. Badonie¹, V. McLemore³, J. Newcomer² and D. Shaver¹; 1Mineral 
Engineering, New Mexico Institute of Mining and Technology, Socorro, 
NM; ²Earth Science: Geochemistry, New Mexico Institute of Mining and 
Technology, Socorro, NM and 3Mineral Resources, New Mexico Bureau of 
Geology & Mineral Resources, Socorro, NM
Rare earth elements and critical minerals have recently become a great eco-
nomic interest because of new technologies and geopolitical unrest affecting 
supply of resources. The San Juan and Raton basins in New Mexico are 
two structural coal basins that contain elevated concentrations of rare earth 
elements and critical minerals. These two New Mexican coal basins will be 
assessed geochemically and petrographically to identify possible vectors of 
mineral enrichment. Coalbeds, coal seams, overlying, and underlying rock 
units will be sampled and characterized to determine any economic viability. 
Historic data will be collected and compiled into a new comprehensive coal 
geochemical database. This database will grow with new analyses, serve as 
the dataset for this project and will be made available to the public.

Extraction of Rare Earth Elements from Coal-based Clays
W. Liu¹, O. Onel¹, X. Feng², M. Council-Troche³, R. Rousan4, J. Morris4, 
G. Yee4, A. Noble¹ and R. Yoon1; 1Department of Mining and Minerals 
Engineering, Virginia Polytechnic Institute and State University, Blacksburg, 
VA; 2Department of Chemistry & Biochemistry Surface Analysis Facility, 
Newark, DE; 3Virginia-Maryland College of Veterinary Medicine, Blacksburg, 
VA and 4Department of chemistry, Blacksburg, VA
Bryan et al. (2015) suggested that the majority of the rare earth elements 
(REE) in U.S. coals are partitioned to kaolinite, which prompted studies to 
extract them by an ion-exchange leaching process using (NH4)2SO4 as a 
lixiviant. However, the extraction efficiencies were found to be poor as com-
pared to those reported for the ion-adsorption clays (IACs) mined in South 
China. A series of spectroscopic (XPS) and microscopic (TEM and SEM) 
analyses conducted on the synthetic IAC samples prepared in the presence 
of possible passivating agents suggest pathways to efficiently extract REEs 
from coal byproducts.
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Investigating the Rare Earth and Critical Mineral Potential 
of Central Appalachia
R. Bishop; Mining Engineering, Virginia Polytechnic Institute and State 
University, Blacksburg, VA
The Evolve Central Appalachia (Evolve CAPP) project team is investigating the 
rare earth and critical mineral resource potential of the Central Appalachian 
basin located in Virginia, West Virginia, Kentucky and Tennessee. Through 
a coalition of leading academic institutions, industry, research laboratories, 
expert consultants, and federal and state government agencies, the team is 
identifying opportunities in the region to supply the green and digital econ-
omy with responsibly sourced and sustainable critical minerals production 
and to spur downstream value-added industries that will stimulate economic 
growth in the CAPP region.

A Two-Step Acid Bake and Water Leach Process for 
Improved Separation of Scandium and REEs from Allanite 
Concentrates
H. Jammulamadaka, S. Pisupati and M. Rezaee; Energy and Mineral 
Engineering, The Pennsylvania State University, University Park, PA
Allanite is an epidote group mineral known to be rich in REE and Sc. Penn 
State and LLNL have partnered to develop an effective leaching process to 
recover Sc at a leaching efficiency of >70% in a solution with an REE con-
centration of over 3,000 ppm from an allanite concentrate and Fe removal 
of >99%. This solution would be leached using biological ligands. Fe needs 
to be removed because it reduces the efficiency of the ligands. This article 
focuses on developing the leaching process. Fe removal will be covered in a 
subsequent article. Allanite sourced from the surface rocks from Arizona was 
preconcentrated using magnetic separation followed by flotation. This con-
centrate was processed utilizing a two-step H2SO4 baking - water leaching 
to create and expose a greater surface area within the samples to H2SO4 
and improve the recovery of Sc and REEs in the leachate while using the 
same amount of H2SO4 as a one-step process. Baking was performed at 
250C for 2h and leaching at 75C for 2h in DI water. The pH of the filtered 
leachate was raised using a 2M Na2CO3 solution. Over 86% of the REEs 
and 73% of Sc were recovered, a 20% improvement over the one-step acid 
bake - water leach process.

Rare Earth Elements and Critical Minerals - From Natural 
Resources to Supply Chains
M. Alvin; NETL, Pittsburgh, PA
Production of rare earth elements and other critically needed minerals from 
conventional and unconventional, as well as secondary resources has been 
a primary interest at the Department of Energy, which is now moving forward 
to support design, construction and operation of a first-of-a-kind, domestic, 
rare earth element demonstration-scale facility under the 2021 Bipartisan 
Infrastructure Law. In this presentation, we will reflect upon the activities that 
have brought us to this pivotal point in separations technology development 
for unconventional resource materials, address integration of advanced op-
erating circuits to further enhance process economic feasibility, and identify 
supply chain opportunities that have the potential to benefit from recovery of 
critical materials in this near-future production facility.

WEDNESDAY, MARCH 1
AFTERNOON

COAL & ENERGY: SUBSURFACE ROCK, GAS 
AND FLUID INTERACTIONS, PRODUCTION AND 
SEQUESTRATION
2:00 PM
Chairs: R. Pandey, Barrick Gold Corporation, Elko, NV 
L. Fan, University of Alaska Fairbanks

Introductions

Longwall-Induced Deformations and Shale Gas Well 
Casing Stresses-Ground Control Principles and Guidelines
W. Su; Ground Control Branch, National Institute for Occupational Safety 
and Health, Pittsburgh, PA
This paper presents the geo-mechanical data acquisition and interpretation, 
and ground control guidelines derived from the ongoing NIOSH (National In-
stitute for Occupational Safety and Health) gas well stability research. Results 
from the field instrumentation programs, which include surface, subsurface 
and underground instrumentation, and the parallel 3-dimensional numeri-
cal modeling programs indicate that under shallow and medium covers, the 
measured horizontal displacements within the abutment pillar are one order 
of magnitude higher than those measured under deep cover. Longwall-in-
duced horizontal displacements occur along weak-to-strong rock interfaces; 
the sharper the bending stiffness contrast across the interfaces, the larger 
the longwall-induced horizontal displacements. Surface topographic relief 
may shift longwall-induced horizontal displacements close to the surface. 
Subsurface strata dip may magnify or reduce longwall-induced horizontal 
displacements. Uncemented production casings serve to uncouple long-
wall-induced deformations and stresses from the production casing. Gas 
well setback distance is site-specific and strongly dependent on cover depth.

A Perspective of Gas Drainage from Gassy Coal Mines 
through Directional Drilling and CO2 gas fracturing
S. Liu¹, D. Brunner², Y. Cao³ and A. Liu¹; ¹Department of Energy and 
Mineral Engineering, The Pennsylvania State University, University Park, 
PA; ²REI Drilling, Inc, Salt Lake City, PA and 3Henan Polytechnic University, 
Jiaozuo, Henan, China
Methane is one of the major safety hazards for gassy coal mines. To prevent 
the gas related mining hazards, the effective gas drainage not only improves 
the safety of mining operation, but also simultaneous recovers the methane 
gas as clean energy. The key challenge for the gassy mine drainage is the 
lack of effective flow pathway creation and low gas deliverability defined by 
the permeability, diffusivity, and desorption kinetics. Although the directional 
drilling and CO2 fracturing have both been implemented in mines, it has not 
been implemented in combined manner, which can be a game-changer for 
the effective gas drainage. This work demonstrates the effectiveness of res-
ervoir accessibility through directional drilling and enhancement of gas flow 
through CO2 fracturing. We provide a perspective of drilling and continuous 
fracturing stimulation operations for gassy mines. This perspective provides 
theoretical and practical evidence for improvement and popularization of the 
newly developed technology for effective gas drainage.
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The Study of Gob Permeability Modelling to Prevent 
Spontaneous Combustion for Underground Coal Mining
A. Bascetin¹, D. Adiguzel² and J. Brune³; 1Mining Eng, Istanbul Teknik 
Universitesi Maden Fakultesi, Istanbul, Turkey; 2Istanbul Universitesi-
Cerrahpasa, Istanbul, Istanbul, Turkey and 3Colorado School of Mines, 
Golden, CO
The characterizing and permeability evaluation of broken rock mass in coal 
mine gobs determines the fluent flow distribution in the Gob. There are re-
lationship between permeability and rock fracture, dimension and shape, 
void or porosity of Gob, compaction of the Gob under overburden and etc. 
However, fluent flow distribution in GOB especially depends on permeability 
distribution in Gob. In this study, the permeability of compacted rock mass 
evolution was modeled based on the cubic law. The study briefly examined 
the relationships between broken rocks, compression model, porosty and 
permeability. Finite difference network method by FLAC3D was used in this 
study. It is understand from the study that permeability is reduced from 
the thickness of 2 m to 10 m or from softclaystone to claystone. It can be 
seen an another result here is that the permeability reduces above the gobe 
through of the top. It is clear that the zone is relatively un-fractured by the 
mining. It can be seen that the high stresses around the pillar or gob create 
a low permeability zone.

Stress-Strain Insights in Bioconverted Coal: A Molecular 
Approach
R. Pandey1 and T. Sohail²; ¹Mining and Mineral Engineering, Virginia 
Polytechnic Institute and State University, Blacksburg, VA and ²Aerospace 
Engineering and Mechanics, University of Alabama, Tuscaloosa, AL
The total annual US consumption of natural gas is expected to surpass 40 
trillion cubic feet in the coming years. Microbially enhanced coalbed meth-
ane (MECBM) aims to replicate naturally occurring microbial pathways to 
generate methane from in situ coal. In a basic gamut of lab-characterization 
experiments investigating properties of coal as a reservoir, it was revealed 
microbial treatment of coal results in swelling of the coal matrix. Bio-strains 
in the matrix result in changes in connected porosity, and its stress state 
which governs the flow behaviour throughout the life of the producing reser-
voir. Use of molecular dynamics (MD) enables us to utilize the bio-strain data 
to understand the dynamic stress-state development in a MECBM reservoir. 
The Wiser coal molecule was used as the representative molecule, whose 
reactive potential was minimised using ReaxFF. The stable MD system en-
ables application of strain, which results in local virial stresses. The virial 
stress was then processed to analyze the continuum stress state developed 
during the period of bioconversion, which bears a direct impact on in situ 
flow rates.

The Influence of Physicochemical Property Variation of 
Itakpe Iron Ore Mine Tailings Waste on the Sequestration 
of C02

A. Ajibona; Mining Engineering, Federal University of Technology Akure 
School of Engineering and Engineering Technology, Akure, Ondo, Nigeria
As the world steers towards environmental sustainability, particularly through 
combating climate change, there has been an increasing need for anthro-
pogenic CO2 emission reduction. Mineral carbonation has been found as 
a potential storage for CO2, which involves the reaction of CO2 and metal 
oxide-bearing minerals to form non-toxic solid carbonates. In this study, an 
approach was made to investigate the varying effects of certain properties of 
Itakpe iron ore mine tailings such as; particle size, pH, and reaction tempera-
ture on the sequestration of CO2. The Itakpe iron ore tailings contain hema-
tite, magnetite, and amphibole, which are important sources for carbonation. 
It was observed from the mineral compositional analysis that the waste 
material contains about 22% Fe2O3 and Fe3O4. Carbonation experiment 
was performed for this study and was carried out at ambient pressure and 
moderate temperature. The result observed from the sequestration capacity 
of the tailings revealed that maximum CO2 sequestration can be achieved if 
the particle size is of small diameter, at slightly moderate temperature and 
pH above neutral. Keywords: CO2 sequestration; mineral carbonation; mine 
tailings

WEDNESDAY, MARCH 1
AFTERNOON

COAL & ENERGY: VENTILATION INNOVATIONS
2:00 PM
Chairs: M. Gray, MSHA, Washington, PA 
A. Kumar, The Pennsylvania State University - University Park 
Campus, State College, PA

Introductions

Time Series Forecasting of Methane Gas in Underground 
Coal Mines
J. Diaz Martinez¹, Z. Agioutantis1, S. Schafrik1 and D. Hristopulos²; 1Mining 
and Mineral Department, University of Kentucky, Lexington, KY and 
2Technical University of Crete, Chania, Greece
This paper introduces the main steps towards developing accurate forecast-
ing models for methane gas emissions based on the analysis of time series 
data collected from Atmospheric Monitoring Systems in three underground 
coal mines by employing ARIMA models. Three primary associations were 
identified between the time series (e.g., methane gas, barometric pressure, 
and coal production rate); (i) the methane gas time series is autocorrelated, 
(ii) the methane gas and the coal production rate time series are positively 
correlated and (iii) the methane gas and barometric pressure time series are 
negatively correlated. The autocorrelation of the methane gas time series 
was used to develop a univariate forecasting model. The correlation between 
methane gas, barometric pressure, and coal production time series was im-
plemented to build two multivariate forecasting models. It was concluded 
that the univariate and multivariate approaches could predict methane gas 
concentrations accurately in underground coal mines.

Computational Fluid Dynamics (CFD) Modeling of Methane 
Explosions Development In Underground Coal Mines
E. Aramayo, T. Petrov and J. Silva; University of Kentucky, Lexington, KY
A computational fluid dynamics (CFD) software has been used at the Uni-
versity of Kentucky Explosives Research Team (UKERT) to simulate and solve 
problems with complex physical processes involved in an underground coal 
mine explosion. CFD can support explosion testing, reducing costs and as-
sisting the result’s interpretation. This presentation shows a numerical model 
created by UKERT to evaluate the capabilities of the CFD technique in the 
simulation of a methane explosion and its accuracy in the prediction of the 
pressure-time curve at various locations in a mine. The model follows the 
characteristics of the decommissioned Lake Lynn Experimental Mine. This 
mine was selected given that there is available information from a series of 
methane coal dust explosion tests performed before its closure. The drifts 
in this mine had an entry of 6 meters wide and 2 meters high. The pillars 
of the testing site were 24 meters long and 11 meters wide. The results 
from the CFD models were compared with the available data, validating the 
CFD as a tool to assess the pressure-time curve for underground methane 
explosions. Keywords: Methane explosions, Computational fluid dynamics, 
CFD code validation.
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Comparison of Fire Suppression Techniques on Lithium-
Ion Battery Pack Fires
W. Tang, L. Yuan, R. Thomas and J. Soles; Pittsburgh Mining Research Division, 
National Institute for Occupational Safety and Health, Washington, DC
Li-ion battery pack fires pose great hazards to the safety and health of min-
ers. A detailed experimental study has been conducted in the Pittsburgh 
Mining Research Division of NIOSH to investigate the effectiveness of differ-
ent fire suppression system on the Li-ion battery pack fire extinguishment. 
Tests were conducted in a well-ventilated container. Two sizes of battery 
pack (12V, 24V) were utilized with plate heater triggering thermal runaway 
and fire. Water mist with different flow rates, ABC powder, type D dry chem-
ical, and water mist with F500 additives were used as the fire suppression 
agents. Multiple thermocouples were installed on the battery pack and test 
exit to measure the temperature evolution during tests. Results indicated that 
water mist with F500 additives are the most effective suppressant among 
the agents tested. Dry chemicals, however, does quench the fire for a mo-
ment, but cannot prevent the re-ignition of battery fire since it does not pro-
vide cooling to the fire. The findings of this paper can be used to develop a 
safe battery fire suppression technique in a mining environment.

Blast Fumes Behavior Under Different Underground Mining 
Configurations
S. Jayaraman Sridharan¹, A. Adhikari¹, P. Tukkaraja¹ and J. Connot²; 
¹Mining Engineering and Management, South Dakota School of Mines and 
Technology, Rapid City, SD and ²Sanford Underground Research Facility, 
Lead, SD
Understanding the blast fume dilution behavior is crucial for an efficient 
underground development operation and maintaining a safe working envi-
ronment. Previous studies have investigated the blast fume behavior within 
the blind heading, however there is lack of understanding on the blast fume 
behavior in different mining methods and their geometrical configurations. 
Especially in large underground spaces where the air velocity is very low, 
the fumes can accumulate at the dead zones creating exposure risks. In 
this study, we examine the airflow patterns, and the blast fume behavior un-
der different mining methods - large room and pillar, large cavern, sub-lev-
el stoping, and tunnels using CFD. Our simulation study results for a large 
underground cavern (Sanford Underground Research Facility (SURF), Lead, 
SD), show that understanding the flow patterns, and fume behavior in large 
underground spaces can significantly help in designing effective ventilation 
system and improving safety conditions in the underground environment.

Ventilation Automation: What We Learned
J. Pinedo Ramirez and F. Michelin; Sales, Howden Group Ltd, Renfrew, 
Renfrewshire, UK
As communication becomes more common in underground mines, more 
information becomes available from the surface regarding underground 
conditions at any time, such as airflow, temperature, gases, vehicle location, 
or fan set points. The communication network also enables remote control 
of underground equipment. With all this equipment available at a growing 
number of mine, more and more are installing or considering automated 
ventilation. There are many benefits to such a system that are well known, 
such as power savings, safety, and operability. Implementation of ventilation 
automation on site is a multidisciplinary effort where the ventilation, IT and 
automation teams have to work together with third parties. With now over 
20 mines automating their ventilation and having participated in most of 
those, the authors look at the different aspects of the rollout of an automated 
ventilation system. Key topics include pre-installation requirements, steps of 
installation, and finally usage of the system. As part of this paper, the chal-
lenges and lessons learned as well as benefits will be presented.

IoT Based Solutions for Underground Ventilation: An 
Intelligent Mine Infrastructure Approach
M. Risso¹, M. Momayez1 and P. Campos²; 1Mining and Geological 
Engineering, The University of Arizona, Tucson, AZ and ²Universidad del Bio 
Bio, Concepcion, Bío Bío, Chile
Intelligent Mine Infrastructures (IMI) consider the embedding of sensors, 
communication, and controls into traditional working areas and equipment 
to increase efficiency, resiliency, and safety. We propose a framework to 
incorporate IMI with underground ventilation solutions, to generate energy 
efficient environment-aware controls. This approach is enabled by recent 
developments in underground communication infrastructures, increased in-
strumentation of currently available hybrid and electric equipment, as well as 
higher availability in IoT–based and wearable sensors. These elements are 
integrated into a cyber-physical systems control structure which achieves 
timely and efficient ventilation with reduced energy costs.

Evaluation of Mechanical Properties of Al-Si Geofoam by 
Experimental and Numerical Techniques
B. Lama, P. Rao, A. Chaurasia, M. Butani and M. Momayez; Mining and 
geological engineering, The University of Arizona, Tucson, AZ
Experimental and numerical methods were used to characterize the me-
chanical properties of porous aluminosilicate foam. The porosity of the phys-
ical samples was controlled by changing the composition of the blowing 
agent and surfactant. Ultrasonic P-wave and S-wave velocities were mea-
sured, and elastic properties were derived from the relationship between 
sound velocity, density, bulk modulus, shear modulus and Young’s modulus. 
Acoustic and stress analysis at different porosities was carried out using the 
COMSOL Multiphysics platform. Good agreement between experimental and 
numerical data was achieved.

WEDNESDAY, MARCH 1
AFTERNOON

Environmental: Critical Metals, REE, and Environmental 
Innovation
2:00 PM 
Chairs: L. Sunna, Freeport McMoRan, Phoenix, AZ 
A. Patel, Barr, Salt Lake City, UT

Introductions

Issues of Naturally Occurring Radioactive Materials in 
Mining
S. Cohen; Environmental Restoration Group, Inc., Colorado Springs, CO
The need for mineral resource development in the U.S. is increasing due to 
changes in electrical power generation and the need to domestically produce 
strategic minerals, such as rare earths and lithium. Development of many 
types of resoruces may result in the inadvertent concentration of radium, 
uranium, or thorium, and other radionuclides, depending on the type of and 
location of the deposit. While uranium and thorium are regulated by the 
U.S. Nuclear Regulatory Commission or Agreement States, other naturally 
occurring radioactive materials (NORM) are regulated solely by the states, 
if they are regulated at all. Consequently, inconsistent regulation of these 
materials results in significant confusion for miners and could place miners, 
unknowingly, in legal jeopardy. This paper identifies various regulations in 
the western U.S., the requirements for complying with these regulations, 
and strategies for sampling and analysis to characterize mine materials and 
waste to ensure that miners have a complete understanding of their potential 
NORM liabilities.
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In Search of... – Certainty in Environmental Agency 
Decision Making
L. Kramka; Foth Infrastructure & Environment, LLC, Duluth, MN
It seems that projects are routinely affected by governmental decision 
making that changes course, bringing uncertainty into decisions that were 
thought to have been settled. The term often used to describe this is “creep.” 
“Creep” is real and can be devastating to projects that span many years 
and many administrations. This presentation will identify common but often 
missed cues that agencies positions are in flux. It will also explore ways to 
combat “creep.” Finally, it will provide examples of methods that can be em-
ployed to reduce the risk of “creep” throughout the long lead time of project 
development and the changing regulatory landscape.

A Comprehensive Approach to Characterizing and 
Cleaning Infrastructure Impacted with Residual PFAS
J. Anderson1, J. Lang1, C. Theriault1 and P. Storch2; 1Arcadis US Inc, 
Highlands Ranch, CO and ²Arcadis Australia Pacific, Melbourne, VIC, 
Australia
Since the 1960s, firefighting foams containing per and polyfluoroalkyl sub-
stances (PFAS) have been used across industries in fire suppressant ap-
plications and during fire training events. Managing PFAS-containing AFFF 
remains a top priority for governmental and corporate entities worldwide. 
PFAS are known to aggregate at phase interfaces. Self-assembled PFAS can 
create a waterproof coating within the wetted surfaces of conveyance and 
storage infrastructure. It can be difficult to fully remove PFAS from surfac-
es using water only. Replacement of PFAS-containing AFFF without proper 
infrastructure cleaning and residuals management can result in dissolution/
desorption of PFAS into the newly installed liquids. Transitioning to C6 or F3 
for fire suppression/extinguishment has promise but requires planning to 
ensure decontamination, reliable disposal/destruction of historical long chain 
fluorinated foams, proper equipment and infrastructure updates/replace-
ment, and robust training to properly extinguish fires with the new foams. 
This presentation will discuss the practicalities associated with firefighting 
foam transitioning, and efficacy of cleanout via case study demonstration.

Assessing the Environmental Footprint of Rare Earth 
Elements Recovery From Coal Coarse Refuse
M. Rabbani¹, J. Werner² and E. Vahidi¹; 1Mining & Metallurgical 
Engineering, University of Nevada Reno, Reno, NV and ²University of 
Kentucky, Lexington, KY
The rare earth elements (REEs) play a crucial role in the high-tech sectors. 
However, the uneven global production distribution and limited resources 
have led to finding other alternative resources to meet global demand. This 
study aimed to evaluate the environmental impacts associated with the REEs 
production from coal-related materials, including coal refuse leachate (CRL) 
and acid mine drainage (AMD), as promising resources for REEs recovery. 
The results indicated that the main contributors to most environmental cat-
egories were NaOH, electricity, oxalic acid, and HCl. Furthermore, the CRL 
circuit had higher environmental impacts than the AMD route due to higher 
chemical/energy usage.

Assessing the Environmental Impacts of Smartphones 
Based on Raw Material Utilization
S. Nikfar, S. Nili and E. Vahidi; University of Nevada Reno, Reno, NV
Despite smartphones being small in size, a considerable number of Rare 
Earth Elements, critical, and platinum group metals are used for the produc-
tion of them. In this study, a Life Cycle Assessment was conducted to eval-
uate the environmental impacts of eight smartphone generations (Samsung 
Galaxy S, S2, S3, S4, S5, S6, S6 Edge, S6 Edge plus) based on the metallic 
composition of seven different components such as camera, antenna, and 
speaker. The main objective is quantifying the environmental impacts of each 
component based on temporal changes in raw material utilization in various 
generations released from 2010 to 2015.

Glycolipid-based Technologies for Mining Influenced Water 
Remediation
D. Hogan¹, C. Boxley² and R. Maier1; 1Environmental Science, University of 
Arizona, Tucson, AZ and ²GlycoSurf, Inc, Salt Lake City, UT
Mining influenced waters (MIW) represent an opportunity for the valoriza-
tion of critical materials from resources typically viewed as wastes. As wa-
ter resource demand and water scarcity issues become more pronounced, 
the development of technologies to not only treat MIW but also recovery 
valuable materials from these sources is becoming increasingly important. 
Glycolipid surfactants bind metals and are selective for many critical mate-
rials, including the rare earth elements and uranium. Using these materials, 
it is possible to recover metals from MIW using simple approaches like ion 
flotation, selective precipitation, and glycolipid-based adsorbents, enabling 
the simultaneous remediation of water and recovery and commoditization 
of valuable metals.

Reshoring Domestic Rare Earth Production from Monazite 
at Energy Fuels
P. Keller; Technical Services, Energy Fuels Resources (USA) Inc., Lakewood, CO
For many decades, monazite was mined as the primary source of com-
mercial rare earth elements; however, due to concerns over the disposal of 
the radioactive daughter products of thorium, the mining and processing of 
monazite was largely ceased by the 1960s. With today’s surging demand 
for green energy technologies, many of which contain significant levels of 
light and heavy rare earth elements, monazite is once again coming into the 
forefront for commercial rare earth production due to its favorable distribu-
tion of magnetic and heavy rare earth elements. Monazite sands are mined 
around the world by heavy mineral sands producers but are most commonly 
rejected with tailings materials because of elevated thorium content. By uti-
lizing existing processing capacity and state-of-the-art tailings impoundment 
facilities, Energy Fuels’ White Mesa Mill presents an incredible opportunity 
for low impact recovery of critical materials from an underutilized source.

WEDNESDAY, MARCH 1
AFTERNOON

ENVIRONMENTAL: GEOSYNTHETICS 
APPLICATIONS
2:00 PM
Chair: S. Calendine, hydroGEOPHYSICS Inc., Tucson, AZ

Introductions

Bentonite-Polymer Composite Geosynthetic Clay Liners in 
Heap Leach Applications
J. Youngblood¹, C. Benson², Y. Tan² and S. Bradshaw²; 1Solmax 
Geosynthetics, LLC, Houston, TX and 2Geological Engineering, University of 
Wisconsin-Madison, Madison, WI
Geosynthetic Clay Liners (GCL) are used in composite lining systems com-
posing a polyethylene geomembrane and GCL products. These composite 
lining systems function as a barrier for the leach solution from heap leach-
ing of ore. The high concentration and low pH of these solutions can sup-
press swelling in conventional GCLs comprised of sodium (Na) bentonite, 
resulting in hgih hydraulic conductivity. In such cases, specially formulated 
bentonite-polmyer composite (BPC) GCLs can be used. In this study, four 
commercially available BPC GCLs and one conventional Na bentonite GCL 
were permeated with a synthetic copper leach solution (pH = 2.2, ionic 
strength = 681 mM, relative abundance of monovalent to polyvalent cat-
ions (RMD) = 0.02 M0.5, anion ratio = 0.6). The BPCs were comprised of 
granular Na bentonite dry-blended with granular polymer. Each BPC GCL 
contained a unique polymer and different polymer loading. The Na-bentonite 
GCL contained the same bentonite as the BPC GCLs. All GCLs had 5 kg/m2  
mass per area. The presentation will show the different testing parameters to 
simulate leaching conditions as well as the results of the study.
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Leak Location Conductive in Copper Mine Pond 24 Years Later
J. Youngblood¹, S. Calendine² and A. Maskal¹; ¹Technical, Solmax 
Geosynthetics, LLC, Houston, TX and ²hydroGEOPHYSICS Inc, Tucson, AZ
Leak Location Conductive technology has been around for decades. Typically, 
the papers have been about pre-service use on performing the electrical leak 
survey and defects found. This case history discusses the performance of Leak 
Location Conductive technology after 24 years of exposure. It discusses the 
project at a copper mine application. HGI was the third party leak location com-
pany chosen to perform electrical leak location services. Due to pond having a 
portion filled with water, therefore covered and bare electrical leak technologies 
were performed at this project. It will discuss the HGI’s electrically based geo-
physical method that performed in water covered portion of pond, and it will 
discuss the use of Solmax’s S-100 spark tester to perform the bare geomem-
brane survey. The results from the surveys will also be discussed.

Case Studies of Erosion Control Using Concrete-Enhanced 
Synthetic Turf Revetment System at Mining Sites
M. Zhu and T. Sanville; Watershed Geosynthetics, Alpharetta, GA
The concrete-enhanced synthetic turf revetment system consists of three 
components (from bottom to top): an impermeable geomembrane that sep-
arates subgrade soil from surface water and protects it from erosion; an 
engineered synthetic turf that protects the geomembrane and provides nat-
ural-looking aesthetics; and a high-strength cementitious infill that provides 
ballast for the system. The system has been hydraulically tested for flow ve-
locity of more than 40 feet/second without any deformation or damage. Case 
studies of using this revetment system for erosion control of downchutes, 
channels and slopes at several mining sites are presented to demonstrate its 
installation process and field performance. The presentation is expected to 
be beneficial for site owners and design engineers who are seeking effective 
and economical solutions to address soil erosion challenges at mining sites.

Estimated Soil/Bedrock Foundation Swell Pressure due to 
Sulfuric Acid Exposure
K. Magner; Mining Design and Technical Services, NewFields Companies 
LLC, Atlanta, GA
The one-dimensional consolidation test, also known as the oedometer test is 
used to determine the stress-strain behavior of the soils immediately below 
the foundation bearing elevation and evaluate potential foundation settle-
ment. The test involves vertically loading a laterally constrained, saturated 
specimen and measuring the subsequent deformation over time. This same 
process is applicable to foundation soil/bedrock exposed to sulfuric acid due 
to an accidental leak. The goal of this evaluation is to determine foundation 
swell pressure resulting from soils exposed to sulfuric acid. A laboratory test-
ing program was developed to evaluate the effects of sulfuric acid exposure 
on highly weathered sandstone and siltstone composed primarily of dense 
silty sands and stiff sandy silt soils. From laboratory test data it can be ob-
served that the specimen inundated with tap water exhibits typical settle-
ment behavior, wherein as the load is increased the percent of contraction 
or settlement also increases. For the specimen inundated with sulfuric acid, 
expansion or swelling is immediately observed with a maximum swelling 
pressure of approximately 16 tsf.

Understanding Liner Leak Location Technology and How To 
Prepare for A Leak Location Survey
S. Calendine; Geoscientist, hydroGEOPHYSICS, Tucson, AZ
In the mining industry, a geosynthetic liner’s primary function is to create an 
impermeable barrier between the substance it contains and the earth below. 
These barriers are critical to protecting the environment and improving the 
mining process. Leaks can happen at any time during the life of a lined sys-
tem. Damage can occur from improper usage, environmental factors, age, 
and repeated regular use stress that creates tears, rips, or punctures. Elec-
trically-based leak location methods have been the primary technology for 
finding breaches in non-permeable geosynthetic liners for over thirty years. 
However, mine operators often do not understand leak location technology or 
the preparation needed for a leak location survey when they need one. This 
paper will discuss leak location methods, associated challenges with the 
leak location process, and how mine operators can prepare for a successful 
survey. We will also present a short case study on a liner leak location survey 
for a mining-related pond.

White Geomembranes Performance
B. Nanton2 and R. Mcnamara1; 1Area Manager North America, Atarfil, 
Suffolk, VA and ²Civil Engineer, Atarfil, Granada, Granada, Spain
High-Density Polyethylene (HDPE) Geomembranes have been used in con-
tainment applications for the past 50 years. Over this period, Polyethylene 
Geomembrane formulations have changed markedly with a design need to 
contain higher-risk contaminants stored in more challenging environments. 
One of the significant product developments has seen the emergence of 
“White Top Layer” Geomembranes. Atarfil would concur, and our most recent 
immersion and exposure data are compelling. It is not simply the thermal 
behavior that is beneficial; the additive types required to meet the challenges 
of stabilizing white layers also serve significantly better protection when sub-
jected to UV and Immersion Testing. This translates to substantially longer 
predictions of Geomembrane performance life.

WEDNESDAY, MARCH 1
AFTERNOON

HEALTH & SAFETY: NATIONAL OCCUPATIONAL 
RESEARCH AGENDA (NORA): FUTURE HEALTH 
AND SAFETY CHALLENGES WITH ALL-ELECTRIC 
MOBILE EQUIPMENT
2:00 PM 
Chairs: L. Saperstein, Missouri University of Science and Technology, 
Nantucket, MA 
R. Reed, NIOSH, Pittsburgh, PA 
E. Rahimi, New Mexico Institute of Mining and Technology, Socorro, NM

Introductions

Lessons Learned from Implementation of Battery Electric 
Vehicles at the Waste Isolation Pilot Plant Facility
K. McDaniel¹, G. Basabilvazo¹ and D. Sjomeling²; ¹Carlsbad Field Office, 
U.S. Department of Energy, Carlsbad, NM and ²Nuclear Waste Partnership 
LLC, Carlsbad, NM
The WIPP facility opened for disposal of TRU waste in 1999. It is statutorily 
authorized by Public Law 102-579 (as amended by Public Law 104-201) 
The WIPP Land Withdrawal Act (LWA) to receive and dispose of 6.2 mil-
lion cubic feet (175,564 cubic meters) of TRU waste. The facility horizon is 
2150 feet below the surface in the Permian Salado halite formation where 
TRU waste is placed for permanent disposal. The 1997 Authorization Basis 
estimated the final closure date of 2033 based conservative pre-operational 
assumptions. The facility has received over 13,000 shipments comprised of 
about 40% (~71,000 cubic meters) of the authorized LWA total TRU waste 
volume. Approximately 7 disposal panels have been filled to date. This is 
due to differences between actual WIPP operating experience vs. the 1997 
estimates. To accommodate the authorized LWA TRU waste volume, the 
WIPP facility will need to stay operational beyond 2033. WIPP personnel are 
working to upgrade facilities and equipment. This includes replacing die-
sel-powered underground equipment (e.g. trucks) with Lithium-Ion battery 
powered units. This presentation will address Lessons Learned associated 
with this effort.
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Now That You Have Decided on Battery Adoption for 
Underground Use......What do I Need to Consider?
A. Griffiths; Mohawk College of Applied Arts and Technology, Hamilton, ON, 
Canada
Once you have decided on Battery Adoption, there are other aspects of 
battery use that need to be considered. Are the batteries rented or pur-
chased. Safety this is a broad description so: 1/. Design and standards that 
are applicable, battery testing what has the potential supplier provided? Do 
they apply to surface or underground use? 2/. Material used in components 
and suitability for the overall design: Coolant selection, battery chemistry, 
recyclability, temperature ranges, altitude. 3/. Communication and controls. 
How and who communicates with the unit to WiFi/LTE? 4/. Maintenance 
and servicability. Servicing and repairing an EV unit, towing procedures. 
Spare parts, where and how do I store them? 5/. Training and Operations. 
Are the mechanics trained properly for high voltage? 6/. Special tools and 
Procedures. PPE and procedures in place for a malfuctioning battery unit.  
7/. Charging Method. On Board /Off Board/Trolley Assist. Where are the sta-
tions located, new mine vs.old mine. 8/. Emergency Response Procedure. 
Who and what is needed to address a thermal event. Battery adoption is 
just the first step, supporting the decision and what that looks like is the 
next step.

Challenges of Introducing Lithium-ion Batteries in 
Underground Mining
J. Haughey, J. Krellner and G. Davis; Komatsu, Warrendale, PA
With the increasing popularity of lithium-ion batteries, mining companies are 
eager to adopt this technology into their operations; however, underground 
mining poses several challenges for the safe use of this technology. Large 
format lithium-ion batteries offer significant benefits for mining applications, 
but they must be operated and maintained in a safe manner. This presenta-
tion will discuss the benefits of lithium-ion batteries and the obstacles that 
must be overcome to safely utilize them in underground applications.

Thermal Runaway of LTO and NCA Lithium-Ion Batteries in 
a Sealed Enclosure Containing Methane
N. Rayyan, C. Brown and T. Dubaniewicz; PMRD, National Institute for 
Occupational Safety and Health, Washington, DC
Lithium-Ion batteries (LIBs) have the potential to go into thermal runaway 
which introduces a new ignition source in hazardous environments such as 
underground coal mines which may contain methane in the surrounding air. 
Researchers used an accelerating rate calorimeter (ARC) to induce thermal 
runaway in individual lithium-titanium-oxide (LTO) and lithium-nickel-co-
balt-aluminum-oxide (NCA) LIB cells within a sealed enclosure with either 
no methane, a lean, a stoichiometric, or a rich methane-air mixture in the 
surrounding cannister to determine if these LIB types would ignite the meth-
ane, causing an additive effect on overpressures. Cannister pressures and 
maximum temperatures reached by the cells, surrounding air, and exhaust-
ed gasses were measured and remained consistent with varying methane 
concentrations. The results from this study will help mining equipment man-
ufacturers properly address new safety hazards and develop measures to 
keep miners safe while working with lithium-ion batteries in underground 
gassy mines.

Safety Concerns with Lithium-Ion Batteries Used in 
Electric Mobile Equipment and How to Address Them
A. Pesaran; National Renewable Energy Laboratory, Golden, CO
As electric vehicles are becoming a common alternative for personal mobility 
in the next decade and later for transporting goods, industrial use of all-elec-
tric mobile equipment is on the rise and could contribute to many mining 
applications. Lithium-Ion battery (LIB) technology is the main choice for the 
electric mobility due to significant improvements in its power and energy 
performance, increased cycle and calendar life, and lower costs. Current 
LIBs use inorganic flammable electrolytes that have the potential to lead 
to fires in lithium-ion batteries due to poor designs, misuse, or abuse. Re-
cent fires in electric vehicles and grid energy storage have caused concerns 
by some that use of LIBs in some mobility applications have to be more 
regulated. As a result, all-electric mobile equipment developers and users 
should pay special attention to the safety of LIBS. Here, we will discuss fun-
damental causes for safety issues leading to thermal runway and fire in LIBs, 

review abuse behavior of cells and packs through characterization, testing, 
and modeling/simulations, and provide overview of selected approaches that 
could improve safety of LIBs in various applications.

Battery Electric Vehicles Fire, Toxic Fumes and Fire 
protection; A Critical Review
A. Iqbal, G. Xu, R. Pushparaj and O. Salami; Mining and Nuclear 
Engineering, Missouri University of Science and Technology, Rolla, MO
Over the years, Battery Electric Vehicles have dominated the transportation 
market, because of their low environmental footprints, high energy density, 
and long life. However, BEV has its own limitations i.e., fire risks. Most re-
searchers have described thermal runaways to be the major reason for the 
fire threat. In this manuscript, recent literature about the fire risks of BEVs 
is analyzed, and recommendations have been put forward to counter the 
problem. The whole process of BEV fires has been critically studied citing dif-
ferent research. Different aspects of BEV fires including gaseous and thermal 
emission, and the emergency response protection process has also been 
analyzed. It was concluded that Battery fires are a relatively ingenious tech-
nology with several mysteries, understanding the gases emitted, protection 
strategies, and the fire extinguishing agents used are a few of them. Conclu-
sions regarding some of these unanswered questions regarding battery fire 
safety have been made and put forward for future research.

Thermal Safety Model for BEV in Underground Mines
G. Danko; University of Nevada Reno, Reno, NV
The operation of Battery Electric Equipment (BEE) in mines has specific chal-
lenges to both the BEE and the workplace especially in deep and hot under-
ground openings. Recent mine accidents involving BEE has been addressed in 
mine safety workshops in Canada. High working temperature is known to be 
detrimental to Lithium ion (Li-ion) battery’s life and safety. Li-ion battery fire is 
a common problem, resulting in transportation restrictions abroad aircraft and 
vessel over 100 Watt-hours (0.1 kWh) energy capacity. Battery Electric Vehi-
cles (BEV) are commonly packed with thousand-fold higher energy capacity in 
the 100 kWh range. The batteries in BEV are known to overheat, catch fire, and 
even explode due to thermal runaway. Such problem may happen in hot mine 
workings. A comprehensive thermal model of the BEE and BEV is discussed to 
examine the thermal runaway syndrome of a Li-ion battery pack, analogous to 
the heat stroke of human workers in hot underground mines.

WEDNESDAY, MARCH 1
AFTERNOON

INDUSTRIAL MINERALS & AGGREGATES: HEALTH 
& SAFETY IN INDUSTRIAL MINERALS
2:00 PM
Chairs: S. Amini, West Virginia University, Morgantown, WV 
P. Roghanchi, New Mexico Institute of Mining and Technology, 
Socorro, NM 
B. Nojabaei, Virginia Polytechnic Institute and State University, 
Blacksburg, VA

Introductions

Development of Air Quantity Estimator (AQE 2.0) Software 
for Estimating Airflow Requirements to Dilute Diesel 
Particulate Matter
K. Ajayi, V. Gangrade, M. Harris, J. Britton, J. Fritz, M. Young and G. Cole; 
NIOSH, Pittsburgh, PA
Mine workers using diesel-powered equipment experience the highest oc-
cupational exposure to Diesel Particulate Matter (DPM). This problem is ag-
gravated in underground stone mines due to its unique ventilation challenges 
with the large openings. Consequently, the National Institute for Occupational 
Safety and Health (NIOSH) developed an updated version of the Air Quantity 
Estimator (AQE) software first released in 2006. This new software serves 
as a ventilation planning tool to help underground mine operators determine 
the airflow required to dilute DPM in the main air stream to statutory levels, 
which helps to reduce workers exposure to DPM.
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Improving Mine Health and Safety Training in Creating 
Montana Technological University’s Mine Health and 
Safety Training Program
R. Hogan² and P. Conrad¹; ¹Montana Tech, Butte, MT and ²Blackjack Silver 
Corp., Butte, MT
The Mining Engineering Department at Montana Technological University 
(Montana Tech) has a new Mine Safety and Health Administration (MSHA) 
approved program for Part 46 and Part 48 mine health and safety training. 
The training program will utilize the facilities and faculty from Montana Tech’s 
Mining Engineering and Occupational Safety and Health (OSH) departments 
to provide world class mine health and safety training. The faculty of each 
department includes professionals with experience in safety training and 
the mining industry. These training programs will utilize the resources of the 
OSH laboratory as well as the Underground Mining Education Center (UMEC) 
which is located on campus in the old Anaconda Mining Company Orphan 
Boy Mine. The training program incorporates adult learning techniques and 
extensive hands-on training in all training modules.

Working SMARTer: Improving Site Situational Awareness, 
Records Keeping, and Compliance Reporting Using a 
Lightweight, Collaborative App
L. Brown¹, N. Pham¹, K. McCormick² and P. Tukkaraja²; ¹Mel & Enid 
Zuckerman College of Public Health, The University of Arizona, Tucson, AZ 
and ²Mining Engineering & Management, South Dakota School of Mines 
and Technology, Rapid City, SD
Contractors and small operators face a variety of challenges to implement 
the reporting requirements of 30 CFR Parts 46, 48, and 50. Working with 
MSHA personnel, state grants programs, and mine operators, we have devel-
oped the Small Mine Activities Reporting Tool (SMART), a secure multi-user 
app that runs on Android and iOS-based smartphones. SMART is designed 
to provide a shared situational awareness of record keeping and compli-
ance activities on the worksite. Key pain points are addressed which include 
1) reporting for accidents and injuries, 2) notification of mine opening and 
closure, 3) tracking of site maintenance, and 4) tracking of training records 
and certificates of training. SMART provides intuitive workflows to guide the 
user via tutorials, templates, and context-specific Q&A, with customizable 
alerts for due dates and deadlines. This talk provides an overview of SMART, 
outlining recent highlights and feature updates based on operator feedback, 
including the company calendar, repairs tracker, multi-mine functionality, and 
analytics dashboard. In this talk, we present an app demo and discuss be-
ta-testing outcomes.

Experimental and Computational Investigation of 
Respirable Dust Lung Deposition Mechanisms
A. Aboelezz², E. Medureira¹, M. Hassanalian², W. Su³ and P. Roghanchi¹; 
1Mineral Engineering, New Mexico Institute of Mining and Technology, 
Socorro, NM; ²Mechanical Engineering, New Mexico Institute of Mining 
and Technology, Socorro, NM and 3The University of Texas Health Science 
Center at Houston, Houston, TX
Underground coal miners are susceptible to developing respiratory and other 
ailments as a result of prolonged exposure to dangerous amounts of re-
spirable coal mine dust. While there are apparent linkages between dust 
exposure and the development of occupational lung illness, the mechanisms 
are largely unknown. It is critical to know better how different quantities and 
types of dust particles encountered in underground mines alter pathophys-
iological processes in the airways and lungs, resulting in various forms of 
occupational lung illness. Such data is required to determine acceptable 
exposure limits and monitoring guidelines and create biomarkers for earlier 
disease detection. This study will discuss experimental and computational 
techniques to understand the lung deposition of respirable coal dust. We 
will show how experimental lung deposition studies will be used to devel-
op Computational fluid dynamic (CFD) and simulate various mechanisms of 
particle lung depositions.

Update on MSHA’s Crystalline Silica Enforcement Initiative 
& Rulemaking
A. Abrams; Law Office of Adele L. Abrams PC, Lewes, DE
In June 2022, MSHA launched a unique enforcement initiative focused on 
respirable crystalline silica at both coal and metal/nonmetal mines. The pro-
gram is a precursor to the agency’s forthcoming proposed rule, expected 
to reduce permissible exposures by half and to impose new programmatic, 
sampling and training requirements that align with the 2016 OSHA standard. 
The MSHA enforcement initiative targets those operations with anticipated 
compliance issues, a history of citations or a history of overexposures. MSHA 
will require production of the mine operator’s or contractor’s historical sam-
pling data, and the program includes outreach to miners on their rights. Sig-
nificantly, the initiative raises questions about MSHA’s use of this data in the 
rulemaking, public production through FOIA reports, miner privacy issues, 
and threats to shut down operations that are non-compliant. This session will 
address the enforcement program, prospects for an MSHA silica rule, and 
tandem developments to amend the OSHA rule that may impact the mining 
sector in the future.

A Case Study of Massive Strata Collapses Occurring 
Distant from the Working Face
N. Evanek¹, G. Rashed¹ and T. Miller²; ¹Pittsburgh Mining Research 
Division, National Institute for Occupational Safety and Health, Pittsburgh, 
PA and 2East Fairfield Coal Company, Petersburg, OH
When high levels of horizontal stresses are encountered it typically is found 
at the working face. Here advancing mining faces can concentrate stresses. 
In many cases, the associated strata failures will stabilize as the advancing 
face moves away from the area. However, under certain geologic and mine 
layout conditions, strata failures around the margins of these roof falls can 
reinitiate. These expanding roof falls can develop into massive ground col-
lapses, posing a significant safety risk to miners working outby the face. This 
occurrence was observed and documented using 3D LiDAR scanning at a 
limestone mine in northeastern Ohio. Examples of expanding roof falls from 
this limestone mine are presented to help better understand how massive 
ground collapses could result from lateral strata movement at large distanc-
es from the working face. This case study will provide the underground stone 
mining industry unique insight into how massive ground collapses may de-
velop, which will assist with recognition in similar environments to improve 
health and safety of underground miners.

Achieving Increased Environmental, Health, Safety, and 
Social Value Through the Implementation of a Corrosion 
Control Management Program CCMP.
J. Bucci; American Rock Salt, Mt Morris, NY
The corrosive environment at American Rock Salt (ARS) over many years of 
operations resulted in significant corrosion of visible and non-visible criti-
cal infrastructure. By implementing a comprehensive CCMP ARS has not 
only saved money, but has also: minimized unexpected corrosion failures, 
improved site and environmental safety, increased owner and public confi-
dence, and elevated regulatory compliance. This presentation will cover how 
ARS developed its CCMP and at what stages during its execution the val-
ue-added elements previously listed are measured and realized.
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2:00 PM
Chair: S. Siebenaler, Big Rock Industries, Cascade, CO

Introductions

Orogenic Gold Mineralization in the Archean South Pass 
Greenstone Terrane, Wyoming
D. Peterson; Big Rock Exploration, Duluth, MN
Archean granite-greenstone terranes host diverse rock types formed from 
a variety geotectonic events, yet there are unifying characteristics that dis-
tinguish them from other geological environments. Greenstone belts are 
long, linear accumulations of volcanic and sedimentary rocks that reflect 
different evolutionary conditions of formation, and all have invariably been 
influenced by subsequent geotectonic factors. This includes a variety of in-
trusive complexes, all of which result in widespread strain-partitioned defor-
mation, metamorphism, and mineralization. In the South Pass greenstone 
terrane of Wyoming, orogenic gold mineralization occurs proximal to late 
transpressional structures, which represent reactivated sequence-bounding 
primary faults. Gold mineralization occurs in secondary flower structures and 
is hosted within quartz veins and fault-fill vein arrays, hydrothermal breccias, 
and shear-induced extensional veins. Historically, greenstone belt gold mines 
exploited the quartz vein and breccia systems, but given the current price of 
gold, the locally extensive and moderate-grade pyritic hydrothermal aureoles 
surrounding high-grade vein systems can also be exploited.

New Eyes on Old Rocks; A New Structural Model Reinvents 
a World-Class Gold District – Black Hills, South Dakota
R. Bergmann; F3 Gold, Minneapolis, MN
The Black Hills region of South Dakota is home to the Homestake Mine, 
which produced 40+ million ounces of gold over 137 years. Homestake 
is historically interpreted as a Banded Iron Formation (BIF)-hosted deposit 
with gold mineralization locally controlled by F3 fold and shear structures. 
However, recent publications suggest a model for the Black Hills dominated 
by transpressional, brittle-ductile shearing along the Dakotan Tectonic Zone 
(DTZ), a deep-seated, through-going regional shear zone. Critically, the east-
ern high-strain zone of the DTZ lies along strike with the Homestake gold 
mine, and numerous DTZ shear structures elsewhere in the Hills coincident 
with gold mineralization, suggesting a metamorphic shear zone, lode gold 
model may be fitting for the Black Hills. Over the last decade, extensive field 
work has tested this model, including over 6,000 surface samples combined 
with detailed 1:8,000 scale geological mapping, petrography, SEM-EDX, and 
mineralogical analysis. These data provide compelling evidence correlating 
DTZ structures across the Black Hills to high-grade gold at surface and is 
now being considered the controlling driver of gold mineralization in the re-
gion.

Modern Exploration at the Historic Silver Camp Belmont, 
Nye County, NV
M. Travis; Nevada Silver Corp, Las Vegas, NV
The Belmont project, 45 miles north-east of Tonopah, NV, was a past-producer 
of bonanza silver ores. The Belmont area is a north-south range of low hills be-
tween the Toquima and Monitor Ranges. Primary years of production were from  
1865 – 1885. The Belmont district geology consists of a Late Cretaceous 
granitic pluton and Ordovician strata of quartzite, siltstone, and carbonate 
strata that have undergone mild-metamorphism. The Belmont pluton crops 
out to the West and underlies the Paleozoic units. Two main vein systems 
were the focus of early mining: the Eastern vein system (Highbridge/Tran-
sylvania) hosted in limestone & the Western vein system (Arizona/Eldorado) 
hosted in quartzite. The veins are generally conformable with bedding and 
dip about 40 degrees to the East. Mined veins consist of quartz with clus-

tered to disseminated mineralization of silver chlorides and sulfides such as 
cerargyrite, pyrargyrite, and tetrahedrite. Exploration targets include lower 
grade veins left behind, down dip continuation of vein systems, undiscovered 
high-grade ores. Current exploration involves geophysics and modern drilling 
methods includinh an IP survey, geologic mapping, and core drilling.

Mineralogy and Geometallurgy of the Iron Creek Deposit, 
Idaho Cobalt Belt, USA.
N. Zaronikola, E. Holley, K. Pfaff, J. Thompson, E. Spiller, J. Trouba, 
C. Anderson and R. Eggert; Colorado School of Mines, Golden, CO
Current U.S. policies focus on establishing domestic supply chains of critical 
minerals, like the cobalt used in rechargeable batteries. The Iron Creek de-
posit, at Idaho Cobalt Belt (ICB), represents one of the most promising cobalt 
targets in the USA. Most of the cobalt occurs within pyrite as a substitute for 
iron, with lesser Ag, As, Bi, Ni, Pb, and Te. Here we document the mineralogy 
and geometallurgy of high-grade ore samples from the Iron Creek ore de-
posit, to show how mineralogical deportment affects the potential for mining 
in the ICB and the implications for domestic critical mineral supply.

Mineral Exploration and Assessment – Characterizing  
the Mineralogy and Geochemistry of the Subsurface
K. Pfaff¹, T. Monecke¹, S. Stolze¹, A. Lundström², T. Løke³, F. Körting³ and 
J. Hernandez³; 1Center for Advanced Subsurface Earth Resource Models 
(CASERM), Department of Geology and Geological Engineering, Colorado 
School of Mines, Golden, CO; ²Minalyze AB, Sävedalen, Sweden and 3Norsk 
Electro Optikk AS, Oslo, Norway
Our understanding of the mineralogy, geochemistry and geotechnical char-
acteristics of the subsurface is largely based on drill core. New advances in 
core scanning technologies such as continuous XRF and hyperspectral core 
scanning allow us to rapidly and accurately characterize drill core and extract 
big data that can be utilized to inform subsurface geological models. The 
new technology can be used to better understand ore zonation and related 
gradients in alteration mineral assemblages in a wide range of deposit types, 
including those of critical minerals. The project also has implications to the 
characterization of waste rock piles and tailings.

Integrating Probabilistic Thinking, Machine Learning and 
Expert Opinion in Mineral Property Development
A. McMahon; Tacit Vision, LLC, Centennial, CO
Mineral property development can be visualized as a long chain of random 
events (e.g., discovery, resource definition, resource growth, reserve con-
version). Each event has a unique set of possible outcomes with each out-
come having a unique probability. Analysis of a global database of mineral 
properties suggest probability distributions (priors) for these event outcomes. 
Given all mineral properties are distinct, possessing their own unique set of 
geographic features, these priors require further refinement. Machine learn-
ing can provide some of this refinement by unveiling the subtle relationships 
between these unique features and event priors. Given databases only cap-
ture a fraction of human knowledge, event priors require further subjective 
refinement by subject matter experts. Resulting posterior probability distribu-
tions are used in Monte Carlo simulations to distill a complex technical view 
to one more amendable to economic assessment. A case study using this 
methodology is provided.
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Introductions

Mineral Resource and Mineral Reserve reporting for 
AngloGold Ashanti under S-K 1300
T. Flitton and A. Eliot; Geological Society of South Africa, Johannesburg, 
South Africa
Registrants engaged in mining operations had to comply with the final rule 
amendments of the SEC adopted Subpart 1300 of Regulation S-K for the 
first fiscal year beginning on or after 1 January 2021. Accordingly, AngloGold 
Ashanti (AGA) provided disclosure in compliance with Regulation S-K 1300 
for its fiscal year ending 31 December 2021. AGA is listed on multiple stock 
exchanges and needs to meet both the SAMREC code as well as Regulation 
S-K 1300. Regulation S-K 1300 is aligned more closely with the CRIRSCO 
and emphasizes the three governing principles of transparency, materiality, 
and competence. There are however differences to these global regulatory 
practices and standards which will be discussed as well as the impact on 
public reporting. AGA aimed to minimise any additional workload by match-
ing as far as possible SAMREC to the Regulation S-K 1300 requirements so 
that the properties only capture the information once within a data repository. 
Reporting from the data repository was then done according to the applica-
ble code and regulatory body. Further discussion on the filing of the TRS as 
exhibits to the Form 20-F will include processes followed and level of detail 
reported.

Mining Studies
S. Searston¹ and G. Greg²; ¹Mine Technical Services, Parker, CO and 
²Mining Consulting, Wood Canada Inc, Vancouver, BC, Canada
Regulation S-K 1300 has three mining study definitions that set out what fac-
tors must be evaluated in each study type. The studies are summarized into 
technical report summaries that are prepared by qualified persons. An initial 
assessment is a “what-if”, conceptual study that presents what a project 
could be, based on preliminary and simplistic assumptions. A pre-feasibility 
study examines a range of options, is used to narrow down those options by 
way of trade-off and other related studies across a range of disciplines, and 
is based on more detailed information than an initial assessment. A feasibility 
study is an evaluation of what the project will be, presents a single option, 
and is based on more detailed data than the pre-feasibility study. Investors 
should not expect to see a linear progression between studies. However, 
companies will need to carefully manage investor expectations to avoid lia-
bility issues to the registrant and to the qualified person(s). This will require 
communication that the presentation is based on reasonable investment and 
market assumptions, and that the study represents a snapshot in time.

Commodity Pricing
G. Greg² and S. Searston¹; 1Mine Technical Services, Parker, CO and 
2Mining Consulting, Wood Canada Inc, Vancouver, BC, Canada
The United States Securities and Exchange Commission undertook a ma-
jor step in Regulation S-K 1300 by removing the requirement that mining 
studies and mineral reserve estimates only use a three-year trailing average 
metal price. Within the mining industry, forecast prices can be derived in a 
number of ways to form the forecast basis. Determinations have included: 
trailing average pricing (two, three, five years) industry consensus (short-, 
mid-, long-term), contract prices (including metal streaming prices), cur-
rent prices, margin over cash cost of production, and pricing from specialist 
commodity research firms. Under Regulation S-K 1300, these approaches 
should be acceptable if they are well-supported. A mining study requires 
price assumptions for different inputs. The cut-off used for mine planning 
purposes may use one metal price, the constraining mineable shapes for 

mineral resources and mineral reserves may use a different metal price, and 
the economic analysis supporting the mineral reserves may use a third price. 
It is common industry practice to use a higher metal price for estimation 
of mineral resources than is used for mineral reserves and the economic 
analysis.

Initial Observations, Challenges, and Discussions on S-K 
1300 Disclosure with a Focus on Mineral Resource Risk
E. Ronald; SRK Consulting, Denver, CO
SRK Consulting (U.S.), Inc. has performed readiness audits, reviews, and 
disclosure under the SEC’s updated regulation S-K1300 for multiple com-
panies. This presentation provides summary observations across multiple 
commodities, jurisdictions, and projects at various stages of advancement. 
Common themes have arisen as public companies have transitioned to the 
updated disclosure requirements with challenges including lack of Mineral 
Resources, poorly defined studies across all technical aspects, inadequate 
discussion on risks, financial assumptions, and market studies. SRK will 
provide generalized examples of observations over the past two years and 
provide guidance on disclosure with a focus on categorizing and discussing 
risk with Measured, Indicated, and Inferred Mineral Resources.

Survey of S-K 1300 TRS Filing Strategies
G. Malensek; US Mining Advisory, SLR International Corp., Lakewood, CO
The new U.S. Securities and Exchange Commission (SEC) modernization 
drive of S-K 1300 went into effect on January 1, 2021. Since that time, SLR 
Consulting Inc have conducted an analysis of the S-K 1300 Technical Re-
port Summaries (TRS) filed on EDGAR website. This presentation is intended 
to give an overview of how various filers/authors have interpreted the new 
guidelines, how they differ in their filings with respect to, but not limited to, 
whether to list Qualified Person(s) on the TRS, the level of technical detail 
presented in the TRS by reporting entity, and life of mine economics.

Trends in SEC Comment Letters on Regulation  
S-K 1300
K. Awuah-Offei¹ and J. Offei²; 1Department of Mining & Explosives 
Engineering, Missouri University of Science and Technology, Rolla, MO and 
2Department of Mining Engineering, University of Mines & Technology, 
Tarkwa, Ghana
Mining companies were required to comply with Regulation S-K 1300 for 
their annual report covering the first fiscal year ending on or after January 
1, 2021. Consequently, most mining companies filed their first S-K 1300 
compliant disclosures in 2022. The US Securities & Exchange Commission 
(SEC), as part of its disclosure review program, has been issuing comment 
letters in response to these filings. This paper presents an overview of the 
trends in these comment letters. The authors retrieved comment letters from 
the SEC’s EDGAR database based on Standard Industrial Classification (SIC) 
Codes that cover mining, the content of the comment letter (whether it refer-
ences S-K 1300 or not), the names of SEC staff listed in the comment letters, 
and other criteria. The authors then reviewed these letters and cataloged 
the frequency with which the letters address issues with various sections 
of Regulation S-K 1300. The authors also provide qualitative review of the 
significance of some of the issues. The paper shares these results to guide 
industry participants towards improved disclosures.
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Introductions

Bridging the ESG Gap - How to Achieve Corporate 
Decarbonization Goals While Delivering Site KPI’s
D. Johnson; Stantec, Phoenix, AZ
Mining is under increasing pressure to rapidly achieve commitments to Net 
Zero, as well as raise the bar for ESG’s S and G. Goals are cascading from 
C-Suites through every organization level, meaning if mines are not opera-
tionalizing ESG, the entity is likely to fall short of its commitments. Sites, how-
ever, must achieve productivity KPIs. How can miners harness value from 
new tools and achieve both metrics? Contrary to common belief, mining 
doesn’t suffer from a lack of innovation, but rather from an ability to rapidly 
scale emerging technologies, including those needed to meet decarboniza-
tion goals. While many reasons are behind this failure to scale, trying to 
solve those reasons one by one will cause needed solutions and the money 
invested in them to suffer the same fate as their predecessors. Mines must 
holistically solve the issue of scaling without disrupting existing operations 
to achieve both ESG and operational goals. This presentation will offer a 
practical methodology for how your operations can successfully achieve this 
critical but elusive balance, driving speed to value from emerging technol-
ogies, thereby delivering both your corporate Net Zero goals and site KPI’s.

Capturing Your Mine’s Net Present Value: A Vision for 
Sustainable Growth Beyond Profits
R. Vivas; Technical Services, Hexagon Mining, Tucson, AZ
How do you master the sum of your mine’s unique and infinite variables to 
maximize value? What is the net present value of your mine plan? Is it the 
best plan? Can the mine plan be achieved in the field? Can we reduce the 
variance between planned vs executed? Can we reduce our carbon footprint 
and still drive sustainable growth? This presentation discusses two case 
studies that show how project value can be unlocked with the help of mine 
planning optimization software applied to open pit truck and shovel opera-
tions while being subject to restrictions that minimize the impact of mining 
activities on the environment. As we prepare to transition into a world of zero 
emissions from combustion engines to electric vehicles we will still need to 
mine even more amounts of copper, zinc, lithium, cobalt and other minerals 
that will power the electric green revolution. Capturing your mine’s net pres-
ent value in today’s markets demands a vision for sustainable growth beyond 
profits in which the mining industry is committed to social and environmental 
goals that minimize the impact on the land and protect our natural resources 
and ecosystems for future generations.

The AGEMERA – Agile Exploration and Geo-Modelling For 
European Critical Raw Materials Project: An Initiation to 
Secure the Supply Chain
M. Islam¹, J. Joutsenvaara², E. Niinikoski2, G. Barakos³ and H. Mischo¹; 
¹Institute of Mining and Special Civil Engineering, Technische Universitat 
Bergakademie Freiberg, Freiberg, Sachsen, Germany; ²Kerttu Saalasti 
Institute, University in Oulu, Finland, NIVALA, Finland and ³Curtin University 
Western Australia School of Mines Minerals Energy and Chemical 
Engineering, Kalgoorlie, WA, Australia
European Union’s transition to a low-carbon and digital economy highly 
depends on securing the strategic autonomy of the Critical Raw Materials 
(CRMs) supply chain, which is under threat due to growing social concerns 
and lack of exploration knowledge, among other factors. This paper intro-
duces a European Commission-funded research project named AGEMERA, 
which aims to create detailed geological and people’s concerns maps to 
unlock the CRM potential in Europe. Furthermore, the project will develop 

educational packages for schools and universities, publish online CRM-relat-
ed game and news flashes, and arrange public events to ensure a basis for 
socially accepted and sustainable exploration and mining of CRM in Europe.

Satellite-Based Monitoring Solutions Improved Community 
Trust and License to Operate
R. Weaver; Business Development, Orbital Sidekick, San Francisco, CA
Not in recent memory has the mining sector been afforded the growth 
opportunity facing it today. Operators are anxious to expand and capital is 
available but traditional risks to new projects are compounded by opposi-
tion borne of low community trust in the industry and outsized resistance 
from local and regional stakeholders. Mineral production is increasingly a 
national security issue and yet new projects remain stranded, obstructed 
and overlooked. A broad conversation is due among industry, communi-
ty and political stakeholders to address the juxtaposition of stratospheric 
market demand with seeming supply suppression. A significant theme in 
this conversation has to be restoring trust in the industry as a whole. With 
powerful new satellite platforms being deployed to offer commercial mon-
itoring and intelligence services, could they offer mining operators a cost- 
effective measure of transparency in the communities in which they seek 
to expand? This presentation seeks to engage this conversation using the 
example of a persistent monitoring technology that could contribute to im-
proved stakeholder relations necessary for a booming mining renaissance 
to begin.

An Analysis of Current Gaps in Mineral Resource Education
K. Slaughter; Mining and Geological Engineering, University of Arizona, 
Tucson, AZ
The School of Mining and Mineral Resources at the University of Arizona 
seeks to close the gap between the mining industry and transdisciplinary 
education. This is being done initially by creating a minor and several certifi-
cates that unite different aspects of the mining industry and elevate the sta-
tus and quality of mineral resource education. As new courses for the minor 
and certificates are being developed, it is extremely important to analyze po-
tential and current gaps in the curricula. This talk will review the methodology 
and process for closing the remaining gaps in mineral resource education.

The Positive Side Effects of Mining: Regional Innovation 
and Advanced Human Capital
R. Lagos², M. Risso¹ and P. Alvarez3; 1Mining and Geological Engineering, 
The University of Arizona, Tucson, AZ; 2Ministerio de Mineria, Santiago, 
Región Metropolitana, Chile and 3Universidad del Bio Bio, Concepcion, Bío 
Bío, Chile
The impact of the copper industry in the development of Chile’s economy in 
the past decades provides a clear example on how mining can be a game 
changer for economies based on natural resources. Nowadays, copper is 
not the only valuable export for Chile. Recent data shows that skilled mining 
crews and know-how to are becoming relevant exports for countries such as 
Australia, Chile, and Peru. These byproducts also represent valuable pillars 
for mining innovation. We present here a strategy for the creation of a mine 
innovation ecosystem sustained in synergies between existing mining pro-
viders, industry, government and academia.
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Introductions

A Python-Based Tablet Interface for Moon Mining 
Operations
V. Tenorio and J. Nickels; Mining and Geological Engineering, University of 
Arizona, Tucson, AZ
One key requirement for managing mine operations on the Moon is having 
total flexibility for quick decision making, whether this occurs at the working 
site, from a nearby supervisory post, or a remote location. Specially rugge-
dized tablets conceived to work in a wireless network at extreme conditions, 
such as zero atmosphere, radiation, and drastic changes of temperature, 
will have a simple yet consistent layout for production follow up, equipment 
tracking, enhanced visualization, communications, maps, and tele-operation. 
Python has become an adequate software to build interfaces, backed with 
an ad hoc system architecture. A comprehensive review of menu features 
is presented.

Infrared and Full-Spectrum Photographic Approach 
to Downhole Resource Estimation of Water Ice in 
Permanently Shaded Lunar Regolith
K. Brown Requist and V. Tenorio; Mining and Geological Engineering, The 
University of Arizona College of Engineering, Tucson, AZ
As the mining industry begins efforts to examine the feasibility of extrater-
restrial resource utilization, the extraction and processing of icy regolith con-
taining water and other volatile materials will be the initial focus for future 
expansion of capabilities. Pure water is essential for human consumption, 
and also a source of oxygen and hydrogen. The latter, along with the volatile 
materials, lend themselves to the creation of fuels that may be used for 
further space exploration at distances not currently feasible. For any extra-
terrestrial scoping project, the transport of materials to geoscientists remains 
virtually impossible; therefore analysis must be done in-situ, possibly millions 
of miles away from the nearest human. To address the need for geologic 
resource estimation in the absence of geoscientists, an infrared framework 
has been developed for the analysis of water ice content in simulants of 
permanently shaded lunar regolith. This framework relies on a convolutional 
neural network model for the rapid analysis of percent water ice content in 
samples, at which point standard geostatistical methods may be employed.

Combining Solar Panels and Kilopower Reactors as Energy 
Sources for Starting Mining Operations at the South Pole 
of the Moon
P. López Vidaurre, V. Tenorio and G. Gill; The University of Arizona, Tucson, AZ
The power requirements for mining operations planned in the Permanent 
Shadow Regions (PSR) on the Moon has become a critical issue from the 
beginning. Besides the limited exposure to sunlight near the South Pole, 
there is total darkness during the Lunar night. Kilopower, a nuclear experi-
mental technology considered by NASA for producing electricity for the mine, 
habitats, and regolith processing, can cover other key needs such as heat-
ing, greenhouses, and illumination. The general design will include power 
requirements for excavation equipment, habitat, and transportation from the 
Extraction Site to the Delivery Site for 10,000 tons of icy regolith per year.

Mining on the Moon: Technical Challenges and Key 
Technologies
I. King, K. Zacny, D. Bergman, H. Williams and K. Bywaters; Engineering, 
Honeybee Robotics Spacecraft Mechanisms Corp, New York, NY
NASA’s renewed focus on the Moon has created a demand for novel lunar 
excavation tools. Characterizing and utilizing lunar resources presents a cost- 
effective and reliable alternative to launch from Earth that is especially com-
pelling when considering human missions like those planned under the Arte-
mis program. Limited drilling from the Apollo era uncovered many technical 
challenges associated with the harsh vacuum, temperature, radiation, and 
dust environment. Honeybee Robotics has leveraged this space heritage and 
existing terrestrial expertise to develop innovative excavation technologies for 
use in scientific, prospecting, and commercial contexts. Different resources 
and locations on the Moon call for the use of different extraction methods, 
and Honeybee has developed core competencies in the areas of pneumatic, 
coiled tubing, and rotary percussive drilling. Many of these will be demon-
strated on the Moon in the next five years on technology demonstration 
and science missions. This presentation will summarize Honeybee’s novel 
resource extraction technologies, their lunar applications, and the lessons 
learned in their development.

Technology Transfer Opportunities Between Mining and 
Space Industries
S. Saydam¹ and A. Dempster²; ¹School of Minerals and Energy Resources 
Engineering, University of New South Wales, Sydney, NSW, Australia and 
2University of New South Wales Australian Centre for Space Engineering 
Research, Sydney, NSW, Australia
Drivers promoting off-earth mining are a wealth of valuable resources that 
can support sustaining our technologically driven society, the passion and 
demand of discovering new areas to colonise, and the potential for devel-
oping new technologies and processes to enable these missions to create 
spin-off technologies for terrestrial operations. Many scientists agree that 
opportunities will include the mining of off-earth bodies which represent the 
most distant supplies of wealth that humanity has ever considered recover-
ing. The uncertainties and challenges are substantial and must be overcome 
to develop the required knowledge. Combining skills of mining operations 
and space missions will be essential to successfully achieve mining beyond 
earth and engineers will require different and/or new skills. Therefore, devel-
oping collaboration between academia, research institutions, governments 
and space and mining industries is a must to establish our future. This paper 
will identify critical technologies for both mining and space industries. It will 
highlight the necessity of technology transfer between the two industries and 
provide drivers and impediments for the technology transfer.

WEDNESDAY, MARCH 1
AFTERNOON

MPD: COMMINUTION II - GRINDING PROCESS 
CONTROL: PANEL DISCUSION
2:00 PM 
Chairs: J. Wickens, McClelland Labs, Sparks, NV 
O. Arafat, Metcom Technologies, Hamilton, ON, Canada

Introductions

2:00 PM
A Panel Discussion on Grinding Process Control
M. Larson; Molycop, Ewen, MI
Join us for a discussion about grinding circuit advanced process control. Our 
panel of operators, suppliers and consultants will examine past practices 
that shouldn’t be forgotten, the current state of the art, and what we can 
realistically expect in the future as it pertains to grinding control systems.
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WEDNESDAY, MARCH 1
AFTERNOON

MPD: FLOTATION: FUNDAMENTALS OF 
FLOTATION
2:00 PM 
Chairs: R. Dube, Metso Outotec USA Inc, Centennial, CO 
W. Zhang, Virginia Tech, Blacksburg, KY

Introductions

The Impact of Non-sulfide Gangue Minerals on Pulp 
Viscosity and Flotation Performance in a Polymetallic Ore 
System
S. Guo¹, D. Nagaraj¹, R. Farinato1, E. Arinaitwe² and S. Zhang¹; 1Earth 
and Environmental Engineering, Columbia University, New York, NY and 
2Technology Solutions, Cytec Industries Inc, Woodland Park, NJ
Exploratory laboratory flotation tests on a low-grade polymetallic ore from 
South America indicated that the ground pulp was highly viscous, difficult to 
discharge, and that this negatively affected froth zone characteristics. This 
resulted in high concentrate mass in a rougher-scavenger circuit as well as 
low metal grades in the concentrates. Based on preliminary analysis of ore 
composition, several non-sulfide minerals were suspected to be responsi-
ble for the detrimental effects. The aim of this study is to investigate the 
influence of non-sulfide gangue (NSG) minerals on pulp viscosity and flota-
tion performance (metal recovery, concentrate grade, and flotation rates) by 
conducting mineralogical analysis, batch flotation tests, pulp sedimentation 
tests, and pulp rheology measurements. Another important aim is to evaluate 
whether certain selected modifiers can mitigate the adverse effects of poten-
tial problematic NSG without resorting to pulp dilution.

Surface Exposure of Sulfide Grains in Kensington Ore 
Particles Studied by Micro-XCT for Analysis of Flotation 
Efficiency
A. Erskine¹, J. Jin¹, C. Lin¹, J. Miller¹ and S. Wang²; 1Materials Science and 
Engineering, The University of Utah, Salt Lake City, UT and 2Coeur Mining, 
Chicago, IL
The liberation and exposure of valuable mineral grains in ore particles are of 
significant importance in understanding the efficiency of flotation separation. 
A flotation feed sample from the Kensington concentrator was scanned by 
Micro X-ray Computed Tomography (Micro-XCT), to determine the liberation 
and exposure of pyrite grains. A theoretical flotation recovery of pyrite for 
each particle size range was predicted by 3D characterization, and the re-
sults compared with the plant performance. The plant flotation tail was also 
characterized by Micro-XCT to identify liberated pyrite particles that were not 
collected into the concentrate. Bench scale flotation tests were conducted 
on the same ore type to provide operation parameters for improved gold 
recovery, which were then implemented in the plant. This study showcases 
improved operation of the concentrator using advanced 3D characterization 
of ore particles.

Development of a High-Rate Flotation Process for Fine 
Particles Separation
M. Gupta¹, K. Huang² and R. Yoon²; ¹Chemical Engineering, Virginia 
Polytechnic Institute and State University, Blacksburg, VA and 2Mining and 
Minerals Engineering, Virginia Polytechnic Institute and State University, 
Blacksburg, VA
Fine particle flotation is difficult due to the low probability of collision and low 
inertia. We have developed a high-rate flotation (HRF) process, in which fine 
particles are contacted with a swarm of microbubbles in a shear field with 
high velocity gradients and the bubble-particle aggregates are separated 
from unattached particles in a centrifugal force field. The laboratory-scale 
flotation tests conducted on low-grade copper ore samples show promising 
results with less than 1 second residence times. Financial benefits of using 
the HRF process will be discussed on the basis of a computer simulator that 
can predict both recovery and grade.

Relationship Between Frother, Gas Dispersion and 
Performance in the Concorde CellTM in the Flotation of 
Fines and Ultrafines
N. Kupka², B. Tunc¹, F. Arnout¹, R. Grau1 and A. Yáñez2; 1Metso Outotec 
Research Center, Pori, Finland and ²Metso Outotec Oyj, Espoo, Uusimaa, 
Finland
The Concorde Cell was developed with the specific challenge of recovering 
fine to ultrafine particles in mind. With its shockwave-induced high shear-
rate and fine bubbles, the Concorde Cell provides a very favourable environ-
ment to the recovery of these particles. This article presents the relationship 
between frother, gas dispersion and performance within the Concorde Cell 
in two-phase (water-air) and three-phase (water-air-particles) environments. 
Various frothers at different dosages and associated to different froth depths 
are investigated, determining their impact on gas dispersion parameters 
such as bubble size, superficial gas velocity or gas holdup. Related mechani-
cal and metallurgical performance of the Concorde Cell is analyzed.

Understanding Performance: A Comparison of Forced-Air 
and Self-Aspirated Mechanical Flotation Machines
J. Bowden and D. Lelinski; Mining R&D, FLSmidth, Bethlehem, PA
FLSmidth has two mechanical flotation product lines: the WEMCO which 
is self-aspirated and the NextSTEP which is externally aerated (forced-air). 
Thousands of these machines have been installed throughout the world 
and both are effective at concentrating hydrophobic minerals, but each has 
unique benefits in operation. The obvious differences between these (air in-
troduction mechanism, rotor position, power consumption) are well known, 
but the detailed differences in performance and mechanism understanding 
are still being studied. Previous studies have compared the kinetics of the 
WEMCO and NextSTEP using batch tests, but this research used 4 lab cells 
in series with continuous feed flow to increase the retention times and sam-
ple steady state process conditions. This testing, performed using copper 
ore from a North American concentrator, will evaluate differences between 
machines with reference to hydrodynamic considerations, attachment rates, 
froth differences, and particle properties such as size and liberation char-
acteristics. Detailed study of the metallurgical properties of the separation 
process a deeper understanding of the performance characteristics of these 
two machines.
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WEDNESDAY, MARCH 1
AFTERNOON

MPD: PHYSICAL SEPARATION II (MOBILE/EXHIBIT 
HALL)
2:00 PM
Chairs: A. Cavendor, Weir Minerals, Reno, NV 
J. Alves, The Pennsylvania State University, University Park, PA

MPD PATRICK TAYLOR HONORARY SYMPOSIUM: 
CHEMICAL PROCESSING: INNOVATIVE 
EXTRACTIVE PROCESSING FOR RARE EARTH 
MATERIALS
2:00 PM
Chairs: X. Yang, University of Utah, Salt Lake City, UT 
Z. Cicek, West Virginia University, Morgantown, WV

Introductions

Selective Recovery of High-Grade Rare Earth, Al, and Co-
Mn from Acid Mine Drainage Treatment Sludge Material
B. Vaziri Hassas, Y. Shekarian, M. Rezaee and S. Pisupati; Energy and 
Minerals Engineering, Penn State, State college, PA
Rare earth elements (REEs) and critical elements (CEs) have been in the 
spotlight recently due to their vital role in high-tech applications and green 
energy initiatives. Due to the scarcity of resources, there has been growing 
interest in the recovery of these elements from secondary resources, among 
which, acid mine drainage (AMD) and associated sludge materials have been 
found to be viable sources of REEs, Al, Co, and Mn. A novel purification 
process based on a previously developed 3-stage AMD treatment process 
was designed to recover high-grade Al, REE, Co, and Mn products from the 
sludge materials through aqueous processing with multiple cleaner steps 
and precise control of the process parameters. The final products of the 
three stages of this purification process are boehmite and dawsonite in Stage 
I, adamsite-(REE) in Stage II, and cobalt oxide and ramsdellite in Stage III.  
Recoveries of >99% for the target elements were achieved with the design 
of a recycling load. Through the proposed purification process, 92.8% alu-
minum minerals in Stage I, 88.5% mixed-REE-carbonate in Stage II, 68% 
ramsdellite, and 6.9% cobalt oxide in Stage III were produced.

Parametric Study of an Acid Baking Process for Rare Earth 
Element Recovery From a Low-Grade Bituminous-Coal 
Source
A. Nawab¹, X. Yang² and R. Honaker¹; ¹Mining Engineering, University 
of Kentucky, Lexington, KY and ²Department of Materials Science and 
Engineering, The University of Utah College of Mines and Earth Sciences, 
Salt Lake City, UT
Acid baking treatment of monazite and xenotime is widely used to extract 
rare earth elements (REEs). As such, a parametric study was conducted to 
evaluate the impact of significant parameters in the acid-baking of a low-
grade REE coal source. The parameters studied in the Box-Behnken statis-
tical design were acid baking time, acid concentration, baking temperature, 
and acid: coal ratio. The resultant model indicated that all the investigated 
factors significantly influenced the REE recovery. The results showed that an 
increase in baking temperature improved the total-REE (TREE) recovery by 
>60% compared to raw coal leaching. The reaction between sulfuric acid 
and REE-containing minerals was determined to be fast with 65% TREEs 
recovered within the first 10 minutes. Similarly, the acid concentration and 
acid: coal ratio also improved the REE recovery. This was concluded to be 
due to the higher H+ concentration in the reaction system. Interestingly, the 
LREE recovery maximized to 72% at 0.8:1 acid to coal ratio, with no im-
provement in the recovery with a further increase in the acid content. The 
results from this study will be discussed in detail in the presentation.

Recovery of Rare Earth Element from Acid Mine Drainage 
Using Organo-Phosphorus Extractants and Ionic Liquids
T. Larochelle and A. Noble; Mining Engineering, Virginia Polytechnic 
Institute and State University, Blacksburg, VA
Acid mine drainage is a legacy environmental issue and one of the largest 
pollutants in many mining districts throughout the world. Its permanent gen-
eration coupled with high acidity and toxic metals loading is detrimental for 
the watersheds in which it flows. As such, mines are obligated to treat the 
water prior to discharge back to the environment. Our team has developed 
a process for the recovery of critical materials, including the rare earth ele-
ments, from acid mine drainage using a preconcentration step followed by 
solvent extraction as a concentration and purification technology. As part 
of the downstream technology development efforts, we have synthesized 
a suite of ionic liquid extractants that facilitate greater separation factors 
leading to lower capital costs and reduced environmental impacts. This arti-
cle provides a comparison of the conventional extractants D2EHPA, EHEHPA 
and C572 with their respective ionic liquids [P66614][D2EHP], [P66614]
[EHEHPA] and [P66614][C572] for the recovery of rare earth elements from 
acid mine drainage.

Process Development for Recovering Rare Earth Elements 
from Acid Mine Drainage (AMD) Treatment Byproducts
Z. Cicek, A. Agudelo and Q. Huang; Mining Engineering, West Virginia 
University, Morgantown, WV
A new treatment strategy for AMD treatment byproducts is under develop-
ment, which aims to turn a mine waste that imposes severe environmental 
risks into a feedstock of strategic, critical elements, including rare earth el-
ements (REEs). The main challenge facing AMD sludge processing was the 
presence of significant impurities, such as aluminum, iron, magnesium, cal-
cium, and silicon, compared to a low REE content. Various approaches have 
been investigated to remove the main impurities while selectively extracting 
REEs, including oxidation&precipitation, iron reduction, and using an organic 
phase modifier. The final process selected for REE extraction consists of sul-
furic acid leaching, hydrogen peroxide oxidation, selective precipitation at pH 
3.5, solvent extraction with 0.5 M DEHPA, scrubbing (0.3 M HCl) followed by 
stripping (6 M HCl), oxalic acid precipitation, roasting, and calcium wash. As 
a result of the developed process, a rare earth oxide (REO) with a REE grade 
of up to 66 wt% has been produced. Ongoing process optimization efforts 
are expected further to improve the grade of the final REO product, potential-
ly leading to the development of a new AMD treatment strategy.

A Review on Innovative Extraction of Rare Earth Elements 
From Primary and Secondary Resources Using Bioleaching 
Approach
E. Owusu-Fordjour and X. Yang; Materials Science and Engineering, The 
University of Utah College of Engineering, Salt Lake City, UT
Bioleaching has attracted more attention among researchers and become 
the new frontier for Rare Earth Elements (REEs) extraction by using microor-
ganisms as the means to initiate and advance mineral and metal dissolution 
in aqueous media. Compared to other methods of mineral extraction such 
as pyrometallurgy, hydrometallurgy, and electrometallurgy, bioleaching has 
the potential to be more eco-friendly and economically feasible. This review 
paper seeks to summarize and explain the nature of bioleaching of REEs 
from different resources, considering the factors that influence bioleaching 
operation, illuminate the great prospect that exists for bioleaching processes 
such as manipulation of microorganism genomes for harsh conditions and 
the combined effect of bioleaching and electrochemistry for a more selective 
REEs extraction. Attention will also be given to the efficiency of bioleaching, 
the limitation, and challenges that affect bioleaching operation at the indus-
trial scale, such as the effectiveness (activeness) of the microorganism under 
a more complex reaction condition. Recommended solutions will also be 
provided to help mitigate the industrial challenges.
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Development of a Hydrometallurgical Process for the 
Extraction of Cobalt, Manganese, and Nickel From Acid 
Mine Drainage Treatment By-Product
A. Agudelo and Q. Huang; Department of Mining Engineering, West Virginia 
University, Morgantown, WV
Driven by the ever-increasing demand for critical minerals (CMs) and the 
need to diversify their supply chains, extensive research efforts have been 
devoted to extracting CMs from various secondary sources, among which 
acid mine drainage and its treatment byproducts proved to be a viable 
source. Characterization studies of different AMD and sludge materials in-
dicate the occurrence of CMs containing rare earth elements (REEs), cobalt, 
manganese, nickel, zinc, etc. In this context, our research aimed to develop 
an optimized hydrometallurgical process for extracting multiple individual 
CM concentrates, including cobalt, manganese, and nickel, from acid mine 
drainage treatment byproducts. The feedstock used throughout is an REE 
solvent extraction raffinate loaded with cobalt, manganese, and nickel, as 
well as impurity metals such as aluminum, magnesium, calcium, and iron. A 
hydrometallurgical process under development at the laboratory scale con-
sists of oxidization & precipitation, multiple stages of solvent extraction, and 
selective precipitation to produce Co, Mn, and Zn concentrates.

Rong Yu Wan Ph.D. Dissertation Scholarship Recipient 
Presentation: Evaluation of Various Separation Techniques 
for the Removal of Actinides from a Rare Earth-containing 
Solution Generated from Coarse Coal Refuse
D. Talan and Q. Huang; Mining Engineering, West Virginia University, 
Morgantown, WV
Rare earth elements have emerged as a vital commodity and were deemed 
critical due to potential scarcity, supply constraints, and the lack of minable 
concentrations. Alternative sources are needed to meet the demand and 
continue manufacturing rare earth-required products. However, toxic ele-
ments such as thorium and uranium are frequently seen in the same min-
eralization as rare earths. Consequently, there is an urgent need to remove 
these radionuclides to produce high-purity rare earths, diversify its supply 
chain, and maintain an environmentally favorable extraction process for the 
surroundings. In this study, a process flowsheet was developed to remove 
thorium and uranium from rare earth elements when coarse coal refuse 
was utilized as a non-traditional feedstock. Selective precipitation, solvent 
extraction, and adsorption were applied to extract rare earths while mini-
mizing the non-selective recovery of thorium and uranium into the product 
stream. This presentation will discuss the experimental results and review 
the fundamental aspect of the separation processes.


