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TUESDAY APRIL 26TH

PLENARY SESSION

8:00 – 8:15 AM
Welcome

8:15 – 9:00 AM 
PLENARY KEYNOTE 1
Flexibility in Design; Developing the Talent, Technology, and Solutions for Tomorrow 
at PT Freeport Indonesia
Matthew Sullivan, PT Freeport Indonesia
As the world transitions to an electrified future and the economic status of billions is lifted, a significant 
increase in the consumption of mined materials is all but certain. For the industry to meet these growing 
needs, a natural transition will occur that results in deep, massive, low-grade orebodies becoming eco-
nomically viable and crucial to meeting growing global demand.  The increasing depth of future mines will 
result in an exponential increase in challenges faced to safely extract the targeted minerals. One of the 
more significant challenges will be managing the substantial increase in stresses associated with deep 
mass mining methods and the resultant seismicity and rock bursting. Managing these increasing risks 
will require an evolution in the way the industry conducts its business beyond using past experiences as 
a predictor of future outcomes. We will need to develop new technologies and solutions that help practi-
tioners develop an understanding of what mine-specific drivers and levers can be controlled to lower and 
eliminate seismic risk.  Such solutions will come from collaboration between academia, service providers, 
consultants, and mining companies. Universities will have to better educate students on how to critically 
think about problems and create solutions from disparate data. Service providers will need to produce 
tools and products that are not just data creators but information providers; we don’t need more unused 
data! Consultants will need to provide solutions and guidance that are not simply rewashed ideas of the 
past, focused on only the problem as defined in the scope of work. Most importantly, mining companies 
need to be open, transparent, and share ideas with each other so industry needs are clear. PT Freeport 
Indonesia’s DMLZ mine is one of a few mines at the leading edge of this change to deep massive caves 
and has experienced significant difficulties driven by seismicity. The DMLZ is in the process of successfully 
managing through these difficulties and offers numerous initial insights of what will be required in the 
future to be successful as the challenges increase. It has taken the efforts of numerous consultants, ven-
dors, universities as well as management committed to driving change and fostering an atmosphere that 
recognizes problems in both the short and long term, empowering people to change course. This paper is 
a case study in some of the problems faced by the DMLZ, how these problems are managed, and what 
changes the mining industry will need to embrace to make future mines successful. 

9:00 – 9:45 AM
PLENARY KEYNOTE 2
Applied Seismic Monitoring for Decision Making in Deep Hard Rock Mines
Brad Simser, Principal Ground Control Engineer, Glencore Sudbury Integrated Nickel Operations
Several case histories from Glencore’s Sudbury Operations show how passive seismic monitoring data is 
used for geotechnical decision making.  The data comes from three different seismic arrays monitor-ing two 
open stoping deposits, and a narrow vein cut and fill/blasthole operation.  Mining depths range between 1000 
to 1680m below surface.  The deposits are hosted in hard igneous rocks typical of the Sudbury basin, with 
characteristically high horizontal stress (approximately 1.8 times the depth of over-burden).  Rockbursting 
is the main geotechnical risk, due to the strong brittle nature of the rock and local high mining extraction.

9:45 – 9:50 AM
Additional Welcome
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9:50 – 10:25 AM
Coffee Break
 
10:25 AM – 12:30 PM 

SESSION 1: MANAGEMENT AND CONTROL

10:25 AM
2223 
Single Impact Dynamic Test of a Ground Support System with a High-tensile Steel 
Wire Mesh at the Walenstadt Testing Facility
Exequiel Marambio; Advanced Mining Technology Center - University of Chile, Santiago, Region 
Metropolitana, Chile, Javier Vallejos; Advanced Mining Technology Center - University of Chile, Santiago, 
Region Metropolitana, Chile,  Lorena Burgos; Advanced Mining Technology Center - University of Chile, 
Santiago, Region Metropolitana, Chile, Rico Brandle; Geobrugg Switzerland, Romanshorn, Turgovia, 
Switzerland, German Fischer; Geobrugg Andina, Santiago, Region Metropolitana, Chile, Gabriel Von Rick-
enbach; Geobrugg Andina, Santiago, Region Metropolitana, Chile, and D. Cuello, University of Chile, Chile
Ground support systems must provide safe and effective designs for underground excavations under high 
stress conditions. These systems must be capable to resist dynamic impacts and yielding during the load-
ing process. In this context dynamic testing of the reinforcement and retaining elements that compose the 
ground support system are required to study and improve the behaviour of these elements under dynamic 
load events. During the last years, Geobrugg has been working on the improvement of retaining products by 
testing them in a large-scale impact test facility located at Walenstadt, Switzerland. The test facility is com-
posed of a double level platform with a square-shaped pyramidal trunk geometry, in the upper level housing 
a loading mass that drop from a height up to 5m. The loading mass is guided by one central steel pipe, and 
the impact occurs in the sample to be tested located at the lower level in a slab with an area of 3.6m × 3.6m 
where the ground support system is installed. During the last years, this innovative facility has been used to 
test several configurations of ground support systems. The results of these tests have enabled to improve 
the understating of the behaviour of ground support systems under dynamic loads. In this manuscript, the 
arrangement, measurement, results, and the preliminary analysis of a single impact dynamic test performed 
during 2021 of a ground support system with a high-tensile steel wire mesh MINAX 80-4.6 is presented.

10:50 AM
2224 
Double Impact Dynamic Test of a Ground Support System: An Analysis Through the 
Newmark’s Method
M Fuentealba, JA Vallejos,  E Marambio, and L Burgos University of Chile, Chile and R Brändle, R Luis 
Fonseca, G von Rickenbach, G Fischer Geobrugg, Switzerland, and D. Cuello, University of Chile, Chile
In underground excavations under high stress conditions ground support systems must provide safe and 
effective response to dynamic events. These systems must be capable to resist dynamic impacts and 
yielding during the loading process. In this context dynamic testing of the reinforcement and retaining 
elements that compose the ground support system are required to study and improve the behavior of 
these elements under dynamic load events. During the last years, Geobrugg has been working on the 
im-provement of retaining products by testing them in a large-scale impact test facility located at Walen-
stadt, Switzerland. The test facility is composed of a double level platform with a square-shaped pyramidal 
trunk geometry, in the upper level housing a loading mass that drop from a height up to 5m. The loading 
mass is guided by one central steel pipe, and the impact occurs in the sample to be tested located at the 
lower level in a slab with an area of 3.6m × 3.6m where the ground support system is installed. During the 
last years, this innovative facility has been used to test several configurations of ground support systems. 
The results of these tests have enabled to improve the understating of the behaviour of ground support 
systems under dynamic loads. In this manuscript, the back analysis of a double impact dynamic test of a 
ground support system focused on the energy distribution through the Newmark’s method is presented.
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11:15 AM
2230 
Risk Management to Prevent Coal Outbursts in Room and Pillar Mining Under Deep 
Cover
Peter Zhang, Morgan Sears, Ted Klemetti, and Mark van Dyke, NIOSH, Pittsburgh, Pennsylvania, and  
Scott Wade and, Andrew McGrady; Alpha Metallurgical Resources, Inc., Julian, West Virginia
This paper presents a risk management approach for preventing coal outbursts in room-and-pillar mines. This 
approach has been practiced in many deep-cover room-and-pillar mines in Appalachia and proved effective. 
The risk management process involves risk identification, risk assessment, geologic influence mapping, risk 
mitigation, and risk communication. The primary risk factors are identified as overburden depth, roof and floor 
strength, geological anomalies, mining type, multiple-seam interaction, and panel width. The risk factors are 
quantified by rating the risk for each of the factors, and a risk management chart is created to screen the 
outburst risk for all the mining sections and to identify sections with high risk for further evaluation. Based 
on experience and case histories, stress thresholds are established to define the levels of risk for outburst. 
The pillaring plans are then adjusted to reduce the stress level if high risk is iden-tified for a mining section. 
Numerical modeling is used to evaluate elevated stress under various mining conditions. To evaluate the 
actual conditions of the area identified as high outburst risk, geologic influence mapping is conducted prior to 
and during pillar recovery to map the response of the pillars, roof and floor to mining- induced stresses. As an 
integral part of risk management, risk communication is promoted throughout the risk management process 
that involves all the stakeholders including management, techni-cal and safety personnel, and miners. A case 
study is given to demonstrate the risk management process.

11:40 AM
2285 
Measuring the Impact of Hydraulic Fracturing in DMLZ Underground Mine through 
Shear Wave Splitting
Septian Prahastudhi; PT Freeport Indonesia, Sidoarjo, Jawa Timur, Indonesia, Matthew Sullivan; PT 
Freeport Indonesia, Timika, Papua, Indonesia
The Deep Mill Level Zone (DMLZ) mine is currently one of the deepest block cave mines in the world. The 
rock mass is heavily veined, with little to no joints, and faults usually are healed, cohesive structures, lead-
ing to difficult cave-mining conditions. The caving process is improved if the rock mass contains fractures 
with sufficient density that allow it to cave by gravity as undercutting progresses. Hydraulic Fracturing (HF) 
has been used to create fractures around the cave to improve mining cave ability. A seismic monitoring 
system has been used in the DMLZ since the start of mining; and therefore, the seismic activities before, 
during and after HF have been monitored. Shear wave splitting is a process used to study the impacts of 
HF on the rock mass. This process involves the measurement of travel times from splitting shear waves 
after seismic events, as well as using this to define the anisotropy within the rock mass and subsequently 
fracture density. This paper sets out the methodology for carrying out the interpretation of the shear wave 
splitting process using seismic data from the fracked cave crown and abutments along with an overview 
of the benefits to cave mining as a result.
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12:05 PM
2330 
Insights into Practical Decisions Surrounding Hydraulic Fracturing Trials from 
Numerical Modelling
Joel Andersson; Itasca Consultant AB, Stockholm, Stockholm, Sweden, Jessa Vatcher; Itasca Consultants 
AB, Luleå, Luleå, Sweden, Bruno Figueuredo; Itasca Consultants AB, Stockholm, Stockholm, Sweden, 
Jonny Sjöberg; Itasca Consultants AB, Luleå, Luleå, Sweden, Ulf B Andersson; Luossavaara-Kiirunavaara 
Aktiebolag (LKAB), Kiruna, Kiruna, Sweden, Christina Dahnér-Lindkvist; Luossavaara-Kiirunavaara 
Aktie-bolag (LKAB), Kiruna, Kiruna, Sweden
Hydraulic fracturing to precondition the rock mass in high seismic risk environments has great potential. 
Unfortunately, there are many unanswered questions about how to best implement a hydraulic fracturing 
program at individual mine sites, and even how to best use our engineering tools to evaluate these plans. 
To give the hydraulic fracturing field tests at LKAB’s Kiirunavaara Mine the best chance of success, ful-
ly- coupled, discontinuum numerical modelling Itasca’s 3DEC code was used together with a statistical 
simulations of the fracture network. For modelling purposes, it was assumed that hydraulic fracturing suc-
cessfully reduces seismic risk through 1) the creation of hydraulic fractures along a plane at each injection 
site, and 2) activation of existing discontinuities. A variety of scenarios for the mine were evaluated, which 
focused on site specific uncertainties (such as the spacing of the discontinuities) and practical solutions 
(such as the hydraulic fracture spacing, selection of injection medium, and hydraulic fracture site location 
relative to production).
 
10:25 AM – 12:30 PM 

SESSION 2: SEISMIC MONITORING AND DATA ANALYSIS

10:25 AM
2215 
Quantitative Correlation of Production and Seismic Response at PTFI Grasberg 
DMLZ and GBC Block Caves
Willem de Beer; ESG Solutions, Wishart, Queensland, Australia, Lindsay Smith-Boughner; ESG Canada, 
Kingston, Ontario, Canada, Wieda Azani; PT Freeport Indonesia, Tembagapura, Papua, Indonesia, Alex-
an-der Tarigan; PT Freeport Indonesia, Tembagapura, Papua, Indonesia
In block caving, the rates and sequencing of undercut production blasting, drawbell blasting, and muck-
ing are the key levers for attempting to manage cave performance. Cave performance encompasses a 
range of factors, which include growth, shape and the effect of the cave on the abutments, excavations, 
geological structures and lithology. We compare production data in several panels in the Grasberg DMLZ 
and GBC block caves with the seismic response in work areas, around geological structures, and in 
geo-technical domains. These comparisons enable evidence-based conceptualising of the effect of pro-
duction rates and mine layouts. By also considering the correlation of seismic release rates in different 
parts of the rock mass, the wider influence of a cave can be gauged through considering possible stress 
and / or deformation transfer.
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10:50 AM
2218 
Ground Control Investigations using a Microseismic Monitoring System in a 
Multiple-Level Underground Limestone Mine
Vasu Gangrade; NIOSH, Pittsburgh, Pennsylvania, Brent Slaker; NIOSH, Pittsburgh, Pennsylvania, United 
States, Mark Van Dyke; NIOSH, Pittsburgh, Pennsylvania, Michael Murphy; (NIOSH), Pittsburgh, Pennsylva-
nia, Dave Collins; ESG Solutions, Kingston, On, Canada, Erin Forbes; ESG Solutions, Kingston, On, Canada
To improve the overall understanding of ground control in multiple level mines, a microseismic monitoring 
system has been installed at a multi-level underground stone mine in Tennessee with up to a 243- m 
overburden and a 7-m interburden thickness between levels. This paper discusses 11 months of data 
col-lection, which comprises over 1,000 high-confidence microseismic events that have been located 
in the study area comprised of post-blast activity. The event locations were identified using a 3D-velocity 
model, with an average 4-m location accuracy for this array calculated using the system data. The opti-
mized 3DVM improved the median location accuracy by 35% (4.1-m versus 6.3-m) in comparison to the 
single VM. The paper discusses the development of this 3DVM. 

11:15 AM
2225 
Epicenter Accuracy for Seismic Events Recorded on the LUMINEOS Network in 
Legnica-Głogów CopperDistrict, Poland
Jakub Kokowski; Institute of Geophysics, Polish Academy of Sciences, Warszawa, Mazowieckie, Poland, 
Łukasz Rudzinski; Institute of Geophysics, Polish Academy of Sciences, Warszawa, Mazowieckie, Poland, 
Taghi Shirzad; Institute of Geophysics, Polish Academy of Sciences, Warszawa, Mazowieckie, Poland
The LUMINEOS network was established in 2013 to monitor mining induced seismicity in Legnica-Głogów 
Copper District (LGCD) located in south-western Poland. Since the starting time the network was improved 
and today consists of 17 seismometers and 10 accelerometers. Up to now the strongest recorded earth-
quake in the region had M4.0. During the last 7 years the network improvements gave us a possibility 
to increase location accuracy for shallow mining events. This accuracy is influenced by factors such as 
configuration of seismic stations, noise level at seismic stations and influence of velocity model. Here we 
encountered two main issues which are worth to discuss. The first one is the low detection threshold of 
two seismic stations and their significant impact on the location errors. The second one is the large un-cer-
tainty in the S-wave picking. Even though S- waves are not so clearly visible on seismograms, they are very 
helpful in estimation of source location and strength of seismic events in the region.

11:40 PM
2258 
A Field Trial of Distributed Optic Fiber Sensing Technique for Longwall Caving Mapping
Xun Luo; CSIRO, Brisbane, Queensland, Australia, Yi Duan; CSIRO Mineral, Brisbane, Queensland,  Australia
A field trial of by distributed optical fiber sensing (DOFS) technique was conducted at a longwall coal 
mine in Australia. This investigation was designed to assess the applicability of DOFS for microseismic 
monitor-ing in mining. The experiments used commercially available optic fiber cables, geophones and 
associated data acquisition instruments – a fiber interrogator and a seismic recorder. The fiber cable was 
deployed in a 300m deep hole and in trenches of approximately 3.5 km long on the ground surface around 
and across the longwall panel being mined. The results obtained from the experiments have shown that 
DOFS is able to acquire microseismic data with quality that is comparable to geophones. It has been prov-
en that DOFS can achieve higher spatial resolution for seismicity sensing and higher accuracy for locating 
events than a geophone network. These characteristics are particularly useful for using DOFS to monitor 
ground vibrations associated with ground caving processes and rock fracturing events induced by mining 
and civil engineering. It was also found that far more additional seismic events were recorded by the fibers 
than by the geophones. Automated data discrimination and processing methods must be developed in 
order to utilize DOFS for real-time applications.
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12:05 PM
2232 
Comparison of Microseismic Locations Scatter Reduction Methods and 
Unsupervised Machine Learning Algorithms for Automatic Detection of 
Seismogenic Structures in a Polish Hard Coal Mine
Elzbieta Węglińska; AGH University Of Science AndeTchnology, Kraków, malopolskie, Poland, Andrzej 
Leśniak; AGH University of Science and Technology, Kraków, malopolskie, Poland
We present results of applying two completely different algorithms for reducing scatter in microseismic 
location to all events recorded during mining activity on the coalface - the collapsing (proposed by Jones 
and Stewart in 1997) and condensation (proposed by Kamer in 2015). We examine how collapsing and 
condensation methods affect the automatic detection of clusters of microseismicity using density-based 
spatial clustering of application with noise algorithms. We compared structures detected by the machine 
learning algorithms in both seismic clouds first created by collapsing and second by the condensation. 
We identified structures created by mining activity and structures related to the local tectonics activated 
by mining. The presented results are essential for the prediction of future tremors induced by the mining 
operation and tectonics and thus ensuring safety in the mine.
 
12:30 – 1:40 PM
Lunch

12:45 – 1:30 PM 

INDUSTRY LUNCH KEYNOTE 1
Sponsored by Freeport-McMoRan

Challenges of Resuming the Production After a Major Seismic Event at LKAB’s 
Kiirunavaara Mine
Mirjana Boskovic, Luossavaara-Kiirunavaara AB
This paper describes actions taken in a very complex process of recovering the area that we from the 
beginning thought need to be abandon. Seismological analyses of the event on May 18, 2020 and past 
activity in the area, damage mapping, detailed studies of structures and geology, numerical modelling 
as well as engineering judgement were used as base for all our decisions how to proceed in attempt 
to restore mining of the area heavily damaged by 4.2 moment magnitude seismic event, in a safe way.

1:30 – 1:40 PM
Comments from the Committee
 
1:40 – 3:45 PM

SESSION 3: SEISMIC MONITORING AND DATA ANALYSIS

1:40 PM
2237 
The Value of Recording Small Mining-induced Microseismic Events with Examples 
from Glencore’s Nickel Rim South Mine
Tony Butler; ESG Solutions, CAMBRIDGE, Ontario, Canada, Brad Simser; Sudbury Integrated Nickel  
Operations, A Glencore Company, Falconbridge, Ontario, Canada
Safe mining practices cannot allow for an assumption that the planned secondary stopes are indeed yielded. An 
incorrect assumption can result in mining development and stoping taking place in high stress ground rather 
than the expected yielded rock mass conditions. This can result in higher levels of seismicity than expected and 
incorrect ground support recommendations in areas where workers could be exposed. Seismic monitoring is 
the mines’ premier tool to track the actual rock mass response to mining. Yielded zones have a reasonably clear 
seismic signature/pattern over time that is visible in the collected data. The ability to accurately locate small 
magnitude seismic events can help define and delineate different stages of rock mass failure. The vast majority 
of the seismic data recorded by the microseismic monitoring system is below moment magnitude (Mw) 0.0.
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2:05 PM
2243 
Nodal Seismic Deployments at Open-Pit Mines: A Case Study at the Bingham 
Canyon Mine 
Derrick Chambers and Shawn Boltz National Institute for Occupational Safety and Health, Spokane, 
Washington, and George Kevin Chapin, Rio Tinto Kennecott
Seismic monitoring is one of the few noninvasive technologies with the potential to provide sub-surface 
geomechanical information to operators of large open-pit mines. Although passive seismic data has been 
used to refine emerging failure geometries and provide advance indication of surface deformations in 
the literature, doing so reliably in an operational context is much more difficult. This is due in part to 
difficulties in estimating and interpreting source locations and parameters in complex, low-stress open-pit 
environments. Additionally, the high costs associated with implementing, operating, and maintaining deep 
borehole seismic networks, which are most commonly used to monitor large open pits, can be difficult 
to justify, especially if monitoring benefits are not readily apparent. In this study, we explore the use of a 
near-surface nodal seismic deployment, which is commonly used in oil and gas exploration, for monitoring 
open-pit mining-related seismicity on a short-term basis.

2:30 PM
2356 
Seismological Characterization of Sill Pillar Yield
Benjamin Ollila; Laurentian University, Vancouver, British Columbia, Canada, Laura Brown; Bestech, 
Sudbury, Ontario, Canada
This study used common seismological tools to analyze the extraction of highly stressed sills from two 
deep Canadian mines with the objective of characterizing the rock mass failure process and relation to 
large seismic events. The approach treated a sill pillar as mine-scale structural failure, meaning the tem-
poral, spatial and magnitude analyses scales needed to exist on a similar scale to a significant part of the 
mine. The temporal analyses scale overlapped with the entire mining sequence, included several years of 
data to establish long term change in the characteristics of rock mass failure. The spatial analyses scale 
included the rock mass surrounding a large part of the convergent mining sequence. Periods of strain 
hardening and strain softening were observed in the sills. The hardening period was characterized by a 
high rate of small events, high energy index and low apparent volume, giving an indication of high stress 
and low rock yield. 

2:55 PM
2660 
Detecting Mining Induced Seismic Sources in Drill Core
Gerhard Van Aswegen; Institue of Mine Seismology, South Africa, Somerset West, Western Cape, South 
Africa, Siyanda Mngadi; Pamodzi Group, Melrose Arch, Eastern Cape, South Africa, Rene Padilla; 
Codelco, O’Higgins, O’higgins, Chile, Chile, Peter Stonestreet; Newcrest Limited, Cadia Valley, New South 
Wales, Australia
While many mine tunnels are developed through ground that must be riddled with the sources of small 
(and larger) mining induced seismic events, recorded by the mine seismic monitoring systems, we do 
not see planar discontinuities classified as seismic sources in the geotechnical databases. Here we list 
criteria that may be useful to identify discontinuities in drill core which are dynamic slip surfaces, parts 
of mining induced seismic sources. Such shear rupture surfaces in core would generally be powdery, 
cohesionless, and rough on cm scale. Finely broken rock and rock flour may be found in the core boxes 
at the discontinu-ities. Slickensides would be soft (easily destroyed) and kinematically consistent with the 
local stress field. In some cases, a cross fabric would be present, orthogonal to the slickensides, being the 
intersections of en-echelon extension fractures, within the dynamic shear zones, with the shear zone walls.
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3:20 PM
2348 
A Machine Learning Modelling Outline for Short-term Seismic Hazard Assessment
Patrick Linzer; SRK Consulting, Sandton, Gauteng, South Africa, Lindsay Linzer; SRK Consulting and 
University of the Witwatersrand Sandton, Gauteng, South Africa
In this paper, we develop a simple logistic model for the short-term prediction of seismic events above a 
threshold magnitude from a mine’s event catalogue comprising more than a million events with 14 basic 
parameters from which a pool of over 830 derived parameters was developed, covering a series of 11 pre-
cursory time windows. The logistic model was fitted stepwise using SAS with α = 0.05 for both entry and 
acceptance. About 25 variables from the pool met the acceptance criterion. The findings were sur-prising 
in that parameters a rock engineer or seismologist would have expected to be the most significant in the 
logistic model were not; instead, it was an increase in standard deviation of the immediately-prior seismic 
magnitudes that carried the most weight, followed by the average maximum source displacement and 
median apparent volume change.

1:40 – 3:45 PM

SESSION 4: MANAGEMENT AND CONTROL

1:40 PM
2364 
Stress and Seismic Management: DMLZ’s Key Learning
Arwin Edijanto; PT. Freeport Indonesia, Bekasi, Jawa Barat, Indonesia, Nicoll Soumilena; PT. Freeport 
Indonesia, Jakarta, DKI Jakarta, Indonesia, Avesiena Primadiansyah; PT. Freeport Indonesia, Jakarta, DKI 
Jakarta, Indonesia, Ishak Degei; PT. Freeport Indonesia, Jakarta, DKI Jakarta, Indonesia, Hendri Silaen; 
PT. Freeport Indonesia, Jakarta, DKI Jakarta, Indonesia
This paper will describe how these learnings (geological, geotechnical, and mine design criteria) have 
driven changes in mine geometry, layout, and support systems. Through comprehensive monitoring and 
detailed inspections, positive changes have been seen in the ground response leading to an increase in 
footprint reliability and accelerated cave growth. The paper encapsulates the key learnings at the DMLZ 
regarding stress and seismic management and summarizes the positive improvements towards sustained 
and safe caving operations in the DMLZ.

2:05 PM
2291 
Performance of the Support System Following Multiple 3.0+ Mn Seismic Events at 
Vale’s Creighton Mine – A Case Study
Damodara Reddy Chinnasane; Vale Canada Ltd., Sudbury, Ontario, Canada, Stephanie Singarayer; Vale 
Canada Ltd., Sudbury, Ontario, Canada, Danielle Pelletier; Vale Canada Ltd., Lively, Ontario, Canada, 
Mike Yao; Vale Canada Ltd., Sudbury, Ontario, Canada
This paper reviews the seismicity over the past five years with a special emphasis on 3.0+ Mn events, 
associated mechanisms and possible triggers. An overview of the performance of the support system with 
the evolution of the dynamic support systems at Creighton Mine over the past few years is also provided. 
The findings of an in-depth analysis into a 3.6 Mn event that occurred on April 23, 2020 will be presented. 
The lessons learnt following this 3.6 Mn event and the mitigation strategies that were adopted to min-
imize and/or prevent damage due to future occurrence of large magnitude events were contributors to 
mini-mizing the damage due to subsequent 3.2 Mn, 2.7 Mn and 3.7 Mn events that occurred on January 
15, 2021. The observed damage following the January 15, 2021 events was very negligible except for 
some minor shakedown of backfill material (~1 ton) and some ore sloughage (~300 tons) within an open 
stope located close to the source location of the 3.2 Mn event.
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2:30 PM
2295 
A Tactical Ground Control Approach for Preparing Copper Cliff Mine – South Side’s 
810 OB for Continued Mining at Depth
Chris Groccia; Vale Canada Ltd., Sudbury, Ontario, Canada, Damodara Reddy Chinnasane; Vale Canada 
Ltd., Sudbury, Ontario, Canada
Vale is in the process of resuming mining in the lower 810 ore body (810 OB) below 4130L at Copper Cliff 
Mine – South Side. Production in the lower 810 OB had continued until it was temporarily ceased in 2017 
to allow for the execution of activities associated with Copper Cliff Mine Phase 1 project. While mining the 
stopes in both the lower and mid part of the 810 OB, a moderate to high seismic activity was experienced 
and resulted in rockburst occurrences. The majority of the rockburst incidents experienced in the past 
were associated with stopes mined in a bottom-up mining front under a diminishing pillar situation be-
tween 3350L and 3540L. The current mining plan is comprised of both top-down and bottom-up mining 
fronts using a center-out chevron sequence to manage induced stresses.

2:55 PM
2303 
The Limited Scope of Some Static Support Systems in the Mitigation of Rockburst 
Events
Fredy A. Elorrieta Agramonte – DCR Ingenieros SRL; David Córdova Rojas – DCR Ingenieros SRL Rico 
Brändle – Geobrugg AG, Switzerland; Roberto Luis Fonseca - Geobrugg AG, Switzerland Gabriel von 
Rickenbach – Geobrugg AG, Switzerland; and Rolando Romero – Geobrugg Andina SpA, Chile
To mitigate the rockburst damage, where the transition of the mine to an active micro-seismic environment 
begins, it is common to use the ground support systems based on available reinforcement methods as 
a quick response. Traditionally, the support systems use as a base, shotcrete reinforced with steel elec-
tro-welded wired mesh (WWM) of reduced gauges (less than or equal to 4 mm of wire diameter). This 
conventional support system is intended to control static instability problems.

This support combination is analyzed at the present paper, testing the reinforced shotcrete layer with a  
4 mm diameter of WWM under dynamic load, in a drop test facility developed for this purpose. 

3:20 PM
2312 
Selecting the ‘Right’ Rockbolts for Burst-prone Drifts
Ming Cai and Peter Kaiser; Laurentian University, Sudbury, Ontario, Canada
In this paper, we discuss the loading modes of rockbolts under static and dynamic loading conditions and 
analyze published data from laboratory and field tests. The mechanisms of energy absorption of dynamic 
rockbolts are presented and rockbolts are categorized based on factors such as energy absorption mech-
anisms, direct and in-direct energy absorption capacities, bulking control, and shearing resistance capac-
ities. Guidelines for selecting the ‘right’ rockbolts to build an effective rock support system are provided. In 
addition, design values for various rockbolts are suggested to arrive at the support system characteristics. 
Finally, a few case examples are briefly discussed to illustrate the benefits of using the most appropriate 
bolt type to arrive at optimal support system performance in burst prone ground.

3:45 – 4:10 PM
Coffee Break 
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4:10 – 5:50 PM

SESSION 5: MECHANISTIC ANALYSIS

4:10 PM
2203 
Effect of Pulse Shape and Duration on Induced Pillar Rockbursts
Jian Deng; Lakehead University, Thunder Bay, Ontario, Canada, Hehua Zhu; Tongji University, Shanghai, 
Shanghai  China Lianyang Zhang; The University of Arizona, Tucson, Arizona
Traditionally, rockbursts were classified into the strain, pillar, and fault-slip categories. However, rockbursts 
are also known to occur at stress levels well below the rock yield strength, in mines where the rock is far 
from brittle, or without the presence of geological discontinuities. It is observed that rockbursts are often 
induced by dynamic loadings (pulses) from adjacent blasting. This paper studies the effect of pulse shape 
and amplitude on pillar rockbursts induced by dynamic loadings from blasting using the method of numer-
ical analysis. The governing equation of a pillar’s motion is set up and the mechanism of pillar rockbursts 
is investigated through a practical example.

4:35 PM
2208 
Evaluation of Rockburst Hazard by Accelerated Numerical Modeling of Stressed 
State and Induced Seismicity
Liliana Rybarska-Rusinek; Rzeszow University of Technology, Rzeszów, Podkarpackie Voivodeship, 
Poland, Ewa Rejwer-Kosińska; Rzeszow University of Technology, Rzeszow, Podkarpackie Voivodeship, 
Poland, Aleksandr Linkov; Rzeszow University of Technology, Rzeszow, Podkarpackie Voivodeship, Poland
Joined modeling of stressed state and induced seismicity has become a means to join geomechanics with 
seismic observations. When applied to quantifying rockburst hazard, it provides, on one hand, estimations 
in terms of mechanics, such as stress concentration and, on the other hand, in statistical terms of the risk 
analysis developed in mining seismology. The modeling became possible due to progress in computers 
and numerical methods of analysis. However, despite tremendous increase of computational abilities, it 
is still quite time expensive. To make it available for wide use and real time simulations, there is need to 
decrease the time cost of its key stages: (i) calculation of stresses, induced by mining, and (ii) simulation of 
seismic events, caused by these stresses. The present work aims to reduce the time cost.

5:00 PM
2302 
A Study of Stress-Driven Structural Release Rockburst Mechanism
Neda Dadashzadeh; RockEng Inc., Kingston, Ontario, Canada, Kathy Kalenchuk; RockEng Inc., Kingston, 
Ontario, Canada
This paper explores a case study where a large-magnitude rockburst occurred in a mine drift located 
approximately 2000 meters below the surface, in a very strong and fairly massive rock mass. The event 
was a strong and sudden rock burst which resulted in significant floor heave roughly 4 span lengths be-
hind the advancing face. The event has been attributed to an inclined joint structure trending near-parallel 
to the excavation axis. This study examines the mechanics of the event by back analysis with continuum 
numerical simulations, using brittle constitutive models based on the concept of cohesion loss and friction 
mobilization. The model shows that by adding the joint structure to the floor, the brittle spalling behavior 
transitions into a unique combination of stress fracturing and structure slipping that lead to a complex and 
intense failure process. The stress path analysis is conducted to identify the nature of the ground failure 
response. It is observed that in the absence of a structure in the floor, the stress paths remain within mod-
erate stress levels which would lead to minor but non-violent spalling. The unfavourable orientation and 
slipping of the structure however, induces high local confinement zones and so the stress path undergoes 
a significant hardening process, before the rock mass reaches its yield strength and undergoes a rapid 
stress relaxation. A ground reaction analysis is also conducted in this study in order to assess the ability 
of the model in predicting the location of similar events along the drift axis (relative to the advancing face).
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4:10 – 5:50 PM

SESSION 6: RISK ASSESSMENT AND MITIGATION

4:10 PM
2242 
Forecasting Seismic Potential in a Longwall Coal Mine
Mark Van Dyke; NIOSH, Pittsburgh, Pennsylvania, United States, Ted Klemetti; NIOSH, Pittsburgh, Penn-
sylvania, United States, Jake Beale; Pilot Geophysical LLC, Pilot, Virginia, United States, Joe Wickline; 
Coronado Coal, Beckley, West Virginia, United States
A longwall coal mine in Virginia experienced a history of mining related seismic events. Researchers at the 
National Institute for Occupational Safety and Health (NIOSH) became involved to help understand what 
conditions precipitated these events so that future mine design could more accurately assess seismic 
hazards and reduce the risk to mine worker safety. NIOSH and mine management created a seismic 
forecasting map that combined three factors: (1) overburden thickness, (2) sandstone thickness, and (3) 
the expected caving height of the gob. The forecasting map provided an accuracy of 72%-85% of events 
1.5 ML or greater and 100% accuracy of events that were 3.0ML or greater based on historical data. 
The seismic forecasting map was applied to the entire future mining area to show areas where seismic 
potential could be the greatest based on current mine design planning, ultimately improving the ability of 
the mine operator to assess the seismic hazards surrounding active and future mining areas.

4:35 PM
2254 
Interval Estimation of Seismic Hazard Parameters for Mining Induced Seismicity
Beata Orlecka-Sikora; Institute of Geophysics Polish Academy of Sciences, Warsaw, Mazowsze, Poland, 
Stanisław Lasocki; Institute of Geophysics, Polish Academy of Sciences, Warsaw, Mazowsze, Poland
We present an algorithm to integrate the uncertainties of mean activity rate and magnitude cumulative 
distribution function in the interval estimation of the primary seismic hazard parameters: the exceed-
ance probability and the mean return period. The algorithm is applicable for both the parametric and 
nonpara-metric modeling of magnitude distribution. When the Gutenberg-Richter relation-based para-
metric model of magnitude distribution is used, the interval estimation of its parameters is based on the 
asymptotic normality of the maximum likelihood estimators. When the nonparametric kernel estimation 
of magnitude distribution is used, we apply the iterated bias-corrected and accelerated method for the 
interval estimation, based on the smoothed bootstrap and second-order bootstrap samples. Previous 
studies indicated that the uncertainty of mean activity rate significantly affects the interval estimates of 
hazard functions only when the activity rate is low and the inference period is not long (Orlecka-Sikora & 
Lasocki, 2016). With increasing mean activity rate, the uncertainty of magnitude distribution dominates 
over the uncertainty of mean activity rate in the aggregated uncertainty of the hazard functions. The pro-
vided algorithm is generic and can be applied to capture the uncertainty of any multiparameter function 
from the uncertainties of its parameters.
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5:00 PM
2276 
Development of the Seismic Trigger Action Response Plan at the Henderson Mine
Catalina Vanegas Palacio; Freeport-McMoRan, Empire, Colorado, United States, Agung Hariyadi; Free-
port-McMoRan, Empire, Colorado, United States, Nyssa Loeppke; Freeport-McMoRan, Empire, Colorado, 
United States, Neil Shea; Freeport-McMoRan, Empire, Colorado, United States, Cesar Lemas Pesqueira; 
Freeport-McMoRan, Empire, Colorado, United States
The Henderson Geomechanics team developed a trigger action response plan (TARP) for the micro-
seis-mic system to help mitigate seismic risks by establishing thresholds tailored to local conditions. 
These thresholds communicate early warnings of potential hazards and ensure workforce safety. The 
seismic thresholds were based on hazard identification and excavation vulnerability analysis. The hazard 
identification was performed using seismic data collected from January 2020 to December 2020 to find 
the event magnitudes and background activity triggers. The vulnerability analysis is obtained using the 
Excavation Vulnerability Potential (EVP), an index calculated to determine the vulnerability of rock-mass 
damage. The TARP is used as a real-time risk mitigation control through application of alert tools devel-
oped by the microseismic technology provider, resulting in reduced workforce exposure to seismic risks.

5:25 PM
2346 
Application of Different Objective Weight Methods in Rockburst Hazard Prediction
Honglue Qu; School of Geoscience and Technology, Southwest Petroleum University, Chengdu, Sichuan 
China , Honglue QU; School of Geoscience and Technology, Southwest Petroleum University, Chengdu, 
Sichuan, China Mainland, Linhan YANG; School of Geoscience and Technology, Southwest Petroleum 
University, Chengdu, Sichuan China, Jianbo Zhu; School of Civil Engineering, Tianjin University, Tianjin, 
Tianjin, China , Yong Zhang; Municipal General Contracting Department, Yunnan Construction and 
In-vestment Holding Group co. LTD, Kunming, Yunnan China, Biao LI; School of Geoscience and Technol-
ogy, Southwest Petroleum University, Chengdu, Sichuan China
Aiming at the subjective impact caused by subjective weighting method in the establishment of rockburst 
risk attribute identification and prediction model, the combined weighting method was introduced  to elim-
inate the influence of unreasonable weight of each index. Eight discriminant indexes affecting the risk of 
rockburst were selected. Through the literature research method, relevant rockburst cases were collected 
and 8 index rockburst sample sets were established. A variety of machine learning methods were used 
to analyze the feature importance of discriminant indexes in the samples, then determine the objective 
weight values of different methods. Combined with the subjective weights determined by the Analytic 
Hierarchy Process (AHP), the combination weights were successively carried out. Based on the attribute 
recognition theory, the combination weights with different objective weight methods were established to 
identify the rockburst risk attributes, and were verified by the confidence criterion. The results show that 
the objective weight value determined by the feature importance analysis of machine learning reduces 
the subjectivity of the weight of AHP method, improves the prediction accuracy, and makes the prediction 
result closer to the fact. 
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WEDNESDAY APRIL 27TH

KEYNOTE SESSION

8:00 – 8:05 AM 
Welcome

8:05 – 8:50 AM
KEYNOTE SPEAKER
Utility of Seismic Source Mechanisms in Mining
Dmitriy A. Malovichko, Institute of Mine Seismology
The general theory for the description of seismic sources is briefly discussed. The effect of excavations on 
seismic radiation is considered. Expressions for seismic source mechanisms in terms of the geomet-rical 
and mechanical parameters of source processes are provided for the following cases: fault slip and shear 
failure in a confined environment, dynamic stress fracturing around a tunnel, rock fall, landslide and 
collapse. A classification of seismic events in mines based on source mechanisms is introduced. The clas-
sification separates blast-, slip- and crush-type events. Various approaches of analysis of source mech-
anisms involving forward modelling and inversion are discussed. The following examples demon-strating 
the utilisation of source mechanisms in mining are presented: forensic analysis of damaging seismic 
events, assessment of the increase in the depth of failure for dynamic stress fracturing around tunnels 
and its duration, examination of the rockmass deformation regime, assessment of deformation around 
tunnels using crush-type events, identification and parameterisation of weak geological structures, stress 
inversion from slip-type events. Finally, the requirements for seismic data to ensure high quality source 
mechanism solutions are briefly reviewed and future challenges in the interpretation and utilisation of 
seismic source mechanisms in mines are speculated on.

8:50 – 9:25 AM
INVITED SPEAKER
Predicting Mine-Wide Seismogenic Hazard with Confidence Using Calibrated 
Numerical Models
Kathy Kalenchuk, RockEng Inc.
To develop strategic and tactical strategies to manage seismic hazard in a safe and economic manner, it is 
necessary to understand the spatial and temporal distribution of mine wide seismogenic behavior. Global 
mine-scale numerical stress modelling provides a means to forward predict seismic susceptibility thereby 
facilitating informed decision making for the development and implementation of strategic and tactical risk 
mitigation measures. To make forward predictions of hazard susceptibility using global stress models with 
reasonable confidence, it is necessary to rigorously calibrate numerical stress models to the observed 
history of ground reaction. This paper demonstrates quantifiable methods for calibrating numerical mod-
els and developing probabilistic prediction criterion using seismic data.  The appropriate applications of 
model inputs (including boundary conditions, constitutive models and material parameterization) specific 
to global mine-scale modelling are also discussed.   Lastly, this paper demonstrates how the calibration 
process adds value not only to informed decision making, but also to the improved understanding of site 
geome-chanical conditions; including enhanced identification of geotechnical domains and mechanical 
indicators required for seismic mechanism domaining.
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9:25 – 9:55 AM 
2209 
BEST PAPER PRESENTATION 
Energy and Displacement Demands Imposed on Rock Support by Strainburst 
Damage Mechanisms
P K Kaiser, Laurentian University, Sudbury, Canada and D A Malovichko, Institute for Mine Seismology 
(IMS), Hobart, Australia
Highly stressed excavations in hard brittle rock may fail by self-initiated, triggered or dynamically loaded 
strainbursts (Moss and Kaiser 2021). The low-frequency part of seismic radiation associated with strain-
bursts is described by a crush-type seismic source mechanism with a significant negative (implosive) 
isotropic component and a ‘pancake-shape’ CLVD deviatoric component. The seismic source is co-located 
with the excavation damage site. For such strainbursts, the ejection velocity is primarily related to the 
depth of strainbursting, the rock mass bulking characteristics, the duration of the bulking process, and the 
effectiveness of the support system. For dynamically loaded strainbursts, the displacement and energy 
demand may be augmented by the impact of the stress wave from a distant seismic event. This article 
describes the failure process and factors contributing to rock deformation and energy demands for support 
design. Case examples are used to demonstrate the dependence of rock displacements, rock ejection and 
energy demand on the factors described above. A seismic source model is proposed to assess the depth 
of strainbursting and the duration of the related bulking process by using seismic monitoring data. The 
implications for support design are briefly discussed.

9:55 – 10:25 AM
Coffee Break
 
10:25 AM – 12:30 PM

SESSION 7: MECHANISTIC ANALYSIS

10:25 AM
2216 
Some Thoughts on the Contributions of Seismic Waves to Rock Fracture and 
Ejection and Calculation of the Ejection Velocity in Rockburst 
Charlie C. Li; NTNU, Trondheim, Trondheim, Norway, Zong-Xian Zhang; The University of Oulu, Oulu, 
Oulu, Finland
It has been observed that the rock debris of a strain burst event are often in the mode of tensile fracture. Seis-
mic waves could create tensile fractures in the material nearby reflecting surfaces, such as at the boundary 
of the fracture zone and the rock surface of an underground space. The fractured rock could be ejected to 
the space when the seismic waves are powerful enough. The average ejection velocity of the ejected rock 
is a measure of the magnitude of a burst event. The ejection velocity is directly associated with the released 
energy from the seismic waves and with the strain energy stored in the rock prior to the burst. In some cases, 
the seismic wave induced tensile fracture and the energy conversion occur in successive moments during 
bursting. In this paper, tensile fracture caused by seismic waves is investigated through an 1D model. The 
relationship of the average ejection velocity of the ejected rock in a rockburst event is analytically established 
with the energy of the seismic waves and the strain energy stored in the rock.
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10:50 AM
2406 
Spatio Temporal Variations in Underground Mines Source Mechanism, 
Characterized by the B-Value
Juan Jarufe; Universidad de Santiago, Santaigo, Sexta region, Chile, Andres brzovic; CODELCO, 
Rancagua, Rancagua, Chile, Roberto Gonzales; CODELCO, Rancagua, Chile, Diego Diaz; CODELCO, 
Rancagua, Chile
Seismic source mechanism is usually characterized by the energy ratios Es/Ep or the moment tensor 
solution, however, these methods strongly rely on instrumental settings as sensor type and distribution 
of stations to provide reliable results. This study focuses on the determination of the source mechanism 
based on the b- value parameter, obtained from the Gutenberg-Richter relationship, which is based only 
on the magnitudes and number of events, a more robust seismic parameter.

11:15 AM
2246 
Energy Conversion in Strain Burst in Underground Hard Rock Excavation
Wenkai Wan; Norwegian University of Science and Technology (NTNU), Trondheim, Sør-Trøndelag, 
Norway, Charlie Chunlin Li; Norwegian University of Science and Technology (NTNU), Trondheim, Sør- 
Trøndelag, Norway
Strain burst can occur in underground hard rock excavation when the in-situ rock stresses are high 
enough. The prerequisite for rock burst is that the total energy released from the rock mass is higher than 
the energy needed for rock fracture. One part of the total released energy is from the burst rock itself and 
the other part comes from the surrounding rock. The part of the energy from the burst rock is constant 
per unit volume of the rock, but the part from the surrounding rock is associated with the burst volume. 
A greater amount of energy will be released from the surrounding rock when the burst involves a larger 
volume of rock. In general, the intensity of a shallow strain burst is mainly affected by the energy released 
from the burst rock, while in the case of a deep and large-scale strain burst, the energy contributed by the 
surrounding rock plays a more important role in rock ejection. The postulation for the energy conversion 
in strain burst is verified through a FLAC3D model in the paper. It is assumed that the strain burst occurs 
in a circular tunnel that is located in a hydrostatically loaded rock mass in the model. Two notches are 
created in the opposite walls of the tunnel to simulate the burst. The energies released from the notch 
rocks and from the surrounding rock are calculated after the creation of the burst notches. Strain bursts of 
different scales are simulated by changing the depth of the notches. The simulation results show that the 
percent-age of the energy released from the surrounding rock mass in the total released energy increases 
with the notch depth. The numerical modelling confirms that the postulation that the surrounding rock 
contributes more energy than the burst rock itself in large-scale strain burst.

11:40 AM
2257 
Evaluating Seismic Potential by Energy Balance Calculations in a Deep Longwall Mine
Zoheir Khademian; NIOSH, Pittsburgh, Pennsylvania,  Mark A. Van Dyke; NIOSH, Pittsburgh, Pennsylva-
nia, Joe Wickline; Coronado Global Resources Inc., Beckley, West Virginia, Wen H. Su; NIOSH, Pittsburgh, 
Pennsylvania, Gabriel S. Esterhuizen; NIOSH, Pittsburgh, Pennsylvania, Morgan M. Sears; NIOSH, 
Pittsburgh, Pennsylvania
It is commonly recognized that seismicity can be induced by rock failures or slip along geologic structures 
around mining excavations. The unpredictable nature of these events and their proximity to the working 
area may raise safety concerns in underground mining operations. Modeling can be a useful tool for 
estimating seismic potential for a given mine layout, but the challenge is to identify a seismic event and 
estimate its intensity in the model. One well-documented approach is to monitor the variation in the energy 
content of the model and record potentially damaging seismic events when there is a significant release 
of energy.
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12:05 PM
2289 
The Effect of Minor Principal Stress on the Crack Damage Stress Threshold 
Mutaz Mahmoud; The University of Queensland, Brisbane, Queensland, Australia, Mehdi Serati; The 
University of Queensland, Bisbane, Queensland, Australia, David Williams; The University of Queensland, 
Brisbane, Queensland, Australia
Deep excavations in hard rock are facing new challenges since the fracture response of hard rock at depth 
is substantially different from that of any fabricated material used in other branches of engineering. As we go 
deeper, many associated problems are encountered in rock like; high stress condition, high temperature and 
low porosity. Therefore, at deeper depth rocks behave unexpectedly mainly due to high pressure environment 
which leads to explosion-like fractures which are commonly known as stress spalling, slabbing or rock bursting. 
Despite the fact that rock bursting and spalling failure have been observed in the past 200 years and investigat-
ed by numerous researchers, still this area is a mysterious and the physics behind it is yet unknown. 

10:25 AM – 12:30 PM

SESSION 8: COMPREHENSIVE CASE HISTORIES

10:25 AM
2260 
The Roles of Lithology and Excavation in the Triggering of Seismic Repeaters in a 
Deep Mine 
Emeline Lhoumaud; University of Lorraine, Vandoeuvre les nancy, Meurthe-et-Moselle, France, Yann 
Gunzburger; Université de Lorraine – GeoRessources lab., Nancy, Meurthe-et-Moselle, France, Jannes 
Kinscher; Institut National de l’Environnement Industriel et des Risques - Ineris, Nancy, Meurthe-et-Mo-selle, 
France, Marianne Conin; Université de Lorraine – GeoRessources lab., Nancy, Meurthe-et-Moselle, France, 
Francesca De Santis; Institut National de l’Environnement Industriel et des Risques - Ineris, Nancy, Meur-
the-et-Moselle, France, Pascal Bernard; Institut De Physique Du Globe De Paris - IPGP, Paris, Paris, France
This study aims at evaluating the role of aseismic processes (and origin of seismic repeaters) at Garpen-berg 
by combining analysis of seismic and geotechnical in situ data and geomechanical modeling. In par-ticular 
we evaluate the applicability of the classical asperity-based repeater model to explain the observed repeater 
sequences and try to understand in detail the seismic-aseismic coupling mechanisms on the involved fault 
plane. Results obtained by this analysis may be potentially of value for seismic monitoring and may allow to use 
recordings of repeater sequences to measure both seismic and aseismic responses of the rock mass at once.

10:50 AM
2286 
Deep Mill Level Zone (DMLZ) Underground mine Planning Revolution, PT Freeport 
Indonesia, Papua, Indonesia
Nico Ega Nugraha; PT Freeport Indonesia, East Jakarta, DKI Jakarta, Indonesia, Rifki Bastiawarman;  PT 
Freeport Indonesia, Timika, Papua, Indonesia, Anton Priatna; PT Freeport Indonesia, Timika, Papua, Indonesia
Deep Mill Level Zone (DMLZ) is one of the underground mines operated by PT Freeport Indonesia (PTFI). 
DMLZ located approximately 1,500 m below the ground level, with dominant rock type are Skarn and 
Diorite. DMLZ mine and layout was design based on previous mine located above which is Deep Ore 
Zone (DOZ) and PTFI has never been experienced before with actively seismic mine. DOZ mine was 
proven success with reached maximum capacity 80K tonnes per day and located approximately 1,000 m 
below the ground level. During the production ramp up which started in 2015, DMLZ experienced most 
significant event in January 2018 with magnitude more than 2.0 Mw which resulted the mine to delay 
the under-cutting for 14 months until March 2019. The significant event in January 2018 made DMLZ 
done several adjustments related with the mining plan to ensure DMLZ mine can continue developed and 
achieve the target safely. Several adjustments with the mine plan related with the undercutting, develop-
ment, construction, hydrofracking schedule, and mining sequence are revisit as a response to the mine 
behaviour. This paper will describe changed in DMLZ mine plan as a response to the mine, the reason 
behind the decision being made to change the mine plan and strategy, strength and weakness between 
the previous plan compare to the new plan.
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11:15 AM
2293 
Early Experiences of Microseismic Monitoring in Kittilä Mine
Antti Pyy; Agnico Eagle Finland, Kittila Mine, Kiistala, Lappland, Finland, Véronique Falmagne; Agnico Ea-
gle Mines Limited -CSD, Rouyn-Noranda, Quebec, Canada, Stephen Meyer; Institute of Mine Seismology, 
Sudbury, Ontario, Canada
Seismic monitoring of the Rimpi area has confirmed the brittle behavior of the rock mass, with strong seis-
mic responses induced by stress changes following blasting being recorded. In addition to this expected 
behavior, a large magnitude event associated with significant damage in the footwall drive development 
100 m above the stoping was experienced. Initial investigation of the rockburst showed two separate burst 
locations with over 300 tons of displaced rock. The seismic monitoring system recorded these rockbursts 
as a single seismic event with magnitude significantly larger than the previous record. Additional analyses 
indicated a possible thrust fault event, triggering two separate strainbursts. After another fault slip event in 
footwall, it was decided to upgrade the ground support system in parts of the footwall drives to improve its 
dynamic capacity. Systematic calculation of the source mechanisms for the small footwall events down to 
Mw-2.5 has revealed potential planar structures in the footwall.
Early implementation of microseismic monitoring has provided critical information on the ground behavior 
and improved ground support planning.

11:40 AM
2300 
Managing the Development of Secondary Drawpoints in High Stress Areas at 
Goldex Mine 
Chantale Doucet; Agnico Eagle - Goldex Mine, Val-d’Or, Quebec, Canada
The occurrence of seismically active development faces was significantly reduced by applying one or a 
combination of the following three methods:

•  Advancing the secondary drawpoint development before mining the next primary stope that would 
form a high stress pillar

• Advancing the secondary drawpoint when the area is no longer under high stress conditions
• Sequencing the development advance with the stope sequence.
•  The three methods for the development sequence are presented along with the challenges and 

control measures implemented at the mine.

12:05 PM
2247 
Analysis of the Magnitude 4.2 Seismic Event on 18 May 2020 in the Kiirunavaara 
Mine, Sweden
Savka Dineva; LKAB, Lulea, Norrbotten, Sweden, Christina Dahnér-Lindkvist; LKAB, Koskullskulle, 
Nor-rbotten, Sweden, Dmitriy Malovichko; Institute of Mine Seismology, Kingston, Tasmania, Australia, 
Björn Lund; Uppsala Universit,yUPPSALA, Uppsala, Sweden, Dragomir Gospodinov; Plovdiv University 
“Paisii Hilendarski”, Faculty of Physics and Technology 4000 Plovdiv, Bulgaria 4000 Plovdiv, Bulgaria, 
Plovdiv, Plovdiv, Bulgaria, Nicola Piana Agostinetti; Department of Earth and Environment Sciences, 
Universita’ di Milano Bicocca, Milano, Lombardy, Italy
A surprisingly large mining-induced seismic event occurred in the LKAB Kiirunavaara Mine (Sweden) 
on 18 May, 2020 at 03:11 (local time). The mining sequence, the location of ore passes and the large 
geological structures were analysed to define the possible cause for the seismic event. The combined 
seismic data was used to develop and test a hypothesis for the evolution of the seismic source process. 
The model presumed that the event consisted of a several complicated processes: (1) cascading damage 
and collapses in the footwall drifts (and, possibly, in the pillars between the drifts); (2) shear failure in the 
footwall of the cave, (3) sudden convergence of hanging- and foot-wall below the cave and (4) landslide 
in the hangingwall. The seismic event was followed by a very intense aftershock process with more than 
80,000 aftershocks with -3.3 < M < 2.0 within 1500 m distance in 15 days. The RETAS model was 
applied to analyse the temporal evolution of the aftershock process, using the MOF version of RETAS for 
re-entry time considerations. The aftershock process lasted approximately two weeks. Focal mechanism 
of the aftershocks was also studied.
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12:40 – 1:40 PM
Lunch

12:45 – 1:30 PM 

LUNCH KEYNOTE 
Sponsored by Freeport-McMoRan

Rockburst in South African Deep Level Gold Mining: What do We Know?
Lourens Scheepers, Sibanye Stillwater Gold Division
Mining induced seismicity and rockbursts have been part of the deep level gold mining industry in South 
Africa for many years. Large-scale gold mining started in 1873 at Pilgrim’s Rest, but pushed to deep level 
gold mining onwards from 1904 in the Witwatersrand basin. The graph of the number of rockburst-re-lat-
ed fatal injuries over time for the South African Mining Industry indicates a significant reduction in the 
number of rockburst fatal accidents over time in the years 2003 to 2012, but also that this improvement 
is not maintained in the latter years (2012 to 2020). It can be interpreted that initial learnings in terms of 
the rockmass response to mining were transformed into actionable strategies that reduced the rockburst 
hazard, but that further improvements in rockburst-related safety require renewed and substantial effort in 
terms of research and technology to be realized. In this paper the author shares his comments in terms of 
what he learned over the years and also comment on what is still insufficiently understood. 

1:30 – 1:40 PM 
Chair’s address

1:40 – 3:20 PM

SESSION 9: MONITORING AND DATA ANALYSIS

1:40 PM
2261 
Analysis of Regional Seismic Activity Recorded in Polish Coal Mines of the Upper 
Silesian Coal Basin Against the Background of Geological and Mining Conditions in 
1995 – 2020
Grazyna Dzik; State Mining Authority, Katowice, Silesia, Poland, Adam Mirek; State Mining Authority,   
Katowice, Silesia, Poland, Krzysztof Król; State Mining Authority, Katowice, Silesia, Poland, Grazyna Dzik; 
State Mining Authority, Katowice, Silesia, Poland
The article is based on analyses of extraction value, high- energy shocks, both of mining and tec-
ton-ic-mining (so-called regional shocks) origin, against the background of changing operating conditions, 
which, as a result, creates an image of periodically changing seismic activity and location of strong shocks. 
Observation results show that, with an increase in exploitation depth and declining extraction, the number 
of strong shocks caused by tectonic stress (107 – 109 J) and exploitation stress (≥105 J) has been 
steadily increasing over the last 30 years. We are able to reduce exploitation seismic shocks by applying 
appropriate operating rules, taking into account the criteria of natural hazards, as well as rational mining 
and management of minerals and,  ultimately, by applying appropriate rockburst prevention. On the other 
hand, with regard to high energy shocks ≥ 107 J, the case is a little more complicated.
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2:05 PM
2336 
Investigation of the Source Mechanisms of Mining Induced Seismic Events at Kloof 
Gold Mine, South Africa 
Richard Masethe; Sibanyestillwater, Libanon 1780, Westonaria, Gauteng, South Africa, Raymond Durrhe-
im; University of the Witwatersrand, Johannesburg, Gauteng, South Africa, Musa Manzi; University of the 
Witwatersrand, Johannesburg, Gauteng, South Africa
An investigation into the source mechanism of mining-induced seismic activity plays a vital role in un-
der-standing the various modes of failure observed in the underground deep-level South African mining 
environment. The seismic event data for this study was captured by the mine-wide seismic system oper-
ating at Kloof Gold Mine. This system comprises 40 4.5 Hz tri-axial geophones sampling at 6 kHz installed 
at locations that surround the ore bodies. A set of 103,753 mining-related seismic events (-3<ML <2.7) 
was selected for this study. The mining depth of these seismic events ranges from 1600 – 4200 m, mostly 
located close to stopes mining the Ventersdorp Contact Reef (VCR) ore body. The main criteria used to 
select a subset of events for detailed analysis were the number of stations that recorded the event and 
the azimuthal distribution of the sensors. We analyzed the source mechanisms of 75 large mining-related 
seismic events (ML1.5 - 2.7) recorded at 20 or more sites and located within the central part of the in-
mine seismic network. These seismic events caused damage to stopes in Kloof Gold Mine. The energy ra-
diated from the analyzed seismic events ranged between 2.29 × 106 and 3.45 × 108 J, and the seismic 
moment from 5.00 x 1011 to 2.30 x 1013 Nm.

2:30 PM
2339 
Monitoring of Seismic Repeaters to Survey Seismic Hazard and Aseismic 
Movements in the Garpenberg Ore Mine, Swede
Jannes Kinscher and Francesca De Santis, Institut National de l’Environnement Industriel et des Risques 
Ineris, Nancy, France; Emeline Lhoumaud, Université de Lorraine – GeoRessources lab., Mines Nancy, 
Campus ARTEM, BP Nancy cédex, France; and Armand Lizeur and Emmanuelle Klein, Institut National de 
l’Environnement Industriel et des Risques Ineris, Nancy, France
Once the seismic and aseismic coupling processes and the geological nature linked to repeater occur-
rences are better understood, their detailed monitoring bears also opportunities to survey and quantify 
aseismic post-blast stress transfer. Here we present ongoing investigations on repeater occurrences aim-
ing at better understating on their geological and geomechanical origin. Furthermore, we try to develop 
advanced monitoring tools helping to quantify aseismic slip and to provide criteria for seismic hazard as 
asperity density and the related potential to generate larger dynamic rupture zones. For this respect a local 
monitoring network has been set up close to certain repeater target families. Furthermore, geological well 
log drilling throughout repeater occurrences as well as geotechnical strain measurements (e.g. extensom-
eter, optical fibre etc.) are envisaged.

2:55 PM
2341 
Automatic Processing of Mining-related Seismic Data by Machine Learning Tools
Francesca De Santis; Ineris, NANCY, Meurthe-et-Moselle, France, Armand Lizeur; Ineris, Nancy,  Meurthe-
et-Moselle, France, Jean-Bernard Kazmierczak; Ineris, Verneuil-en-Halatte, Oise, France, Emmanuelle Klein; 
Ineris, Nancy, Meurthe-et-Moselle, France, Jannes Kinscher; Ineris, Nancy, Meurthe-et-Moselle, France
In this work, we propose to implement machine learning methods for the automatic classification of 
mining- related seismic data. The approach retained for the classification is based on a Convolutional 
Neuronal Network (CNN) which has been tested and applied to two different mining datasets: the active 
ore mine of Garpenberg (Sweden), currently under exploitation, and the abandoned coal mine of Provence 
(France), where mining stopped in 2003.
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1:40 – 3:20 PM

SESSION 10: RISK ASSESMENT AND MITIGATION

1:40 PM
2324 
Mitigating the Shakedown Hazard in the DOZ Mine Through Detail Ground Motion, 
Ground Support and Risk Management Strategies
Jurgens PE Hamman; PT Freeport Indonesia, Margaret River, Western Australia, Australia, Willem de 
Beer; ESG Australia, Brisbane, Queensland, Australia, Alpeki Hadnaltias; PT Freeport Indonesia, Tem-
bagapura, Papua, Indonesia, Faisal  Putra; PT Freeport Indonesia, Tembagapura, Papua, Indonesia
This paper briefly describes the derivation of the PPV scaling relationship. Seismic and geological data 
for the DMLZ – DOZ interaction areas were evaluated to determine the likely source of large events. 
Subsequent larger events and their effects are shown to assess the veracity of the magnitude and PPV 
estimates, as well as the effectiveness and appropriateness of the ground support systems.

2:05 PM
2329 
Geology and Seismicity at PT Freeport Indonesia’s Deep Mill Level Zone Mine
Karl Llewelyn; PT Freeport Indonesia, Jakarta, Jawa Barat, Indonesia, Andres Sugiyanto; PT Freeport 
Indonesia, Jakarta, Jawa Barat, Indonesia, Eko Wibowo; PT Freeport Indonesia, Jakarta, Jawa Barat, 
Indonesia, Hendri Silaen; PT Freeport Indonesia, Jakarta, Jawa Barat, Indonesia, David Beck; Beck 
Engineering, NSW Australia, New South Wales, Australia, Wayne Barnett; SRK Consulting (Canada) Inc., 
Vancouver, British Columbia, Canada
Large seismic events and significant episodes of rapid rock mass deformation are potentially critical geotech-
nical risks at this stage of mining. Understanding the interaction between stress, strain, rock mass strength 
and geological structures is essential to minimize the hazard and engineer control measures to help ensure 
the safety of the employees while achieving production targets. This paper discusses how the seismicity and 
excavation damage have been shaped by the interactions between the mine and geological features, and 
how this affects strategic mining decisions. Additionally, the paper presents a summary of the mitigation 
measures used for mining the DMLZ in the safest and most productive way. These include improvements 
to geotechnical characterization of rock mass and structure, dynamic ground support de-signs, production 
scheduling for desirable cave propagation and a seismic monitoring system with re-entry protocols.

2:30 PM
2337 
Moment Tensor Analysis of Four ML≥2.0 Seismic Events that Occurred at Kloof 
Gold Mine (South Africa) on 13 June 2017 and a Statistical Study of their Fore- and 
Aftershocks
Richard Masethe; Sibanyestillwater, Libanon Westonaria, South Africa, Raymond Durrheim; The University 
of the Witwatersrand, Johannesburg, South Africa, Musa Manzi; The University of the Witwatersrand, 
Johannesburg, South Africa
Large mining-induced seismic events and their aftershocks cause hazardous working conditions, damage 
infrastructure, delay production and pose a risk to miners in the deep-level gold mines of South Africa. 
Stress changes within pre-existing zones of weakness are the main drivers of large mining-induced seis-
mic events, which are often followed by aftershocks triggered by quasi-static stress transfer within the 
rock mass. A better understanding of seismic source mechanisms is significant if the seismic data is to be 
used more effectively for mine planning purposes.
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2:55 PM
2671 
Integrated Mine Monitoring System on Managing Seismicity Risks Impact to Mining 
Production in PT Freeport Indonesia
Agustina Ratnaningrum; PT Freeport Indonesia, Tembagapura, Papua, Indonesia, Andrianus Sinaga; 
PT Freeport Indonesia, Pematang Siantar, Sumatera Utara, Indonesia, Amri Priambodo; PT Freeport 
Indone-sia, Pringsewu, Lampung, Indonesia, Willem De Beer; ESG Australia, Wishart, Queensland, 
Australia, Ian Leslie; Mining and Geotechnical Services, ESG Solutions, Kingston, Ontario, Canada, Robin 
Paine; IoT Automation Global Pty Ltd, Queensland, Queensland, Australia
This paper will describe how the GIMC achieves its goal using reliable procedures and strategies based 
on detailed Triggered Action Response Plan (TARP), concise communications, novel technologies (FireFly 
Lighting System), and proven seismic re-entry programs to manage risk within the underground mining 
operations. The integration of geotechnical monitoring and reporting into a centralized group has improved 
the effectiveness and management of seismic risks and hazards at PT Freeport Indonesia (PTFI) mining 
operations.

3:20 – 3:45 PM
Coffee Break

3:45 – 5:25 PM

SESSION 11: MECHANISTIC ANALYSIS

3:45 PM
2302 
A Study of Stress-Driven Structural Release Rockburst Mechanism
Neda Dadashzadeh; RockEng Inc., Kingston, Ontario, Canada, Kathy Kalenchuk; RockEng Inc., Kingston, 
Ontario, Canada
This paper explores a case study where a large-magnitude rockburst occurred in a mine drift located 
approximately 2000 meters below the surface, in a very strong and fairly massive rock mass. The event 
was a strong and sudden rock burst which resulted in significant floor heave roughly 4 span lengths be-
hind the advancing face. The event has been attributed to an inclined joint structure trending near-parallel 
to the excavation axis. This study examines the mechanics of the event by back analysis with continuum 
numerical simulations, using brittle constitutive models based on the concept of cohesion loss and friction 
mobilization. The model shows that by adding the joint structure to the floor, the brittle spalling behavior 
transitions into a unique combination of stress fracturing and structure slipping that lead to a complex and 
intense failure process. The stress path analysis is conducted to identify the nature of the ground failure 
response. It is observed that in the absence of a structure in the floor, the stress paths remain within mod-
erate stress levels which would lead to minor but non-violent spalling. The unfavourable orientation and 
slipping of the structure however, induces high local confinement zones and so the stress path undergoes 
a significant hardening process, before the rock mass reaches its yield strength and undergoes a rapid 
stress relaxation. A ground reaction analysis is also conducted in this study in order to assess the ability 
of the model in predicting the location of similar events along the drift axis (relative to the advancing face).

4:10 PM
2405 
Numerical Modelling and Probablistic Seismic Hazard Estimation in Panel Caving 
Mines, Case study at Reservas Norte, El Teniente Mine 
Juan Jarufe; Universidad de Santiago, Santaigo, Sexta region, Chile, Carlos Cifuentes; CODELCO, 
Rancagua, Chile
This paper presents a method to generate a distribution of synthetic seismic data based on numerical 
modelling results. The distribution of this data follows an exponential model and can be utilized to perform 
statistical analysis of the largest magnitudes expected from the rockmass deformation due to underground 
excavations.
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4:35 PM
2279 
Crack Initiation and Damage Evolution in High Porosity Sandstone Under Cyclic 
Compression
Mehdi Serati and Tengzhou Wang University of Queensland, Brisbane, Queensland, Australia, Kai Koos-
men; PSM, Brisbane, Queensland, Australia
As the mining industry grows, the depth of the mines increases, resulting in exposure to potentially unstable 
geological threats, such as rock spalling slab failures. From the analysis of the mechanical properties of rocks 
(especially low-porosity rocks), the crack initiation (CI) point of rock in microscopy is the beginning of linear 
elastic deformation of the rock under pressure. The CI stress of rock often accounts for only about one-third of 
the peak strength of the rock. Therefore, it is necessary to study the crack initiation threshold and the related 
properties. In this project, a systematic analysis of the CI threshold of rocks is carried out through literature 
review, experimental design, and data analysis, and the feedback and relational changes of this property under 
uniaxial compression stress (UCS) are sought. Experiments are conducted on different types of rocks by using 
Acoustic Emission (AE) technique under Cyclic and Creep loading conditions. Results are summarized and 
compared with the available models in which the quasi-static loading is only considered.

5:00 PM
2202 
A New Causality and Progress Theory of Coal Bump Occurred in Longwall Roadway 
and Corresponding Prediction and Prevention Measures 
Jun Han; Liaoning Technical University, Fuxin, Liaoning China, Shuangwen Ma; Liaoning Technical 
University, Fuxin, Liaoning China, Dongxu Jia; Liaoning Technical University, Fuxin, Liaoning China, Chen 
Cao; Liaoning Technical University, Fuxin, Liaoning China, Huibin Ma, Liaoning Technical University, Fuxin, 
Liaoning China
This study provides a causality model to explain the sequence of coal bump occurred in longwall roadway 
based on the geological condition of the high bump proneness coal mine. In high bump proneness coal 
mines, the roof and the coal seam are normally hard rock. In the mining process, the roof of the panel caves 
periodically, and the un-caved roof is suspended behind the working face. the overlaying strata above the 
hanging roof generates a bending moment within the main roof. Based on the causality model of roadway 
coal bump established in this paper, a critical equation to determine the occurrence of the coal bump is 
derived. Accordingly, several new coal bump prevention measures are put forward, including roadway 
excavation along σ1 and roof rebounding monitoring. Finally, several commonly used coal bump prevention 
measures, including roof blasting, borehole destressing and water injection are also critically discussed.

3:45 – 5:25 PM

SESSION 12: RISK ASSESSMENT AND MITIGATION

3:45 PM
2349 
Implemented Hazard Mitigation Strategy for DMLZ-DOZ Cave Interaction
Avesiena Primadiansyah; PT Freeport Indonesia, Jakarta, DKI Jakarta, Indonesia, Charles Leatemia; 
PT Freeport Indonesia, Tembagapura, Papua, Indonesia, Monang Napitupulu; PT Freeport Indonesia, 
Tembagapura, Papua, Indonesia, Arwin Edijanto; PT Freeport Indonesia, Tembagapura, Papua, Indone-
sia, John Kamarea; PT Freeport Indonesia, Tembagapura, Papua, Indonesia, Riza Hasan; PT Freeport 
Indonesia, Tembagapura, Papua, Indonesia
Beginning in early 2019, a significant increase in the frequency and size of seismic events along mine-
scale structures indicated the interaction between the DOZ and DMLZ cave had begun. However, at the 
same time, coverage of existing cave monitoring systems began to be adversely impacted due to expan-
sions of the cave and undercut advance. This resulted in limited coverage to partial areas of the expanding 
cave that impacted the ability to clearly understand cave location. Due to the decrease in confidence 
with commonly used cave monitoring techniques, alternative approaches and methods were selected to 
compensate for the limitations.
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4:10 PM
2350 
Mitigating the Rockfall and Rockburst Risk in South African Gold and Platinum 
Mines through Advanced Knowledge of the Rock Mass 
Michelle Pienaar, SAMERDI, Mandela Mining Precinct; Raymond J. Durrheim, School of Geosciences, 
University of the Witwatersrand; Hennie Grobler, Department of Mining and Mine Surveying, University 
of Johannesburg; Thabang Kgarume, Future Production Mining Cluster, CSIR; Musa S.D. Manzi, School 
of Geosciences, University of the Witwatersrand; Glen T. Nwaila, School of Geosciences, University of the 
Witwatersrand; Abrie Oberholster, School of Mechanical Engineering, University of Pretoria and Michael 
van Schoor, Future Production Mining Cluster, CSIR
Surging prices for gold and platinum group elements have revitalized the South African mining industry. The 
South African Mining, Extraction, Research, Development and Innovation (SAMERDI) strategy, launched in 
2019 with the goal of modernizing the mining industry, comprises three major research initiatives:

•  Improvement in the efficiency of extraction and health and safety in current mining operations,
•  Development of fully mechanized systems to mine narrow tabular ore bodies in hard rock, and
•  Development of extraction systems to break rock without using explosives.

4:35 PM
2409 
Analysis of the Behavior of the Weld Mesh and the Rolled Mesh Against Static Loads 
and a Dynamic Impact, to Design the Overlap According with the Connection Method
Gabriel von Rickenbach; Geobrugg AG, Romanshorn, Thurgau, Chile, Juan Andres Jarufe; Universidad 
de Santiago, Santiago, Metropolitana, Chile, Rubén Darío Cornejo Puga; Pucobre, Tierra Amarilla, 
Metropolitana, Chile, German Fischer; Geobrugg Andina SpA, Santiago, Metropolitana, Chile, Roberto 
Luis Fonseca; Geobrugg AG, Madrid, San Sebastián de los Reyes, Spain, Rico Brändle; Geobrugg AG, 
Romanshorn, Thurgau, Switzerland
This paper presents the state of the art in static and dynamic analysis of welded and rolled mesh overlaps 
(with different tensile strength), based on experimentation carried on by Geobrugg in their Research Cen-
ter, leaving clearly established that the difference in meshes is not only in levels of energy absorption, but 
also concluding that in the case of high resistance rolled meshes overlapping would be eliminated and the 
transmission of stresses can be fully guaranteed by using suitable connecting elements. All these charac-
teristics, supported by operational advantages as light weight and mechanized mesh installation, provides 
a considerable improvement in safety and productivity, improving the economic value of the project.

5:00 PM
2358 
A New Proposal for a Mining Induced Seismicity Indicator using Earthquake 
Frictional Energy
Rodrigo Estay Huidobro; Universidad Técnica Federico Santa María, Santiago, Metropolitana, Chile, 
Claudia Pavez; Geological Survey of Norway, Trondheim, Trondheim, Norway, and  An-drés Martinoli; 
Universidad Técnica Federico Santa María, Santiago, Metropolitana, Chile 
In this work, we calculate the frictional energy indicator using low magnitude mining-induced seismicity. 
Two methodologies were used to calculate the indicator: a thermal energy-critical value and a band-based 
indicator. In both cases, their performances were calculated using a contingency matrix and skill scores. 
It was concluded that the thermal energy-critical value methodology has a better performance than the 
band- based one.
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5:25 PM   Close

6:00 PM   Reception

7:30 PM   Banquet

 
THURSDAY APRIL 28TH

KEYNOTE SESSION

8:30 – 8:35 AM
Welcome

8:35 – 9:20 AM
KEYNOTE
Maintaining a Stability Safety Case in Seismically Active Mines
David Beck, Beck Engineering Pty Ltd
Given that instability in mines is historically one of the major causes of fatalities, a ‘Stability Safety Case’ 
justifying the interpretation that a mine is currently stable, explaining what the mine will do to confirm that 
it is not unstable and what design and tactical control measures are in place to manage hazards arising 
from residual instability including those that are associated rapid increments of strain, is part of the mines 
‘license to operate’. And as the conditions in mines are always changing, and there are unknowns at every 
stage, the Stability Safety Case is not a static document, but rather a continuous decision cycle of design, 
observation, measurement, analysis and the making and testing of stability hypotheses. At any time the 
mine cannot make a safety case, it will stop and mine for information to regain control.

9:20 – 9:55 AM
INVITED SPEAKER
Rock Mechanics and Rock Engineering for Sustainable High Stress Underground 
Mining
Javier Vallejos Mining Engineering, Advanced Mining Technology Center, University of Chile, Chile
High stress underground mining poses a significant challenge to rock mechanics and rock engineering. 
To overcome theses challenges significative improvements in solutions and best practices of the design 
and operation of mines under high stress have been developed and implemented. This paper presents 
certain topics related to the management of high stress for sustainable underground mining. The topics 
include; the effect of preconditioning techniques (destress blasting and hydraulic fracturing) in the seismic 
rock mass response to underground mining and the dynamic behaviour of rock support systems. The 
opportunities associated with research in rock mechanics and practical rock engineering are discussed.
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9:55 – 10:25 AM
BEST PAPER PRESENTATION 
2209 
Initial Breakthrough Analysis between Grasberg Block Cave Mine and Grasberg 
Open Pit through Seismicity
Eric Sitorus, Roy William, Wieda Azani, Septian Prahastudhi
This paper reviews the systematic approach developed to convert monitoring data into information around 
the collapse of the GBC PB2S cave sill pillar. The data that was interpreted consisted of micro-seismic, 
Interferometry Synthetic Aperture Radar (InSAR), piezometric, ground-based radar and observational in-
spections. Geological structures on the boundary of PB2S cave were clearly involved in the breakthrough 
process. As the cave propagation reached these structures and triggered instability, the resulting acceler-
ation and breakdown was clearly shown by IBIS radar units associated with high movement in the slope.  
The focus of this paper is on the evolution of changes seen in the micro-seismic data and how it was used 
to understand the rapidly changing conditions of the sill pillar. The seismic parameters evaluated were 
event distribution, Es/Ep value, and the seismic moment tensor inversion. The changes of breakthrough in-
dication seen in these parameters were substantiated by Shear Wave Splitting (SWS) analysis that showed 
a close correlation with the fractured zone above the PB2S cave indicated by the increasing anisotropy.

10:25 – 10:45 AM
Thanks and Acknowledgements

10:45 – 11:15 AM
Coffee
 
11:15 AM – 12:30 PM

SESSION 13: COMPREHENSIVE CASE STUDIES

11:15 AM
2301 
Seismic Hazard Assessment and Mapping – A Comprehensive Case Study at Vale’s 
Garson Mine, Sudbury, ON Canada
Atulya Verma; BESTECH, ON, Ontario, Canada, Samantha Espley; BESTECH, Sudbury, Ontario, Canada, 
Anneta Sampson Forsythe; Vale Canada, can, Ontario, Canada, Lindsay Moreau-Verlaan; Vale Canada, 
Copper Cliff, Ontario, Canada
This paper is an attempt to summarize the tools and techniques of seismic hazard assessment and map-
ping used by Vale’s Garson Mine. In 2011, Garson Mine started using Seismic Excavation Hazard Mapping 
(SEHM) software developed by MIRARCO at Laurentian University, Canada, to enhance safety. This tool 
was effectively used by Garson Mine to enable proactive mine planning and support design.

11:40 AM
2372 
Preventive Support Maintenance (PSM) as a Mitigation of Rockburst Hazard: A Case 
Study for the Deep Mill Level Zone Mine
Monang Napitupulu; Chief Engineer, Bogor, Jawa Barat, Indonesia, Miftah Ali; Engineer Underground 
Geotechnical, Yogyakarta, Daerah Istimewa Yogyakarta, Indonesia, Edi Satriawan; Engineer Underground 
Geotechnical, Semarang, Jawa Tengah, Indonesia
This paper is the second paper in a two-part series that discusses the ground support evolution and 
performance of the DMLZ Mine. It provides an overview of the various aspects related to the evolution of 
the PSM process around measurement of support consumption, implementation of support reinforcement, 
improvements in excavation reliability, and reduction in severity and magnitude of damage caused by 
rockbursts.
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12:05 PM
2384 
Abutment Loading in Cave Mines with Massive Brittle Rock – Understanding the 
Strainburst Hazard
Justin Roy; University of British Columbia, North Vancouver, British Columbia, Canada, Erik Eberhardt; 
University of British Columbia, Vancouver, British Columbia, Canada, Rob Bewick; Golder, Sudbury, 
Ontario, Canada
Historical perspective on the strainbursting hazard in cave mining is presented in this paper, as well as a 
recent case study of the DMLZ mine where data- driven assessments have been applied to better under-
stand the strainbursting hazard under the abutment loading condition. The strainbursting phenom-enon 
can be difficult to manage in a complex cave mining environment. Therefore, tools and strategies for anal-
ysis of the occurrence of strainbursting are presented that can be used to better constrain and manage 
the problem.
 
11:15 AM – 12:30 PM

SESSION 14: RISK ASSESSMENT AND MITIGATION

11:15 AM
2343 
Classification of Mining Induced Seismicity at the Kiirunavaara Mine 
Andreas Ylmefors; LKAB, Malmberget, BD, Sweden, Ping Zhang; Luleå University of Technology, Luleå, 
BD, Sweden, Shahram Mozaffari; LKAB, Kiruna, BD, Sweden
The risk associated with mining induced seismicity and the related rock bursts has become one of the 
major threats to the safety and sustainability of mining at the Kiirunavaara mine, Sweden. The mine is 
owned by LKAB and is using sublevel caving mining method. The causes of mining induced seismicity 
at the Kiirunavaara mine are very complex, due to complex ore body geometry, mining sequences, in-
fra-structures, geological and stress conditions, etc. These have affected our understanding on the source 
mechanisms of seismicity and further the mitigation of the seismic risk.

11:40 AM
2323 
Rockburst Risk Management to Make Tunnel Construction Feasible in High Stress 
Environments, Codelco El Teniente
Pedro Landeros; Codelco VP, Coya, VI Region, Chile, Eduardo Rojas; Codelco Casa Matriz, Santiago, RM, Chile
El Teniente Mine expansion plans are currently under development and construction stages, through an integrat-
ed project strategy that will allow the continuity of future exploitation. The deepest sector corre-sponds to Andes 
Norte Project, which it has had to face rockburst risk during tunneling in a completely different way, implementing 
different actions for the mitigation of seismic hazard and seismic risk management, based on the following main 
aspects: rock mass preconditioning techniques such as destress blasting and hydraulic fracturing, improvement 
of rock support design with the inclusion of elements with higher energy dissipation capacities, use of mecha-
nized equipment for the most critical activities in addition to re-entry protocols and improvements in geological, 
geomechanical and seismic data collection procedures to reduce the uncertainty of rock mass behavior. Current 
seismic risk management strategy integrates each element and it represents the basis of construction method-
ologies in use, supporting technical feasibility of tunneling in high-stress environments
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12:05 PM
2262 
Microseismic Multi-parameter Based Rockburst Early Warning Using Dynamic 
Bayesian Networks
Haoyu Mao; State Key Laboratory of Hydraulics and Mountain River Engineering, College of Water Resource 
and Hydropower, Sichuan University, Chengdu, Sichuan China, Xiang Li; State Key Laboratory of Hydraulics 
and Mountain River Engineering, College of Water Resource and Hydropower, Sichuan University, Chengdu, 
Sichuan China, Peiwei Xiao; State Key Laboratory of Hydraulics and Mountain River Engineering, College 
of Water Resource and Hydropower, Sichuan University, Chengdu, Sichuan, China (Mainland), Biao Li; 
School of Geoscience and Technology, Southwest Petroleum University, Chengdu, Sichuan / 四 川, China 
(Mainland), Nuwen Xu; State Key Laboratory of Hydraulics and Mountain River Engineering, College of Water 
Resource and Hydropower, Sichuan University, Chengdu, Sichuan, China 
This paper proposes a microseismic multi- parameter rockburst early warning model based on dynamic 
Bayesian networks. First, the sensitivity of microseismic source parameters to rockburst forecast is ana-
lyzed based on microseismic monitoring data and actual rockburst information of a hydropower station. 
Second, the main seismic source parameters and their data are selected and imported into a dynam-
ic Bayesian network for learning to obtain the rockburst forecast model. The model is confirmed in its 
self-validation and K times cross-validation, and the receiver operating characteristic curve of the model 
is also analyzed, it is found that the area under the curve is close to 1, indicating that the model has good 
accuracy. Finally, the analysis of the influence strength of the parent and child nodes in the model reveals 
that the moment magnitude and source scale are the most sensitive parameters, which can be used as an 
important reference for rockburst forecast. Applying the proposed rockburst forecast model to two actual 
engineering cases, it is found that the forecast success rate of rockburst is high.
 
12:30 – 1:00 PM 
Lunch Keynote

12:45 – 1:30 PM 
Sponsored by Freeport-McMoRan

The Role of Pre-conditioning in Mitigating Seismic Hazards – an Innovative Method 
for Future Caving Operations
James Lett, Superintendent Geotechnical Engineering, Cadia Operations, New South Wales, Australia
The role of pre-conditioning in a caving operation has multiple benefits, ranging from assisting with im-
proved caveability, normalising fragmentation and improving draw point hang-up frequency. At Newcrest 
Mining’s Cadia Operations, both the Ridgeway Deeps block cave the Cadia East Panel Cave have utilised 
pre-conditioning using hydraulic fracturing. Seismic response data inside and outside the pre-conditioned 
volume show the benefit of treating the full caving block. Cadia East has further developed pre-condition-
ing to mitigate developing seismic hazards associated with major structures (fault-slip events) and manag-
ing mine-wide seismic hazards in new caving operations where the potential for large damaging seismic 
events exists due to high stresses and hard competent rockmasses. A case study reviewing the impact of 
pre-conditioning to mitigate seismic hazard associated with fault slip is presented. Cadia East operation 
undertook a targeted hydraulic fracturing program and reduced the overall number of large events as an 
example of the benefits of pre-conditioning. This paper will review the application of Hydraulic Fracturing 
at Cadia and discuss the geotechnical and seismological parameters of seismic events that occur within 
and outside of pre-conditioned rockmass volumes to demonstrate the benefits that Hydraulic Fracturing 
bring to future caving operations.
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1:30 – 1:40 PM
Closing remarks
 
1:40 – 3:00 PM

SESSION 15: MONITORING AND DATA ANALYSIS

1:40 PM
2353 
Delineating Seismic Hazard Based on Incremental Stress:Strain Response at in 
Seismogenic Volumes
Evan Dressel; Queen’s University, Kingston, Ontario, Canada, Kathy Kalenchuk; RockEng, Kingston, 
Ontario, Canada, Mark Diederichs; Queen’s University, Kingston, Ontario, Canada
As hard rock mining develops deeper and deeper over time, there is an increasing need to predict the spa-
tial and temporal distribution of adverse seismogenic ground reaction. Real-time monitoring and feedback 
of mine data are used to tactically manage risk associated with induced-seismicity; however, strategic 
risk management requires reliable tools for forward predictions of seismic hazard. The forward prediction 
of seismic hazard is strengthened by understanding of potential seismic intensity, which often relies on 
well calibrated numerical mine-wide models. This paper uses a case study to explore how future seismo-
genic potential and the nature of future seismicity can be domained according to numerically predicted 
stress-strain paths at past event locations. Delineation of high confinement seismogenic volumes vs. low-
er-con-finement, high-strain seismogenic volumes, at the mine-scale can be achieved, based on a loading 
and unloading stress path analogue, to refine understanding of seismic intensity. Practical qualitative and 
quantitative methods to achieve this delineation will be demonstrated. Once seismogenic mode (high-
stress vs. high-strain) is identified, detailed analyses of seismic source parameters demonstrates change 
in seismic hazard between the domained volumes.

2:05 PM
2238 
Proactive Measures to Evaluate Geotechnical Risk in Development for Deep Mining 
– Onaping Depth Project Case Study
Brad Simser and Alex Hall Glencore Sudbury Integrated Nickel, Falconbridge, Ontario, Canada and Tonyh 
Butler, ESG Soluations, Cambridge, Ontario, Canada
Data from the microseismic monitoring system had indicated that conditions at the development end 
were changing prior to the rockburst. A back-analysis of the scout-hole data indicated a clear anomaly in 
the rockmass at the location of the rockburst. The scout-hole data also provided sufficient information to 
suggest that once this anomalous zone was exited, mining conditions would improve. With the micro-seis-
mic monitoring system providing real-time information from the rockmass, the area was rehabilitated 
and ramp development continued successfully. Details of the rehabilitation and adjustments to the ramp 
development are discussed. Some correlations between the scout-hole data and recorded microseismicity 
are also presented.
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2:30 PM
2277 
Discrimination and Location of Seismic Events for Characterization of Rock Mass 
Response Near a Dyke
Yi Duan; CSIRO, Brisbane, Queensland, Australia, Ismet Canbulat; UNSW, Sydney, New South Wales, 
Australia, Xun Luo; CSIRO, Brisbane, Queensland, Australia, Guangyao Si; UNSW, Sydney, New South 
Wales, Australia
Routine analyses of the seismicity and event locations are essential for coal burst risk management, espe-
cially in the presence of unfavourable geological structures. In an Australian longwall coal mine, a small-
scale seismic monitoring network was installed to monitor a section of a major dyke intersected by the 
roadway which was classified as a coal burst prone zone. Deep Convolutional Neural Network (DCNN) was 
adopted for the automatic discrimination of the seismic events to assess the seismicity in this zone. The 
discriminated seismic events were located with the Shortest Path Method based on Boundary Discretiza-
tion Scheme (BDS- SPM) for temporal-spatial seismic event distribution analysis. The results demonstrate 
that the seismic events are discriminated with 94% average accuracy. Moreover, the seismic events are 
more accurately located using the BDS-SPM with a 3D heterogeneous velocity model comparing with 
the results obtained with a homogeneous velocity model. The temporal and spatial variances in seismic 
activities delineate that the rock fractures in the dyke zone are closely related to the longwall mining and 
the dyke has a controlling influence on the stress concentration in its vicinity.
 
1:40 – 3:00 PM

SESSION 16: MANAGEMENT AND CONTROL

1:40 PM
2374 
Overview of the Hydraulic Fracturing Results from a Production Area in 
Kiirunavaara Mine
Christina Dahnér; LKAB, Gällivare, Norrbotten, Sweden, Savka Dineva; Luleå University of Technology, 
Lulea, Norrbotten, Sweden,  Kristina Jonsson; LKAB, Koskullskulle, Norrbotten, Sweden
In this broad analysis the effect of the HF was evaluated by using the seismic source parameters of the 
induced seismic events: 1) cumulative seismic energy, seismic moment and seismic potency released 
during the fracturing were calculated, with the corresponding ‘equivalent’ magnitudes for each hole and 
compared with the local geological conditions. 2)The predominant failure mechanism of the seismic 
events caused by HF was defined. A difference in the behaviour was noticed, as M>0 events seems to 
be compression type failures and M<0 events seem to be related to slip on pre-existing structures. No 
seismic events related to creation of a new fracture were recorded; 3) The direction of the pressure and 
tension axes was compiled and related to the mine geology and infrastructure. Some slight differences in 
primarily the pressure axes was observed, related to large scale clay zones and caving ore passes.
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2:05 PM
2377 
Performance of Normet Self Drilling Dynamic Bolt (SDDB®) Types in Dynamic Loading 
– The Energy Dissipating Hollow Core Rockbolt Installed in Normet’s Urea-Silicate 
Injection Resin
Allan Punkkinen; Normet Canada, Lively, Ontario, Canada, Renée Royer; NRCan - CanmetMINING, 
Nepean, Ontario, Canada
Following several inquiries as to the effectiveness of pumpable resins for use with dynamic support 
com-ponents, Normet Canada performed comprehensive testing of the bolt and resin system at Can-
metMINING in Ottawa to dispel or substantiate any preconceived beliefs. Several dynamic and static tests 
in direct and indirect loading were carried out. Results include tests in shear and early strength UCS of 
the resin to measure the performance of the SDDB compared with the established D Bolt as an effective 
dynamic ground support component. Underground field observations, installation methodology and in-situ 
testing are investigated.

2:30 PM
2430 
Establishing a Testing Criteria to Relate the in-situ Performance of Static and 
Dynamic Capable Mesh 
Jean-Pierre Gouvea, Goldfields, Roodepoort, Gauteng, South Africa and Michael du Plessis; Goldfields, 
Hartbeespoort, North West, South Africa, 
A study was conducted at a deep-level South African gold mine where seismic induced damage frequently 
requires the rehabilitation of the installed mesh-based support in drives. Traditional methods of deter-min-
ing dynamic support criteria did not prove to be useful. A series of laboratory and large scale surface drop 
tests were conducted to simulate the observed seismic induced damage experienced by the mesh un-
derground. Furthermore, the performance of different types of support systems could be compared under 
similar and repeatable conditions. The paper describes the methodology followed. 

3:00 – 3:30 PM
Final Coffee and Mingling 


