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President’s Message……
Dear Readers
Greetings!
The COVID-19 pandemic and its spread has brought about a major impact on the economies across the globe
including India. India has faced the COVID-19 situation with fortitude and a spirit of self-reliance. The clarion
call given by the Hon'ble PM to use these trying times to become Atmanirbhar (self-reliant) has been very well
received to enable the resurgence of the Indian economy.
Union Budget 2021-22 is one such step in the direction of Aatmnirbharta. It is a growth-centric, expansionary
budget that pushes many right buttons, while focussing on improving the mid-term growth trajectory. Spending
will continue despite limited new tax revenue, and the focus is clearly on stimulating growth. While this implies
higher-than-anticipated fiscal deficit and borrowings, and therefore adds an upside risk to interest rates, the
quality of spending will improve.
The capex allocation for fiscal 2022 has been increased by 26%, with sharp focus on infrastructure. If there is
an overarching picture, it would be that this budget has set the tone on infrastructure growth for the next 3-4
years, which is a positive.
The thrust on domestic manufacturing is evident in higher custom duty for PLI-linked segments. The betterthan-expected recovery seen in the past few months led by larger companies is yet to fully benefit MSMEs. A few
steps in this regard will go a long way in supporting this segment that is so critical for jobs and exports.
I would like to take this opportunity to congratulate Mining Engineers’ Association of India, Bellary- Hospet
Chapter and Veraval-Porbandar Chapter for successfully conducting Refresher Classes for the Mines Manager
Examination scheduled to be conducted by DGMS. Organising such coaching programs will go a long way in
improving the technical capability of Mining professionals.
I would also like to congratulate the NACRI for successfully conducting the 40-hour online IMIC professional
development program. The course content that included the mineral industry best practices was prepared and
delivered by the facilitators from the NACRI.
At the end, I would like to caution the readers about the recent surge in Covid cases in some states. This
reminds us of the fact that we cannot be complacent in our approach and should continue to take precautions
against the virus spread.
Stay Safe.
With Best Wishes
Sanjay Kumar Pattnaik
President
Mining Engineers’ Journal, Vol. 22,
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Editor's Desk
I dedicate this column to excerpts of a significant event that will have greater impact on the mineral and metal sector
in the future. On October 7, 2020, Coreo and the Circular Economy Leadership Coalition in collaboration with the
Canadian Government on Mining for Circularity, hosted the first World Circular Economy Forum 2020 online session.
In this session, the organizers facilitated dialogue among a range of companies, downstream metals buyers and civil
society leaders, challenged conventional thinking and provoked deep reflection on how the mining sector and its value
chain can accelerate the transition toward circularity.

Dr. P.V. Rao
Editor, MEJ

Although classified as an extractive industry, mining and its resulting primary natural resource outputs could as well
be classified as a development industry. Arguably, no group of elements have had more impact on the development
of our societies than metals. However, how we mine and manage the stocks and flows of metals and minerals in the
economy is currently linear. This needs to change and it starts with the way we think. It is an opportunity that requires
a systemic response from governments, miners, refiners, manufacturers and consumers to deliberately create circular
material flows and – importantly – circulate the value.
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A linear economy is structured to ‘take, make and The transition from the linear to the circular
waste’. This means raw materials are extracted, economy is systemic and requires systemic
and then transformed into products that are used thinking and action.
until they are discarded as waste. In this economic
system, value is created by producing and selling as much metal, material or product as possible. The
linear economy is driven by supply chains – not supply loops – with each actor driven by profit at all
costs. If the linear economic model continues, the world will approach a tipping point where it will
lose the capacity to sustain itself.
A panel discussion facilitated by Ashleigh Morris with senior representatives from the World Bank,
Rio Tinto and Arcelor Mittal highlighted that the challenges surrounding transitioning toward a circular
economy are much smaller than the opportunities it presents. Natural Resources Canada, Agnico Eagle,
and Anglo American presented detailed case studies on how the circular economy is being taken out of
theory and put into practice and the key highlights included the development of green hydrogen to fuel
mining operations and capturing the full value from ore bodies with a focus on designing out waste and
pollution. Another panel discussion facilitated by Alan Young with representatives from Earthworks
and BMW on closed and open loop circular economy models expressed the urgency of the transition
towards a zero waste/ low carbon circular economy was made apparent and emphasized that there is
no one right way to make this transition. The main themes that emerged through the session were:
the circular economy being recognized as an essential and practical tool to address carbon emissions
through the entire value chain; and Partnerships and collaboration are and will be a key enabler to the
circular economy.
This event was the first in a series of dialogues that seek to explore, define and help accelerate the
pathway to a zero waste/ low carbon circular economy for the mining and metals sector. The organizers
plan to work with a range of partners and experts to identify and address important questions related
to public policy, market and finance structure and strategy, technological innovation and education.
Through these dialogues and collaborations, they seek to contribute to a community of practice that
can help advance practical solutions, while promoting a longer-term vision and roadmap for the role
of metals.
Ashleigh Morris, the CEO of Coreo, a globally recognized and award-winning company that advises
and guides industry and government through their circular economy aspirations at both a strategic and
operational level, was bold in her pursuit of systemic change. She concluded that in contrast to the
linear economy, the circular economy is an economic model that is restorative and regenerative by
design. It is underpinned by three key principles: design out waste and pollution, keep products and
materials at their highest value for as long as possible and regenerate natural systems.
The transition from the linear to the circular economy is systemic and requires systemic thinking and
action. The transition will require: ingenuity – spending time figuring out right the questions to ask
rather than time trying to find the answer, innovation – embracing innovative approaches not only in
technology but in business models, and bravery – opportunities for transformative change are abundant
if you're brave enough to step into the circle.
- Editor
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"Goa is the smallest state, which is having 3700 sq. km
of area which has Western Ghats on the eastern side
and the Arabian Sea to the west. We have maintained
66 percent forest cover," Sawant said. "With Coastal
Regulation Zone, private forests, eco-sensitive zone,
wetland zones and CRZ activity, only 30 per cent land
is available for development activities. We seek relief
for smaller states and UTs by way of amendment,"
Sawant also said.
IANS, Panaji | February 20, 2021

Treat Goa as special, need reform to revive mining:
CM to NITI Aayog
Chief Minister Pramod Sawant on Saturday urged
Prime Minister Narendra Modi to treat Goa as a special
case regarding mining.
Chief Minister Pramod Sawant on Saturday urged Prime
Minister Narendra Modi to treat Goa as a special case
and provide relief by way of legal reform to the coastal
state in order to revive the non-functioning mining
sector while virtually addressing the governing council
of the NITI Aayog. Sawant also said that Goa, India's
smallest state, was wedged between the Western
Ghats as the Arabian sea on the West, which left very
little landmass for development purposes and urged
the Prime Minister to provide relief vis a vis green laws
and coastal regulations which govern smaller states.



"Our efforts are on to revive mining which has been
banned by the Supreme Court. We would request the
central government to bring reform and treat Goa's
case separately. We got independence in 1961 and we
did not get second renewal (of mining leases)," Sawant
said during the virtual meeting. Mining activity in Goa
was banned by the apex court first in 2012, following
the unearthing of a Rs. 35,000 crore scam by a judicial
commission appointed by the central government. But
was resumed in 2015 with restrictions, before it stopped
again after the apex court in 2018, found irregularities
in renewal of 88 mining leases.

"After obtaining the lease extension of Donimalai iron
ore mine (ML-2396) for 20 years w.e.f (with effect from)
March 11, 2018, from the Government of Karnataka
and completing the associated statutory requirements,
(it) was restarted on February 18, 2021, forenoon," the
filing said. NMDC, under the Ministry of Steel, is the
country's largest iron ore miner. The company, which
has been in the business of mining iron ore for over
six decades, operates three iron ore complexes in the
country.

Before Goa was liberated by the Indian armed forces
in 1961, mining leases in Goa were permanent
concessions granted by the Portuguese colonists
for exploration and commercial exploitation. Once
India took over the new colony though, the central
government via the Goa Daman and Diu (Abolition of
Concession and Declaration as Mining Leases) act,
1987, converted the same concessions into mining
leases under the Mines and Minerals Development
Act, 1954, as result of which the mining leases in Goa
skipped one round of lease renewals as mandated by
the latter legislation.

While one is located at Donimalai in Karnataka, two are
in the Dantewada district of Chhattisgarh, contributing
70 per cent to the company's total output. The capacity
of Donimalai mine is 7 million tonnes per annum
(MTPA). The mine has reserves of about 90-100 million
tonne (MT) which may last for the next 15-20 years.
PTI, New Delhi | February 19, 2021


Sawant also said that the stoppage of mining had left
a severe impact on the state economy. "It (mining ban)
has impacted the state economy and employment.
We request you for relief on mining activity," Sawant
said.Sawant also made a pitch for relaxing coastal
regulations and green laws, especially vis a vis states
and union territories with a smaller landmass, saying the
web of legislations left very little scope for development
activity.
Mining Engineers’ Journal, Vol. 22,
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Mining resumes at state-owned NMDC's Donimalai
mine in Karnataka
State-owned NMDC on Thursday announced resuming
mining operations at its Donimalai iron ore mine in
Karnataka. The operations have been resumed after
receiving permission from the state government, NMDC
said in a BSE filing. In 2018, NMDC had suspended
iron ore mining at the mine following a decision of the
state government to impose 80 per cent premium on
the iron ore sales from the mine.

Ministry of Earth Sciences invites suggestions on
blue economy policy
The ministry has rolled out the draft blue economy
policy in the public domain, inviting suggestions and
inputs from various stakeholders.
The Ministry of Earth Sciences (MoES) has rolled
out the draft blue economy policy in the public
domain, inviting suggestions and inputs from various
stakeholders, including industry, NGOs, academia and
citizens. The draft policy document outlines the vision
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framework towards unlocking country's potential for
economic growth and welfare," the MoES said.
PTI, New Delhi | February 17, 2021

and strategy that can be adopted by the government
to utilise the plethora of oceanic resources available in
the country.
The document has recognised seven thematic areas:
national accounting framework for the blue economy
and ocean governance; coastal marine spatial planning
and tourism; marine fisheries, aquaculture, and fish
processing; manufacturing, emerging industries, trade,
technology, services, and skill development; logistics,
infrastructure and shipping, including trans-shipments;
coastal and deep-sea mining and offshore energy
and security, strategic dimensions and international
engagement.



The government plans to provide incentive to mineral
block allocatees for early commencement of production
from the auctioned mines, a move aimed at increasing
mineral output of the country and reducing imports.
The mines ministry plans to do the same through
amendment of the mining rules and has sought
comments and suggestions from stakeholders on the
same.

The policy document has been disseminated for pubic
consultation on several outreach platforms, including
websites and social media handles of the MoES and
its institutes. Stakeholders have been invited to submit
inputs and ideas by February 27, it said in a statement.
The policy document aims to enhance contribution
of the blue economy to India's GDP, improve lives of
coastal communities, preserve marine biodiversity,
and maintain the national security of marine areas and
resources, it added.

"The Ministry of Mines has prepared the Mineral
(Auction) Amendment Rules, 2021 seeking to amend
Mineral (Auction) Rules, 2015. As part of the prelegislative consultation policy, the draft Amendment
Rules is made available... Comments / suggestions are
invited from the general public, governments of states
and union territories, mining industry, stakeholders,
industry associations, and other persons and entities
concerned, on the draft Amendment Rules," the mines
ministry said in a notice.

India's blue economy is understood as a subset of the
national economy comprising an entire ocean resources
system and human-made economic infrastructure in
marine, maritime, and onshore coastal zones within
the country's legal jurisdiction. It aids the production
of goods and services that have clear linkages with
economic growth, environmental sustainability, and
national security. With a coastline of nearly 7,500
kilometres, India has a unique maritime position. Nine
of its 29 states are coastal and the nation's geography
includes 1,382 islands. There are nearly 199 ports,
including 12 major ones that handle approximately
1,400 million tonnes of cargo each year.

A high level committee (HLC) headed by Vice
Chairman, NITI Aayog, on mines, minerals and coal
sectors was constituted by the government to give
recommendations for enhancing exploration and
domestic production, reducing imports and achieving
rapid growth in exports. The panel in its report on the
coal sector has recommended that the Ministry of
Mines may also adopt the methodology for commercial
auction as per the recommendation of the coal sector.

Moreover, India's exclusive economic zone of over 2
million square kilometres has a bounty of living and
non-living resources with significant recoverable
resources, such as crude oil and natural gas. The
coastal economy sustains over 40 lakh fisherfolk
and coastal communities. With these vast maritime
interests, the blue economy occupies a vital potential
position in India's economic growth.

One of the recommendations in the panel report is
for providing incentive to successful bidders for early
commencement of production from the auctioned
mines. "In view of the HLC recommendations, it has
been decided to provide in the Mineral (Auction) Rules,
2015 that for fully explored blocks, there would be a 50
per cent rebate in the quoted revenue share, for the
quantity of mineral produced and dispatched earlier
than scheduled date of production as provided in
tender document," the ministry.

"It could well be the next multiplier of GDP and wellbeing, provided sustainability and socio-economic
welfare are kept center-stage. "Therefore, India's
draft blue economy policy is envisaged as a crucial
Mining Engineers’ Journal, Vol. 22,

No. 8

Govt plans incentive for starting production early
from auctioned mines
The mines ministry plans to do the same through
amendment of the mining rules and has sought
comments and suggestions from stakeholders on the
same.

The incentive will encourage the lessee to operationalise
the mine and start production at an early date thereby
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increasing the mineral production in the country. The
objective of the amendment is to make minerals
available in the market at the earliest considering that
minerals are input to several industries. "Accordingly,
a draft amendment to Rule 13 of the Mineral (Auction)
Rules, 2015 is proposed," the ministry said.
PTI, New Delhi | January 26, 2021


provide equipment redundancy and improve the odds
of making key discoveries. (Image courtesy of NASA.)
“Instead, the Artemis Accords have driven China and
Russia toward increased cooperation in space out of
fear and necessity,” he writes. Russia’s space agency
Roscosmos was the first to speak up, likening the policy
to colonialism. “There have already been examples
in history when one country decided to start seizing
territories in its interest — everyone remembers what
came of it,” Roscosmos’ deputy general director for
international cooperation, Sergey Saveliev, said at the
time.

Experts warn of brewing space mining war among
US, China and Russia
A brewing war to set a mining base in space is
likely to see China and Russia joining forces to
keep the US increasing attempts to dominate extraterrestrial commerce at bay, experts warn. The Trump
Administration took an active interest in space,
announcing that America would return astronauts to
the moon by 2024 and creating the Space Force as
the newest branch of the US military. It also proposed
global legal framework for mining on the moon, called
the Artemis Accords, encouraging citizens to mine the
Earth’s natural satellite and other celestial bodies with
commercial purposes.

China, which made history in 2019 by becoming the
first country to land a probe on the far side of the Moon,
chose a different approach. Since the Artemis Accords
were first announced, Beijing has approached Russia to
jointly build a lunar research base. President Xi Jinping
has also he made sure China planted its flag on the
Moon, which happened in December 2020, more than
50 years after the US reached the lunar surface.

The directive classified outer space as a “legally and
physically unique domain of human activity” instead of a
“global commons,” paving the way for mining the moon
without any sort of international treaty. Spearheaded by
the US National Aeronautics and Space Administration
(NASA), the Artemis Accords were signed in October
by Australia, Canada, England, Japan, Luxembourg,
Italy and the United Emirates.

The next Wild West?
China has historically been excluded from the USled international order in space. It is not a partner in
the International Space Station (ISS) program, and a
US legislative provision has limited NASA’s ability to
cooperate with it in space since 2011. “America and
China should cooperate in space,” say policy experts
Anne-Marie Slaughter and Emily Lawrence. “If the
US managed to coordinate with the Soviet Union on
space policy during the Cold War, it can find a way to
cooperate with China now,” they note.

“Unfortunately, the Trump Administration exacerbated
a national security threat and risked the economic
opportunity it hoped to secure in outer space by failing
to engage Russia or China as potential partners,” says
Elya Taichman, former legislative director for thenRepublican Michelle Lujan Grisham.

Slaughter, a former director of policy planning in the
US State Department from 2009 to 2011, believes
that President Joe Biden’s team should distance from
Trump’s accords and instead pursue a new course
within the UN Committee on the Peaceful Uses of
Outer Space. “Biden can restore some of America’s
global legitimacy by working to establish a multilateral
framework, negotiated with all relevant parties that
protects areas of common interest while granting
internationally accepted commercial opportunities,”
Slaughter and Lawrence wrote. It will not be an
easy task, they say, but a necessary one. “Without
an international framework that includes all major
spacefaring countries, the moon could become the
next Wild West.”
The race is on. It has been for a while. So much so
that NASA has laid out a $28 billion plan to launch an
unmanned mission around the moon in 2021, followed

NASA is working on lunar bases that can travel on
wheels, or even legs, increasing landing zone safety,
Mining Engineers’ Journal, Vol. 22,
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extracting Helium-3 from the Earth’s natural satellite.
Beijing has already landed on the moon twice in the
21st century, with more missions to follow. In Canada,
most initiatives have come from the private sector. One
of the most touted was Northern Ontario-based Deltion
Innovations partnership with Moon Express, the first
American private space exploration firm to have been
granted government permission to travel beyond
Earth’s orbit.

by a crewed moon flyby in 2023, then a lunar landing in
2024. NASA plans to build a permanent moon-orbiting
base called the Gateway, similar to the ISS. From there,
the agency hopes to build a base on the lunar surface,
where it can mine the resources required to fly the first
astronauts to Mars. Russia has been pursuing plans in
recent years to return to the moon, potentially travelling
further into outer space.
Roscosmos revealed in 2018 plans to establish a longterm base on the moon over the next two decades,
while President Vladimir Putin has vowed to launch a
mission to Mars “very soon.”

Space ventures in the works include plans to mine
asteroids, track space debris, build the first human
settlement on Mars, and billionaire Elon Musk’s own
plan for an unmanned mission to the red planet. Musk’s
SpaceX, founded in 2004, has launched its Falcon 9
boosters more than 100 times, launched the world’s
most powerful operational rocket – Falcon Heavy – three
times, and transported astronauts to the International
Space Station.

NASA outlined in 2019 its long-term approach to lunar
exploration, which includes setting up a “base camp”
on the moon’s south pole. (Artist’s rendition courtesy of
NASA.)
The US, Russia and China are not the first nor the
only nations to jump on board the lunar mining train.
Luxembourg, one of the first countries to set its eyes
on the possibility of mining celestial bodies, created in
2018 a Space Agency (LSA) to boost exploration and
commercial utilization of resources from Near Earth
Objects. Unlike NASA, LSA does not carry out research
or launches. Its purpose is to accelerate collaborations
between economic project leaders of the space sector,
investors and other partners.

In this concept image, a resource prospector carrying
a payload roves on the lunar surface. (Image courtesy
of NASA.)
Geologists, as well as emerging companies, such as
US-based Planetary Resources, a firm pioneering the
space mining industry, believe asteroids are packed
with iron ore, nickel and precious metals at much higher
concentrations than those found on Earth, making up a
market valued in the trillions. On December 5, 2020, a
metallic asteroid 140 miles wide and worth an estimated
$10,000 quadrillion made its closest approach to our
planet.

The tiny European nation announced in November plans
to create a European Space Resources Innovation
Centre (ESRIC), in charge of laying the foundations
for exploiting extra-terrestrial resources. Luxembourg
is also supporting a program to begin extracting
resources from the Moon by 2025. The mission, in
charge of the European Space Agency in partnership
with ArianeGroup, plans to extract waste-free nuclear
energy thought to be worth trillions of dollars.

“With NASA and other companies investing in and
developing nuclear power for use in space travel and
colonization, the reality of mining asteroids is closer
than ever before,” says Bob Goldstein, CEO of US
Nuclear Corp. With proven successful fusion energy
experiments under their belt, US Nuclear and MagnetoInertial Fusion Technologies (MIFTI) believe they are
only a few years away from building the world’s first

Trillion-dollar market
Both China and India have also floated ideas about
Mining Engineers’ Journal, Vol. 22,
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pivot point” presents a significant opportunity for the
province’s mining industry and broader economy.
“Mining as an industry is an exciting place to be right
now,” he said during a panel discussion on responsible
mining at the BC Natural Resources Forum last week.
“Mining as an industry is being viewed as a solution.”

fusion power generator. Fusion power releases up to
four times as much energy as fission, and uses fuel
that is lightweight, low-cost, safe, and sustainable. A
spacecraft with fusion-powered propulsion systems
could reach the asteroid belt in as little as seven months.
According to Goldstein, it could be powerful enough to
transport the asteroid to an earth orbit where it would
be much more efficient to mine and transport these
valuable resources to earth.
Cecilia Jamasmie | February 2, 2021


Metals and minerals such as those found in B.C. play
a necessary part of economies’ transition to cleaner
energy sources and more environmentally friendly
products. “Copper is a critical element in our transition
to a global green energy economy. Wind turbines,
electric vehicles and energy distribution systems all
rely on copper, and we expect demand will continue
to grow,” said Clausen, adding that Copper Mountain
Mining is “fully committed” to that broader economic
transition.

Coal to exit from US power system by 2033, Morgan
Stanley says
Coal is on track to disappear from the U.S. power grid
by 2033 as the push for a carbon-free electricity system
gains strength, according to Morgan Stanley. The fossil
fuel will be supplanted largely by renewables, which
will supply 39% of U.S. electricity in 2030 and 55%
in 2035, according to a report Monday from Morgan
Stanley. The shift comes as a growing number of states
implement laws mandating utilities eliminate carbon
emissions from their fleets.

But miners’ ability to supply that transition with sufficient
resources to meet demand is not without its barriers.
The sheer length of time it can take to get a project
approved, built and operating can restrict supply. Weak
commodity prices can also erode the economic viability
of resource extraction. “We’re going to see a gap
between supply and demand, and I think that’s going
to be quite significant,” Clausen said. “There are a lot
of projects that are marginally economic, unfortunately,
in B.C. right now with current copper prices, but we
could really see that change overnight and wake up
a few years from now and have $6 copper,” said Kelly
Earle, vice-president of communications with Skeena
Resources Ltd. (TSX: SKE).

Coal supplied about 20% of U.S. electricity last year
and may rebound to as much as 22% in 2021 as higher
natural gas prices prompt utilities to shift their fuel mix,
according to Energy Department forecasts. But that
short-term rebound won’t overcome the global shift
toward cleaner sources of electricity, a trend that’s
getting a big push from President Joe Biden’s pledge to
put the U.S. on a path to an all-green power system.
Gas prices may climb 48% this year, which “drives coal
generation and the sector’s carbon footprint to increase
in 2021 but we continue to project a constant decline
thereafter,” Morgan Stanley analysts said in the report.
Bloomberg News | February 1, 2021


Earle noted that there has been some global interest in
B.C. copper projects. Last year, for example, Australia’s
Newcrest Mining Ltd. (TSX:NCM) acquired a large
copper and gold land package from Skeena Resources
for $7.5 million. “The key factor though is really going
to be the price of copper,” she said. In addition to
supporting a climate-conscious pivot to clean energy,
B.C. miners are looking inward, and focusing on
reducing their emissions and environmental footprints.

Mining key to transition to green economy
The CEO of one of British Columbia’s biggest copper
mines believes the “ultimate death” of the carbon
economy will fuel new investments in infrastructure
and responsible mining projects.

Copper Mountain Mining has committed to achieving
carbon neutrality by 2035, and is striving to be one of
the lowest greenhouse gas-emitting open-pit copper
mines globally in the next 10 years. This year, it will
implement Phase 1 of its electric trolley assist project,
to reduce diesel consumption.

“Fundamentally, I believe that we are in one of these
once-in-a-century economic changes, and that’s
fundamentally driven by the ultimate death of our
carbon-based economy – which is a mature economy
now – and the transition to a green energy economy,”
said Gil Clausen, president and CEO of Copper
Mountain Mining Corp. (TSX:CMMC), which operates
Copper Mountain near Princeton.

Pretium Resources Inc.’s (NYSE, TSX:PVG) Brucejack
Mine in northwest B.C. emits 0.05 tonnes of carbon
dioxide equivalent per ounce of gold – 10 times below
the average emissions of intermediate gold producers,

According to Michael Goehring, president and CEO of
the Mining Association of BC, this “once-in-a-lifetime
Mining Engineers’ Journal, Vol. 22,
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severe oxygen shortages and desperate staff. “Nobody
wants a poor, uneducated and sick population. So, why
is there so much pressure to open indigenous lands or
conservation units? The results show that, instead of
investing in an activity that is not bringing development
to people, we should invest in new development
alternatives,” said Rodrigues.

said company president and CEO Jacques Perron.
Pretium is testing battery-powered electric haul trucks
to replace the diesel trucks it uses underground.
“Responsible mining, at the end of the day, for me it
means that we care,” said Perron. “Responsible mining
is making sure that we consider everybody, and we
look at all possible ways to minimize the impact of our
activities.”

The Amazon has more than 4,470 illegal mining sites,
more than half of them in Brazil, according to a report
published last year by nonprofit group Amazon GeoReferenced Socio-Environmental Information Network.
To date, only 26% of the country’s territory is mapped
for exploration, according to the Geological Survey
of Brazil. In the Amazon, geologic knowledge is even
less.
Bruno Venditti | January 29, 2021

Skeena Resources is working to advance the second
chapter of the Eskay Creek Mine project, which
previously operated as an underground mine powered
entirely by diesel. This next phase is envisioned as
an open-pit operation that will run on green energy,
a transition made possible by a hydroelectric power
station less than 10 kilometres away.
Hayley Woodin, Mining.Com | February 5, 2021




Mining the Amazon brings low returns for local
communities – study
Mining the Amazon has been a hot topic of debate in
recent years, intensifying as Brazilian president Jair
Bolsonaro seeks to unlock its riches. But according to
a new study, exploring for gold and diamonds does not
bring significant advantages to local municipalities.
This week, as he reinforced his commitment to the
conservation of the Amazon at the World Economic
Forum, Brazilian vice president Hamilton Mourão met
with representatives of the mining sector seeking to
regulate current illegal operations in the Amazon, and
mineral exploration in protected areas.

In an opening keynote address at the start of the
Roundup conference, mine financier Robert Friedland
predicted the day may not be far off when metals like
copper or cobalt, which basically sells for the same
price no matter where it’s mined or who mines it, will
be priced differently, depending on things like where
it’s mined, what its carbon content is, and the company
that mined it. In other words, some commodities might
fetch a premium for being responsibly and sustainably
mined, or for having a smaller carbon emissions
intensity.

The effects on indicators such as health, education
and GDP per capita are brief, ceasing to exist between
three and five years, reveals the study “What is the real
socio-economic impact of gold and diamond exploration
in the Amazon?”, prepared by an interdisciplinary team
of specialists led by Carlos Manso, a researcher at the
Federal University of Ceará state and release by the
Instituto Escolhas.
“Mining exploration has only a temporary effect since
the activity is not capable of altering important indicators
for the municipality,” Instituto Escolhas manager
Larissa Rodrigues said in the report. “Last year, we
surpassed 100 tonnes of gold extraction in Amazon,
raising almost $5 billion. Who is this wealth with? What
remains is a trail of environmental destruction and a
sick and uneducated population,” Rodrigues said.

While the mining industry has made big strides in
ESG, it hasn’t always done a good job on disclosure, a
number of panelists said Thursday at a session on the
topic and its importance in raising capital. Companies
that need to raise capital will want to pay more than
lip service to ESG, if they want the big bucks from
institutional investors.

Hospitals in the Brazilian city of Manaus – Amazonas
state capital – have reached a breaking point while
treating covid-19 patients in January, amid reports of
Mining Engineers’ Journal, Vol. 22,
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Investors look to ESG ratings as proxy for risk
mitigation
Not so long ago, those involved in mining and
exploration could attend a conference, like [last] week’s
Association for Mineral Exploration (AME) Roundup,
without ever hearing about “ESG” – the guidelines for
being socially and environmentally responsible. But
for the mining and exploration sector in particular, it
has become unavoidable. If you attend a session on
financing, you are going to hear about the importance
of environmental, social and corporate governance
(ESG), and all that goes with it –social licence,
sustainability, climate risk and diversity and inclusion.

Just in the last two years, Bonita To, mining specialist
for institutional investing at Scotiabank, said there has
been a big uptick in the number of institutional investors
14
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countries you work in. Try to work with the national
governments, paying responsible amounts of taxes
and paying the royalties.”
Nelson Bennett - Business in Vancouver | Jan. 25, 2021

committing to responsible investment principles –
about 3,000 of them, representing $303 trillion worth of
investment under management. “These principles are
taken very seriously,” she said.
Investors in Europe are getting particularly fussy about
it, as Randy Smallwood, CEO for Wheaton Precious
Metals (TSX:WPM), learned when his company listed
on the London Stock Exchange in October. “I have to
say that the scrutiny that we went through in terms of
meeting with UK-based funds that can only invest on
LSE-listed companies was a level higher than what
we’ve ever experienced in North America in the past,”
Smallwood said.



“It’s just critical,” Ross Beaty, chairman of Pan American
Silver (TSX:PAAS) and Equinox Gold (TSX:EQX) said.
“Every single meeting you have with investors, it’s
number one on the topic (list).” As a streaming company
that invests in mining companies, Wheaton Precious
Metals does its own due diligence on companies it
invests in, and ESG is one of the things it considers.

Since 2018, the Switzerland-based research
organization assesses each year the policies and
practices of 30 large companies producing 25% of
mined commodities, from gold to copper and coal,
and which operate in more than 40 countries. Based
on the foundation’s Responsible Mining Index (RMI)
major miners including the likes of BHP, Rio Tinto,
Vale, Anglo American, Glencore, Newmont, Barrick
and Teck Resources, score on average a low 19% on
human rights-related issues.

Investors look to ESG performance and ratings as a
proxy for good management and risk mitigation. It is
essentially a playbook for decreasing risks a company
might face in a country where it plans to build and
operate a mine — from carbon emissions intensity
and mine tailings management to indigenous relations
and worker safety. Smallwood said mining companies
have generally done a good job of improving their ESG
performance, but have not done such a good job at
disclosure.

Phil Bloomer, executive director of the Business and
Human Rights Resource Centre, said there are a
few companies that scored 75% or above on their
management strategies and action plans to assess
and address specific risks. Those include issues such
as water rights, Indigenous peoples’ rights, land rights,
resettlement, workers’ rights, security forces and child
labour.What concerns Bloomer is the lack of consistency
across all human rights issues demonstrated by the
mining companies analyzed.

It’s hard for investors to know if the company has a good
ESG track record if they don’t publish sustainability
reports or otherwise disclose just how they are
following their own ESG guidelines and meeting goals.
One of the problems there is a lack of standardization,
To said. There are plenty of ESG rating agencies but
their ratings may be all over the map due to a lack of
global standards.

“This report highlights better performance of a small
cluster of leading companies, and exposes the
negligence of the large majority,” the expert says.
“This not only leaves workers and communities more
vulnerable to abuse, but also heightens the risks
to the companies and investors, especially when
governments’ appetite for regulation to prevent abuse
is growing.”

“Until there is more standardization in reliability with
ESG rating agencies, investors are going to do their own
ESG work,” she said. “So my biggest recommendation
to the mining industry is to just disclose as much as
you can.” Beaty said things like ESG and social licence
are really just “buzzwords” for being a good corporate
citizen. “All they mean is doing the right thing,” he said.
“And that’s not rocket science.

Bloomer notes that when the 59 human rights-related
metrics are averaged, the highest score achieved is
only 55%. Only two companies (Anglo American and
Newmont) score higher than 50%.
Cecilia Jamasmie | February 18, 2021

“It means looking after your workers. It means making
sure they go home every day healthy. It means looking
after your communities. And it means looking after the
Mining Engineers’ Journal, Vol. 22,
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Most miners lag behind in human rights issues —
report
Ten years after the adoption of the UN Guiding
Principles on Business and Human Rights (UNGPs),
a new study says that most large mining companies
have failed to translate promises to communities into
action plans. According to the latest report by the
Responsible Mining Foundation, top mining companies
identify human rights-relates issues as a “material”
subject that is included in their public reporting. Most of
them, however, need to step up efforts to improve their
human rights record.
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Use of IT tools for development of a unique formula for
prediction of slope stability
Dr. Inumula Satyanarayana*

Abstract
The stability analysis and design of a highwall slope at Dorli opencast project-II (Dorli OCP-II) mine of M/s Singareni Collieries
Company Limited (SCCL) in India was conducted using IT (Information Technology) software FLAC/SLOPE. Parametric
analysis was conducted to obtain a relationship between the various influencing parameters and Factor of Safety (FoS). The results
of the parametric analysis were utilized to build a statistical model using another IT software SPSS (Statistical Analysis in Social
Science) as a simple guideline to predict FoS for highwall slopes in the Indian open-pit mining industry employing non-linear
regression technique. The developed unique formula can be used for stability analysis of pit slopes at any Indian openpit mine.
Keywords: Numerical modelling, Slope stability analysis, Factor of safety, Non-linear regression
suitability of the mine design and the general stability of the
mine slope. Extensive literature has been reviewed for gaining
knowledge about the different modes of slope failures and
the factors contributing to failure (Bauer, et al., 1971). Factor
of safety (FoS) is one such index, which has been extensively
used for assessing the stability of pit slopes, underground
pillars, tunnel structures, etc. There are many factors that
influence the factor of safety of pit slope, namely, structural
discontinuities, inherent physico-mechanical properties of
the ground, ground water condition, the stress regime and
the geo-mining condition etc. Numerous researchers have
conducted parametric study to understand the influence of
the parameters contributing to slope instability. The primary
task is to calculate the factor of safety and to understand
the dependency of this index on various factors mentioned
above (Lin, et al, 2014; Shen, et al, 2013; Ugai, et al, 1995,
Zheng, et al, 2006, Zhouand, et al, 2013).

Introduction
For safe and optimum pit design, understanding the stability
of pit slope is of prime concern for design engineers prior
to or during excavation of minerals. The major threat in
exploitation of mineral from open pit mining is the stability of
pit slopes and have to be investigated on a sound scientific
basis to ensure long-term stability until the completion of
the project. A slope failure in an open pit mine can cause
significant economic loss and hazard to workers. The author,
being a member of regulatory body in India, has analysed
the accident statistics and the results of the study revealed
that the total number of fatalities in all Indian open pit mines
(coal and metal) were 368, out of which 231 (63%) occurred
during last three years (2015-2017). During this period,
the fatalities due to slope instability were 95 accounting
for 41% of all open pit fatalities. Indian opencast mining
industry had witnessed 4 disasters (involving ten or more
fatalities per accident) resulting in 60 fatalities during the
period 2000-2019. The statistical analysis of the accident
data established a fact that accidents due to slope failures
assumed an increasing trend. The study revealed that
many slope failures in Indian mines have occurred due
to lack of sound stability analysis and design of slopes
(Satyanarayana, et al., 2018). The opencast mines are
gradually increasing and going deeper day by day and the
underground mines incurring heavy monetary loss are being
gradually converted to opencast mines (Bauer, et al., 1971).
However, pit slope design guidelines are yet to be framed for
different prevailing geo-mining conditions in India. There is
an increasing demand to develop such guidelines for safe,
economic and optimum design of slopes.

The interactions between different parameters that affect
slope stability are complex and multi-factorial, so often
it is difﬁcult to describe the slope stability mathematically
or analytically. To bridge this gap numerical and statistical
methods prove handy and powerful.
Even though research development in the field of slope
stability has been commendable in the recent years but
it has been observed after critical review of literature that
parametric analysis of slope stability using numerical
modelling is lacking, particularly for highwall pit slopes. In
order to cater to this need, parametric analysis with the help
of numerical modelling using FLAC/SLOPE software has
been conducted for the highwall pit slope at dip-side of Dorli
Opencast Project-II (Dorli OCP-II) of M/s Singareni Collieries
Company Ltd. (SCCL) in Godavari Basin, India. In this

During preliminary design of an opencast mine, numerical
and statistical analyses play a great role to assess the

*Deputy Director of Mines Safety (Mines), Directorate General of Mines and Safety (DGMS), Dhanbad - 826001, India,
e-mail: isatyanarayana@dgms.gov.in
Mining Engineers’ Journal, Vol. 22,

No. 8

17

March 2021

n Technical Article

of a crack at the surface on dip side of the mine in the year
2016 (Fig. 2).

research, the degree of influence of the major parameters
namely, overall pit slope angle (), slope height (D), strata
density (), cohesion (C), and internal friction angle () on
FoS of the highwall pit slope are critically analysed at this mine
for optimum design of the same. The minimum acceptable
FoS for overall stability of the case study presented in this
paper is 1.2 on the basis of acceptance criteria for overall pit
slope design (Read, et.al, 2009).
Based on the data extracted from the results attained from
parametric study through numerical analysis, this paper
also proposes the use of IT software SPSS to develop an
empirical formula for precise prediction of FoS of highwall pit
slope incorporating the influences of all the afore-mentioned
parameters. The statistical model developed as a result of
the exercise can be used as a guiding tool for estimation
of highwall slope stability at any mine in India possessing
similar geo-mining conditions.

Fig. 2 Premature slope failure with the development of a crack at Dorli
OCP-II

Field and Model Description
Location of the Mine
The Dorli OCP-II is located in the North western extremity of
Godavari coal basin. It is bounded by Latitude 190 16’ 44” to
190 18’ 06”N and Longitude 790 10’ 07” to 790 11’ 40”E and
falls in Survey of India toposheet no. 56 M/3. This project is
located between Dorli and Dantampalli villages in the state
of Telangana, India. The total project area is 277.58 Ha. The
borehole density is 19.47 per Sq.km. The general trend of
the coal seams in this mine is N650-700W to S650-750E
with north-easterly dips. The location plan and borehole
section of Dorli OCP-II are shown in Fig.1.

Numerical modelling and parametric study
The representative model of Dorli OCP-II highwall slope has
been modelled in FLAC/SLOPE (Itasca Consulting Group,
Inc., USA) software with the actual slope height of 160 m
and real pit slope angle of 41° (Fig. 3). The true thickness
of different strata and average inclination of the seam (1 in
8) are also considered in the model. The model dimensions
are 800 m long and 260 m high. The top soil, weathered
sandstone, sandstone and coal as observed in the field
are used as the model material in the calculation of FoS.
The rock samples were taken during field investigation and
geo-mechanical properties like cohesion, internal friction
angle and density have been determined in the laboratory.
The physico-mechanical properties of the starat layers and
coal seam obtained from the laboratory test are presented
in Table 1 and the weighted average properties (Row no. 5 in
Table 1) are considered for parametric analysis of pit slope
stability. In the numerical model, no horizontal displacements
were allowed on the vertical boundaries, while the bottom
boundary was completely fixed in both vertical and horizontal
directions. The objective is to study the long-term behaviour
of the pit slope.

Fig. 1 Location plan and borehole section of Dorli OCP-II

As no significant joints were observed during formation of
pit on dip-side of Dorli OCP-II, the best suitable numerical
method selected for parametric analysis of pit slope stability
was 2D continuum modelling. The slope material in the
model is in line with the ideal elastic-plastic model and
Mohr-Coulomb constitutive model have been assigned to all
layers with the properties mentioned in Table 1. The FoS of
pit slope is computed with FLAC/SLOPE (Itasca Consulting
Group, Inc., USA) by reducing the shear strength of slope
material in stages until the slope fails.

Description of the Mine
The mine has been designed and working on experiencebase without any scientific study with a rated capacity of 0.7
MTPA (Million Tonnes Per Annum). The depth of extraction
is up to 160 m. The gradient of the coal seams is 1 in 6
to 1 in 10.5. The mining technology adopted in this mine
under prevailing geo-mining conditions was Shovel-Dumper
technology. The mine was started in the year 2007 and
closed due to premature slope failure with the development
Mining Engineers’ Journal, Vol. 22,
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Fig. 3 Model geometry of Dorli OCP-II highwall pit slope using FLAC/SLOPE in drained condition (D - 160 m, θ - 41o)

Table 1. Natural geological parameters of dip side pit slope at Dorli OCP-II
Sl. No.

Lithology

Cohesion (C) (Pa)

Friction angle () (degree)

Density () (kg/m3)

2

Weathered Sandstone

100000

15.00

2140.67

3

Sandstone

150000

20.00

2242.61

4

Coal

130000

19.00

1539.25

5

All strata (Weighted average)

136476

20.75

2137.07

summary of the ranges of assumed parameters (372 data
set) that have been taken as input and the result obtained
from parametric analysis using FLAC/SLOPE, i.e. FoS have
been listed in Table 2. The shear strength parameters of the
slopes, namely, cohesion and friction parameters are greatly
influenced by the presence of ground water. Its presence
within the slope can prove to be unfavourable to its stability
(Hoek and Bray, 1981; Naghadehi et al., 2013). In the scope
of the study, the influence of ground water table has not been
considered explicitly by making any model in undrained
condition. However, the alteration in the physico-mechanical
properties of pit slope due its presence has been studied
indirectly by accounting for a large variation in the range of
these properties (Table 2). This large variation accounts for
the influence on FoS due to the presence of ground water
table within the pit slope.

Results and Discussion
The estimated FoS obtained from the numerical modelling
analysis for highwall pit slope of Dorli OCP-II is shown in
Fig. 4 and is 0.95. The results obtained from the numerical
analysis in drained condition show that the pit slope has
failed as factor of safety is less than 1.2 which portrays the
reality of the actual situation in the field (Fig. 2). Tensile cracks
had developed leading to the failure of the highwall slope.
Consequently, the working of the mine had to be stopped.
This acted as the motivation for the research to investigate
the influence of the parameters contributing to the failure
and take precautions to avert such failures in future. In order
to accomplish it the input parameters used for the numerical
modelling were changed one at a time keeping rest
parameters constant. The data extracted from the results
obtained after each such model have been stored, prepared
and used for building a non-linear statistical model later. The

Table 2. Descriptive statistics of the parameters utilized for building the empirical model
No. of
observation

Parameters

Min.

Max.

Mean

Std. Dev.

Density (Kg/m3), 

100

4400

2181.284

529.71

Cohesion (Pa), C

5000

570000

172910.3

96469.43

2

67

23.42

10.75

14

89

43.19

10.74

Slope height (m), D

5

510

185.71

86.59

Factor of safety, FoS

0.33

12.552

1.24

0.94

Internal angle of friction (degrees), 
Overall pit slope angle (degrees), 
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FoS = 21.151  D-0.72  exp0.03*  C0.460  -0.585  exp-0.025*
The sign convention of the coefficients of regression
pertaining to their respective input parameters signify the
influence of each parameter on the dependent variable.
The value of FoS got from the above equation needs to
be reduced by 20% to get FoS in wet condition (undrained
condition).
Table 3. Best relationship determined for each input
parameters and FoS
Fig. 4 Limiting failure surface and factor of safety obtained for DORLI OCP-II
highwall pit Slope from FLAC/SLOPE analysis

Statistical Model for prediction of Factor of Safety
(FoS)
Various parameters namely density (), cohesion (C),
internal angle of friction (), overall pit slope angle () and
slope height (D) has been identified based upon the intuition
gained after critical review of the literature for the prediction
of FoS. The data for the input parameters have been
derived from the above numerical results. The details of the
descriptive statistics of the data set have been summarized
in Table 2. Exploiting these data parametric analysis has
been conducted to find the relationship between each
input parameter and the reliant variable. For the parametric
analysis, a simple regression has been conducted between
one input parameter and dependent variable at a time
keeping the rest input variables constant (Fig. 5). Different
functions namely exponential, linear, logarithmic, power,
quadratic etc. were analysed to ascertain the relationship
between each input parameter and dependent variable. The
best relationship was selected based upon the statistical
significance according to student’s t-test at 95% confidence
interval, strong correlation and highest value of coefficient of
determination (R2). The summary of the simple regression
equations and R2 obtained from the above exercise have
been shown in Table 3. The relationships accomplished
displayed distinct non-linearity. Exploiting this fact, a novel
non-linear regression model has been developed using IBM
SPSS statistical software version 24. In addition, Spearman’s
rho correlation coefficients were obtained between each
predictor variables to identify multicollinearity (Table 4).
It apparent from Table 4 that each predictor variable is
independent of each other, necessitating the employment of
each input variables for the development of the model.

No. 8

Function

R2

FoS vs 

y = 42.006x-0.489

Power

0.97

FoS vs C

y = -9E-13x2 + 3E-06x
Polynomial
+ 0.5672

0.99

FoS vs 

y = 0.4406e0.0325x

Exponential

0.98

FoS vs 

y = 2.3107e-0.02x

Exponential

0.99

FoS vs D

y = 15.865x-0.535

Power

0.96

Table 4. Spearman’s Rho correlation coefficient between
input parameters
P (Kg/m3)

C (Pa)

(Degrees)

(Degrees)

D (m)

P (Kg/m )

1.000

-

-

-

-

C (Pa)

0.177

1.000

-

-

-

 (Degrees) 0.122

0.016

1.000

-

-

 (Degrees)

-0.017

-0.077

-0.055

1.000

-

D (m)

-0.025

-0.112

-0.080

-0.061

1.000

3

Table 5. Summary of the non-linear regression model for the
prediction of FoS
95% Confidence Interval
Parameter Estimate Std. Error Lower Bound Upper Bound
a

21.151

3.764

13.759

28.554

b

-0.72

0.005

-0.730

-0.711

c

0.03

0.000

0.029

0.03

d

0.460

0.016

0.429

0.491

e

-0.585

0.009

-0.602

-0.567

f

-0.025

0.001

-0.027

-0.023

Table 6. Analysis of variance (ANOVA)

The detailed summary of the regression analysis have been
presented in Table 5 and 6. The non-linear model developed
for the prediction of factor of safety (FoS) considering the
input parameters density () in Kg/m3, cohesion (C) in Pa,
internal angle of friction () in degree, overall pit slope angle
() in degree and slope height (D) in m is shown below.
Mining Engineers’ Journal, Vol. 22,

Predictive model

Source

Sum of
Squares

Degrees of
freedom (df)

Mean Squares

Regression

890.028

6

148.338

9.806

366

0.027

Uncorrected Total

899.833

372

Corrected Total

329.115

371

Residual
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Fig. 5 Relationship between FoS vs density, cohesion, internal angle of friction,
overall pit slope angle and slope height

In order to establish the reliability of the proposed nonlinear empirical model, the coefficient of determination
(R2), Variance accounted for (VAF) and root mean square
error (RMSE) have been attained. These are good indices
to validate the credibility of the empirical model (Murmu,
et. al, 2018). If the values of VAF for a particular model is
in proximity to 100 and RMSE close to 0 then the model
is considered to be excellent. The R2, VAF and RMSE
attained for the proposed empirical model are 0.97, 98.87%
and 0.031 respectively, which signifies that the model can
be satisfactorily used for the prediction of FoS. In addition
to these, a comparison has been made in terms of the
difference in the predicted values of FoS from the proposed
model and computed values from the numerical model for
Mining Engineers’ Journal, Vol. 22,
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close proximity to each other. Thus, it infers the significance
of the proposed model.

each data set (Fig. 6). It can be seen that the differences are
negligible and the lines representing both the series are in

Fig. 6 Comparison of computed and measured values of FoS

the research. The views expressed in this paper are those
of the authors and not necessarily of the institute to which
they belong.

Conclusion
In most applications, the primary purpose of use of IT tools
for geotechnical parametric analysis is to contribute to
the safe, economic and optimum design of pit slope. The
computer simulation techniques are being widely used
for pit-slope stability analyses because of their simplicity,
reliability, faster and accurate output. Parametric study has
been extensively conducted utilizing numerical modelling
and statistical technique. The parameters namely density
() in Kg/m3, cohesion (C) in Pa, internal angle of friction
() in degree, overall pit slope angle () in degree and slope
Height (D) were found to be significantly influencing the
FoS of the highwall pit slope. All the parameters displayed a
distinct and strong relationship with FoS having coefficient
of determination (R2) > 0.95. Non-linear regression with
multi-factorial interactions of major parameters has been
conducted to build a statistical model capable of precisely
predicting FoS. The non-linear model so developed was
found to be statistically significant. The R2, VAF and RMSE
has been calculated in order to check for the performance
of the non-linear regression model. The values of R2, VAF
and RMSE obtained are 0.96, 96.79% and 0.0195.These
indices indicates that the model is capable of predicting
FoS of the Dorli OCP-II with precision. Thee model can
be used for predicting FoS of pit slope in case any change
of geometrical and geological properties happen with the
progress of the mine. The empirical model developed can be
applied for the design of opencast slopes with similar geomining conditions in India and can reduce the time-period
of pit slope design because it does not require numerical
modeling.
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A critical review of available models for prediction of
tunnel boring machine performance parameters
Danial Jahed Armaghani1, Mohammad reza Koopialipoor2, Bhatawdekar Ramesh Murlidhar3*,
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Abstract
The tunnel boring machine (TBM) which has been developed in recent decades, is a machine that is designed to excavate a
safer and more economical tunnels. A key component in the successful planning of TBM tunneling is the accurate prediction
of TBM performance parameters. This paper is aimed to review the current models/methods for predicting TBM performance.
Over the past few decades, many studies have been carried out to develop more accurate and comprehensive TBM performance
predictive models. Previous studies in the field of TBM performance predictive models can be categorized into four groups including
theoretical, empirical, statistical, and artificial intelligence (AI). The theoretical models have been developed mainly by the use of
full-scale laboratory cutting tests. Due to these facts and also difficulty in conducting TBM cutter testing, theoretical models are
not of interest. The advantages of empirical models are their ability to take into account the ground conditions specially rock mass
behaviour. Nevertheless, these models are partly-limited in their use for scenarios where new machine parameters are introduced.
In addition, several scholars believe that these models are complex with many input parameters. Statistical methods can generate
a relationship between inputs or predictors and output which here is TBM performance parameters. However, based on some
reviews, these methods are not always robust enough to describe nonlinear and complex systems accurately. AI methods involve
adaptive mechanisms that enable computers to learn from experience, learn by example and learn by analogy. AI methods should
only be used when it can be demonstrated that the detailed information of a similar tunnel is available to support the prediction
of TBM performance on a new project. As a conclusion, although there are some advantages belong with theoretical, empirical
and statistical methods, in terms of accuracy, AI techniques can provide higher level of accuracy compared to the other techniques.
Nevertheless, these techniques are not available in public domain and sometimes are difficult to apply.
Keywords: Tunnel boring machine; TBM performance; Theoretical methods; Empirical methods; Statistical methods; Artificial
intelligence methods.
not address the impact of rock mass discontinuities while
as mentioned by many scholars, discontinuities within a
rock mass may affect TBM performance. On the basis of
the literature study, it was concluded that the most relevant
factors influencing the TBM performance parameters can be
categorised into three categories i.e. rock mass properties,
rock material properties and machine characteristics
(Bruines, 1998). The previous related works considered many
parameters such as rock mass rating (RMR), rock quality
designation (RQD), uniaxial compressive strength (UCS),
Brazilian tensile strength (BTS), thrust force (TF), revolution
per minute (RPM), intact rock brittleness (BI) and angle
between plane of weakness and TBM-driven direction () as
input parameters to predict TBM performance parameters
(Yagiz, 2002, Mahdevari et al. 2014;JahedArmaghani et
al. 2017). A brief review of the most important previous

Introduction
The tunnel boring machine (TBM) which has been developed
in recent decades, is a machine that is designed to excavate
a safer and more economical tunnels. TBMs are applied to
massive scale of tunneling and underground construction
in both mining industry and civil construction. Along with
the recent development of machine manufacturing and
rapid advancements occurred in technology, in particular
information and computer technologies, influential and
somewhat smart machines have appeared in the market. A
key component in the successful planning of TBM tunneling
is the accurate prediction of TBM performance parameters,
notably the penetration rate (PR) and the advance rate
(AR). Over the past few decades, several studies have been
carried out to develop more accurate and comprehensive
TBM performance models. Many of the earlier models could
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related studies is performed in the present study and their
advantages and disadvantages are discussed in detail.

have effect on TBM performance. It is noticeable that other
factors, e.g., discontinuity orientation, may also be important
to overall performance of TBM; thus these factors should
be taken into account (AlvareGrimaet al., 2000). Base on
many studies (e.g. Yagiz, 2008), weathering, joint density
or discontinuity in rock mass, ground condition are the key
parameters on the estimation of TBM performance. Maidlet
al. (2012) mentioned that shear and tensile strengths,
rock type, mineral composition and joint condition are rock
mass properties which can influence rate of penetration.
According to AlvareGrimaet al. (2000), the most significant
characteristic of a machine is thrust force. The number of
mounted cutters upon TBM lets users compute maximal
thrust per cutter, which is employed in the majority of the
models. To increase the thrust per cutter is of the highest
advantage for the TBM performance. In addition, the maximal
torque, maximal power, and maximal RPM have relationship
with thrust force. Primarily, these parameters are dependent
upon the diameter of tunnel. According to Maidlet al. (2012),
spacing of disc tracks, disc type, thrust and torque are the
most effective parameters of TBM machine on PR. The
geometry of the tunnel is known as a parameter of a great
importance. According to AlvareGrimaet al. (2000), many
parameters, including the rock mass stability, torque, RPM,
and the total amount of consumed power are under the
influence of diameter of the tunnel. Generally, the increase
of diameter leads to the decrease of the TBM performance
(AlvareGrimaet al., 2000; Maidlet al., 2012).

Tbm Performance Parameters
A TBM is a complex set of equipment assembled to excavate
a tunnel. TBM system performance is evaluated using
several parameters that must be defined clearly and used
consistently for proportional applications. TBM performance
is commonly measured in terms of utilisation index (UI),
PR and AR which rely on the site geological conditions,
geomechanical properties of rock, hydrological conditions,
machine design parameters, engineering, construction and
operational factors (Mahdevariet al., 2014).The equations
of PR, AR and UI are presented in Table 1. In addition,
Figures 1 and 2 show the factors influencing PR and AR,
respectively.
Based on the literature, in general, the three most relevant
factors that influence the TBM performance parameters are
rock mass and material properties, machine characteristics
and geometry of the tunnel (Bruines, 1998). The intact rock
and the discontinuity structure of rock mass are used for
the determination and evaluation of rock mass properties.
Based on the previous investigations, major parameter
of intact rock, which can influence the TBM performance
results, is the rock compressive strength, known asUCS
(e.g. Innauratoet al., 1991). Greater rock strength generally
results in a lower performance (Alvarez Grimaet al., 2000).
Bruland (1988) stated that the discontinuities orientation can
Table 1: Definitions of TBM performance parameters
Parameter

Equation

Definition

UI

UI= TBM boring time ×100 Shift time

expressed in percentage, evaluated as an average over a specified period

PR

PR = Distance bored TBM boring time

expressed normally in m/h or mm/min

AR

AR = Distance bored Shift time

ibmoered average speed of the advancement of tunnel, expressed in rings per
day or m/day

the most important theoretical methods are discussed in the
following sections:

Tbm Performance Prediction Models
Various methods and principles of TBM performance
prediction have been employedThe TBM performance
prediction methods can generally be categorised as follow:
1. Theoretical models (based on laboratory testing and
cutting forces)
2. Empirical methods (based on field performance of
TBMs and some rock properties)
3. Statistical methods (based on mathematical rules)
4. Computational methods (based on artificial intelligence
techniques)

Cutter Load Approach
To find force equilibrium equations, on the basis of failure
mechanism of the rock, the theoretical models make
an analysis on cutting forces that act on the disc cutter
(Roxborough and Phillips, 1975; Ozdemiret al., 1978;
Snowdon et al., 1982). The theoretical models were
developed primarily through the use of full-scale tests of
laboratory cutting or indentation tests to make estimation of
the cutting forces considering the cutting geometry, cutter,
spacing, and penetration of the cutter. Cutter head RPM,
installed power, disc spacing, and thrust are key parameters
in the TBM design, which have effect on the resulting PR.
Disc rolling velocity and loading capacity determines cutter

Theoretical Models
Several approaches have been used for evaluation of TBM
performance prediction by different researchers. Some of
Mining Engineers’ Journal, Vol. 22,
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Colorado School of Mines (CSM) modelhas been developed
and named after research works at Colorado School of Mines.
The first version of this model was developed by Ozdemir
(1977) and was updated by Rostami (1997). The CSM model
estimates the cutter forces for a given penetration (mm/rev),
based on rock properties, and cutter and cutting geometry.
The formula can be used to estimate forces for a given
penetration or maximum obtainable penetration. The model
is based on a large database of full scale linear cutting tests
performed on rock samples in the CSM laboratory. Equations
of Rostami (1993) have been used in various projects with
a suitable degree of success. The total estimated resultant
cutting force was derived as follows:

head RPM and machine thrust, respectively. Also, for a given
depth of penetration per revolution, the rolling force can be
estimated, which in turn is used for calculation of cutter head
torque, and combined with RPM, defines the head power
requirements. Spacing to penetration (S/P)ratio is used to
determine cutting efficiency since it has been proven that
within a certain range of S/P, specific energy of cutting is
minimised. Roxborough and Phillips (1975)used basic
principles and cutting geometry to calculate the theoretical
normal and rolling forces on a single V-shape disc cutter.
This model was an early attempt to predict cutting forces
and hence TBM performance. The normal force required for
penetration was basically the product of the area of the disc
contact against the rock surface and the UCS of the rock. A
formula was suggested to determine the normal and rolling
forces from UCS of the rock, disc diameter and penetration.
		

(5)
where Ft = Total resultant force, T = Cutter tip width, R =
Cutter radius,  = Angle of contact area between rock and
cutter,

(1)

where: FN = normal force, d = disc diameter, P = penetration,
 = one-half of cutter tip angle. The rolling force is estimated
as follows:
			

and
				

(2)

where Pc = Pressure of crushed zone,  = Power of pressure
function, Po = Base pressure in the crushed zone at the
point directly underneath cutter,  = Position angle. In the
equations above, T and R represent parameters related to
cutter geometry. The angle  can also be calculated once the
penetration is known. The power of the pressure function, 
varies between 0.2 for V-shape and very sharp cutters to
-0.2 for wider tip cutters, and often can be set to be 0.1. The
base formula was force as a product of pressure and area
of contact. Yet the equation for estimation of the pressure
of crushed zone P0 was derived by regression analysis
on available data within CSM database. As such, this
equation was not dimensionally correct and was a linear or
polynomial combination of several variables. Therefore, if a
logarithmic regression was to be used, the right combination
of parameters could be derived. The results of the later
analysis performed over an extended database by Rostami
(1997) produced equations which are very close to the right
dimension, and subsequently were rounded off to offer a
dimensionally correct equation. Using the equations derived
from regression analysis of measured forces by Rostami
(1997), base pressure Po can be estimated as follows:

Obviously, any model for estimation of cutter load must
include the spacing between the cutters, which is not
included in this model (Ramezanzadehet al., 2004). Sanio
(1985) proposed a tensile failure model for chip formation
and introduced some equations for the estimation of cutting
forces, as follows:
			

(3)

where  = Tip wedge angle, 0 = Hydrostatic pressure in the
crushed zone. Sato et al. (1991)followed Sanio’s work and
used the same approach, but on a rotary cutting machine
(not linear cuts). He offered the following equation:
				

(4)

where F = Force, k = coefficient of cutting, P = penetration, a
= penetration coefficient, ~0.5 for normal force, ~1 for rolling
force, S = cutter spacing, b = spacing coefficient, ~ 0.5 (0.43)
for both forces.
The rolling coefficient (Fr/Fn) is independent of spacing and
increases with the square root of penetration. The coefficients
b and a are almost independent of rock type, whereas k is a
function of both rock type and cutter geometry. Also, k was
found to have little or no correlation with fracture toughness,
as stated by Sanio (1985), nor with fracture surface energy,
as mentioned by Nelson (1983). Additionally, k had no
significant correlation with rock compressive and tensile
strengths. Specific energy of cutting, however, has shown a
strong correlation with UCS of the rock.
Mining Engineers’ Journal, Vol. 22,
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(6)

				

(7)

where C = Constant, ~2.12, S = spacing between the cutters,
c = UCS of rock, t = tensile strength of rock.
This model suffered from a drawback; it did not consider
quantitatively the properties of rock mass, including rock
brittleness, fracture orientations, and planes of weakness.
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with a theoretical basis by the use of force equilibrium or
energy balance theories. In both of them, the simplification
on the disc indentation geometry and the distribution of
contact zone stress lead to deriving coefficients through the
correlation of some given parameters in database. Most of
the prediction methods have the same trends; however, in
terms of machine characteristics and geology, the empirical
methods are case specific. Prediction methods that do
not consider operating conditions of thrust and torque,
cannot be applied to project machine performance, since
equipment operational parameters vary from time to time
(Ramezanzadehet al., 2004). Empirical models can be
grouped as follows:

Yagiz and Ozdemir (2001) and Yagiz (2002) made a
modification on the CSM model through the addition of
brittleness of intact rock and the fracture properties of the
rock masses as indices to the model. Ramezanzadeh (2005)
developed a TBM field performance database for more than
60 km of tunnels, and in the case of discontinuities and
joints, adjustment factors were offered for the CSM models.
Specific Energy Approach
Snowdon et al. (1982)introduced the relationship between
rolling force normal forces and penetration in a comprehensive
study of disc cutting in British rocks. Snowdon used a single
small-diameter (200 mm) V-shape cutter to show that there
may be an optimal spacing to penetration (S/P) ratio that
gives the lowest specific energy to cut the rocks. They
asserted that for each spacing and rock type combination,
there is a critical penetration beyond which no further
reduction in specific energy of cutting is realised and also
showed that the forces increase approximately linearly with
spacing until S/P value of 15-20 is reached. Snowdon et al.
(1982) discussed the relationship between the normal and
rolling forces by using selected British rocks and described
the relationship between the normal and rolling force. Boyd
(1986) proposed a model that adopted an entirely different
approach. In his model, it was assumed that the rock mass
has a specific energy required for disintegration. In cases
where the cross sectional area of tunnel and power of the
installed cutter head are known, the following equation can
be used to compute the PR:
					

Laboratory Approach
In the model introduced by Graham (1976),the PR was
calculated as one function of the typical forces per cutter the
RPM, and UCS of rock between 140 MPa and 200 MPa. In
this model, the discontinuities and cutter properties were not
taken into account.
				

where cf is uniaxial compressive strength (kN/m2), Fn
is average cutter force (kN) and Prev is penetration per
revolution (mm/rev).
Farmer and Glossop (1980)proposed a model that calculates
PR values using the rock tensile strength and average cutter
force. This model was on the basis of eight case histories,
which can be the most important limitation in regard to
wide variety of available TBMs. This model did not take into
consideration the cutter geometry and rock mass properties
(i.e. discontinuity).

(8)

where PR is rate of penetration (m/h), HPis installed
cutterhead power (kW),  is mechanical efficiency factor, SE
is specific energy (kWh/m3), and A is tunnel cross sectional
area (m²). The theoretical models have been developed
mainly by the use of full-scale laboratory cutting tests or
indentation tests. Although laboratory cutting tests provide
the basic understanding of rock fragmentation, however, the
most important drawback of such tests is the fact that they
do not show entirely the conditions of the actual rock mass
TBM disc cutters encounter in the field (Khademi Hamidiet
al., 2010). In addition, the equipment of this type of tests
might not be available in all of the research centres in the
world (Khademi Hamidiet al., 2010). Where such testing
is not possible, TBM performance predictions may need
to be based on an adjustment of performance data taken
from sites where a rock with similar strength properties was
bored. These adjustments may introduce significant errors
into the estimation process (Farrokh et al., 2012).

				

No. 8

(10)

where t is tensile strength (kN/m2), Fn is average cutter
force (kN) and Prev is penetration per revolution (mm/rev).
Similar to the model proposed by Graham (1976), Hughes
(1986)developed another model in which the force per cutter,
RPM, and UCS of the rock were taken into consideration.
Also, this model included the radius of the discs and the
number of cutters per kerf (groove). However, the only rock
property used in this model is unconfined compressive
strength. The model did not consider rock mass properties,
such as joints or other intact rock properties, such as
tensile strength, which can have significant effects on TBM
performance. Bamford (1984)established the relationship
given below by correlating TBM performance in two tunnels
with wide ranges of rock material properties and indices. The
results showed that PR is best predicted by a combination of
Schmidt hammer rebound hardness, machine propel thrust
force, NCB cone indenter index, and angle of shearing
resistance. He proposed the following equation:

Empirical Models
Several studies have been carried out for correlating the
results of laboratory index test to the TBM PR. The prediction
equations are either derived empirically or developed
Mining Engineers’ Journal, Vol. 22,
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discontinuity direction and spacing, machine characteristics
like thrust per cutter, RPM, and cutter size.

(11)
where PR is penetration rate (m/hr), Rn is Schmidt hammer
hardness, T is machine propel thrust force (t), Nc is
NCB cone indenter index (N/mm),  is angle of shearing
resistance (degree). Although a good correlation was found
to exist between the above predictors and field performance,
the model did not incorporate the rock mass properties
and a number of machine parameters may be affected
by different geological conditions (Ramezanzadehet al.,
2004). A performance prognosis model was developed by
Nelson et al. (1983) with analysing the construction records
documents of TBM performance in the process of excavation
of four tunnels in sedimentary rocks, as follow:
			

RMi model: Palmstrom (1995) developed another model
based on rock mass index (RMi). This model is to be
considered the closest relation to NTNU model with its
parameters. The effects of rock mass factors have been
properly taken into consideration, in particular the jointing
properties. RMi characterisation of jointing and joints
comprises three dimensional occurrences. It therefore
incorporates the effect of more than one joint set. In addition,
the RMi parameters comprise joint features of significance
for the shear strength of the joints that is effective on the
TBM boring rate. For that reason, RMi must suitably assess
the boring penetration of the tunnel in moderately hard and
hard rock masses. In general, it is said that the presence of
joints makes an improvement on the boring rate.

(12)

where Prev is penetration per revolution of TBM, HA is Taber
abrasion hardness developed by Tarkoy and Hendron (1975).
During their study, it was concluded that the PR depends
on operating thrust and torque in addition to rock type, and
as a minimum, PR should be considered in terms of thrust.
Therefore, they proposed a correlation between rock index
property (HT, total hardness) and PR normalised with thrust
as follows:

QTBM model: Barton (1999) developed a new model,
QTBM, based on existing rock mass classification, Q-system
by incorporating additional machine-rock mass interaction
parameters. The conventional Q-value, together with the
cutter life index (CLI) and quartz content help to explain
some of the delays involved. QTBM was proposed in order
to predict PR and AR of the TBM. In addition to the existing
parameters in Q-system including RQD, number of joint set
(Jn), roughness condition (Jr), alteration condition (Ja), water
condition (Jw) and stress reduction factor (SRF), Barton
(1999) utilised additional parameters namely average cutter
load (F), compressive and tensile rock mass strength (cm or
tm), CLI, the quartz content (q), biaxial stress on the tunnel
face () in his proposed model.

(13)
where HT = total hardness, SRn = Schmidt hammer rebound
hardness, FPI = field penetration index, average cutter load/
penetration per revolution, (kN/mm or lbs/in).
Field Approach
TBM performance and operational characteristics in the
field, and their relationship with geological conditions and the
physical and mechanical properties of rock mass have been
the subject of extensive researches. The main advantage
of field studies over research conducted in the laboratory
is that they contain the complexity of both machine, and
geology, as well as of rock mass properties. This approach
is interesting for the tunnel design engineers and project
planners since it is practical and based on experiences
obtained from actual tunneling operations. Furthermore,
the information generated in these studies can be used to
confirm and validate related investigations in the laboratory
using disc cutters. They provide a basis for extending the
results of laboratory researches to field TBM performance
by offering the required correction factors to account for
the added complexity of the overall excavation system. In
following section, some of these models are discussed.

RME model: Bieniawski et al. (2006) developed rock mass
excavatability (RME) model which is similar to the RMR
classification system to estimate performance of doubleshield and open-type TBMs. Excavatability refers to the
excavation rate that is stated as machine performance in
meters per day. The development of RME index was done
according to the case histories that have been gathered
from more than 400 tunnel sections. The index has been
already updated many times (Bieniawski, 2007; Bieniawskiet
al., 2006, 2007). Barton and Bieniawski (2008) indicated
that the development of RME was on the basis of the RMR
classification, like QTBM that was developed using Q-system.
When RME index is available, the tunnelling technique is
selected based on the TBM performance quantification that
includes the average rate of advance (ARA). Therefore, the
input parameters of RME are those that have higher effect on
ARA, including drillability, stand-up time, UCS of intact rock,
groundwater inflow, and discontinuities at the excavation
front. It is worth mentioning that using RME model, only
results of actual AR can be predicted empirically.

NTNU model: Bruland (1998) presented an updated version
of the model presented by Lislerud (1983), which was
developed by the same Norwegian research group. In NTNU
model, intact rock properties are involved in the form of drilling
rate index (DRI). This model took into consideration the
Mining Engineers’ Journal, Vol. 22,
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A brief review on QTBM model and rock RME index was
performed by Goel (2008). Then, he used QTBM and RME
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joint condition, tensile strength have significant effects on
TBM performance.

models to predict TBM performance of the Himalayan tunnel,
India. It was found that the actual PR and AR results are less
than the estimated PR and AR values obtained by QTBM and
RME models. Palmstrom and Broch (2006), first, described
Q-system history and its related parameters and then
utilised QTBM model for prediction of TBM performance. In
their conclusion, they stated that QTBM is a complex model
and is not suggested to be used in its current form.Ribacchi
and Lembo-Fazio (2005) made a correlation between TBM
performance parameters namely PR, AR and the specific
penetration to two indices of rock quality, i.e., joint spacing
and RMRP (i.e., the modified RMR system with fixed rating
value of 15 for groundwater and removed correction factors
with regard to the joint orientation) in a gneissic formation.
They concluded that, even simple quality indexes, such as
the partial rating of joint spacing in the RMR classification,
has sound predictive value for PR. A comparison between
three TBM performance prediction models namely NTNU,
CSM and QTBM was made in the study by Hassanpour
et al. (2010) using 8.7 km data of Karaj water conveyance
tunnel. Their results indicated that these models need some
adjustments or correction factors in order to obtain more
accurate TBM performance estimation. Oraee and Salehi
(2013) employed three experimental methods namely
NTNU, QTBM and CSM to predict TBM PR using 16 km
data of Karaj–Tehran water supply tunnel, Iran. They stated
that QTBM is more suitable in tunnel projects with many
joint structures in which expensive testing conducted is not
possible.

Statistical Approach
Statistical approaches can be utilised to obtain a relationship
(linear and non-linear) between independent/input and
dependent/output parameters. This approach has been
extensively used in the field of TBM performance parameters.
Table 2 shows some of the statistical work performed with its
coefficient of determination (R2) to predict TBM performance.
Results of UCS, BI,distance between plane of weakness
(DPW) and  were utilised to construct 5 statistical models
for prediction of PR by Yagizet al. (2009). Gong and Zhao
(2009) performed a non-linear regression analysis on the
data collected from two tunnels that had been constructed
in granitic rock masses in Singapore. They introduced an
empirical equation for estimating the rock mass boreability
and stated that there is a relationship between the rock
mass boreability index and four rock material and mass
parameters (i.e. brittleness, UCS, orientation of joints, and
joint count number).A statistical model was suggested to
predict PR in the study carried out by Oraeeet al. (2012).
For this purpose, they used 177 datasets including three
input parameters (i.e. RQD, DPW and UCS) and one output
(PR) which were obtained from two tunnel projects namely
Queens Water Tunnel, USA and Gilgel Gibe II hydroelectric
project, Ethiopia.
Several scholars mentioned that these methods are not
always robust enough to solve nonlinear and complex
problems, accurately. Additionally, their performance capacity
is poor in the presence of outliers and extreme values in the
data (see Table 2).

As a conclusion of this part, some advantages and
disadvantages of the mentioned methods are discussed.
The field investigation models are based on the machine
performance in given geological conditions, using certain
parameters and indices to represent the ground. The
advantages of these models are their ability to take
into account the ground conditions specially rock mass
behaviour while including the complexity of machine
operational parameters (Ramezanzadehet al., 2004). These
models are partly limited in their use for scenarios where
new machine parameters are introduced and also lack
ability to be used in machine design and optimization. In
addition, these models are not involved the details of cutting
forces (Ramezanzadehet al., 2004). There are some views
that believe these models are complex with many input
parameters. According to several scholars, QTBM is a
complex model and is not suggested to utilise in its current
form due to having many input parameters.

Table 2: Some of statistical works on TBM performance
prediction
Input data

On the other hand, laboratory models are easy to use
since they include only a few basic parameters (e.g. rock
compressive and tensile strength), but they can only offer
a limited range of application; many of the parameters
that influence TBM performance in more variable ground
conditions, such as rock mass properties (e.g. RQD and
rock type), are unaccounted for in the modelling process
(Farrokh et al., 2012). According to Ramezanzadehet al.
(2004), a single rock property (UCS) and machine property
are not enough to predict the performance of TBM. As
mentioned by many researchers, other parameters such as
Mining Engineers’ Journal, Vol. 22,
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R2

Reference

UCS, BTS, peak slope
index (PSI), DPW and 

0.67

Yagiz
(2008)

RQD, DPW and UCS

0.42

Oraee
et al. (2012)

tunnel diameter, rock type, UCS,
RPM, RQD and disc cutter normal
force

0.58

Farrokh
et al. (2012)

UCS, , and volumetric joint count
(Jv)

0.71

Rayatdust
et al. (2012)

UCS, BTS, BI, DPW, , specific
energy, TF, cutter head power
(CP) and cutter head torque (CT)

0.771

Mahdevari
et al. (2014)

Furthermore, some other researchers stated that they
are easier to be applied compared to artificial intelligence
models. Based on reviewing such techniques for prediction
of TBM performance, generally, it can be concluded that
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performance capacity of the statistical models are higher
than both theoretical and empirical models in many case
studies.

a TBM performance predictive model with higher degree
of accuracy compared to previous methods is always of
interest. Generally, R2~ 0.9 for previous studies that used
AI techniques, reveals that these techniques can perform
better in prediction of TBM performance compared to
other available methods i.e. theoretical, empirical and
statistical. Table 3 shows summary of recent studies on
TBM performance prediction using AI techniques. In this
table, input and output parameters, the used AI technique
and their performance indices (in terms of R2) can be seen.
Potential problem, which is also common for AI models,
is that in practice, these models are rarely used for TBM
performance prediction purposes, even though they offer
several advantages over the other methods (e.g. having a
higher correlation coefficient and taking complex formula
structures wherever needed). Additionally, Farrokh et al.
(2012) stated that AI methods are not available in public
domain.

Artificial Intelligence Approach
Artificial intelligence (AI) technique as powerful tools is
one of the most dynamic research areas fields and they
can solve complicated engineering problems. It is due to
the fact that AI-based predictive models take advantage of
flexible nature where the models can be easily calibrated
when new data becomes available. This advantage makes
them powerful tools in solving engineering problem more
specifically when the problems are highly nonlinear and
the contact natures between input and output parameters
are unknown. Although AI techniques offer a more complex
methodology for estimating TBM performance, they can
provide high performance capacity in this field as reported
by many researchers. It is worth mentioning that developing

Table 3: Various implemented AI works for prediction of TBM performance parameters
Input Data
Output

Rock Mass Factors

Rock Material
Factors

Machine
Factors

Techniques

Reference

AR

RQD, RMR, permeability,
N, WTS, WZ overburden

UCS

-

ANN

Benardos and Kaliampakos
(2004)

PR

Qu, Rock Type

UCS

Dc, TPC

ANN

Yavari and Mahdavi (2005)

PR

DPW, PSI, 

UCS, BTS

-

ANN

Yagiz et al. (2009)

PR

DPW, RQD

UCS

-

ANN

Gholamnejad and Tayarani (2010)

PR

RMR, RQD, Qu, Rock
Type

UCS, BTS

Rs, CT, TF ANN

Eftekhari et al. (2010)

PR

PSI, , DPW

UCS, BTS

-

ANN

Salimi and Esmaeili(2013)

PR, UI

-

UCS, C, , 

-

ANN

Torabi et al. (2013)

ANN, ANFIS Alvarez Grima et al. (2000)

PR, AR

CFF

UCS

RPM, Dc,
TF

PR

WZ, RMR, RQD

UCS, BTS

RPM, TF

PSO-ANN,
ICA-ANN

JahedArmaghani et al. (2017)

UI

RMR, RQD and
groundwater inflow rate

-

machine
diameter

FIS

Simoes and Kim (2006)

PR

RQD, DPW

UCS

-

ANFIS

Oraee et al. (2012)

PR

Js, RQD, RMR, Q, GSI, 

UCS, BTS

-

ANFIS, SVR Salimi et al. (2016)

PR

DPW, 

UCS, BI

-

ANFIS–FCM Fattahi(2016)

PR

DPW, 

BI, UCS

-

Fuzzy

PR

DPW, 

BTS, BI, UCS

TF, CT,CP,
SVR
SE

PR

DPW, 

UCS, BI

-

DE, HSBFGS,
GWO

Yagiz and Karahan(2015)

PR

PSI, , DPW

UCS, BTS

-

ELM

Shao et al. (2013)

PR, AR

CFF

UCS

RPM, Dc,
TF

PSO
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Obituary
Shri R.D. Desai
With heavy heart and despair, the members of Mining Engineers Association of India express
their condolences on the sad demise of Shri R.D. Desai, who departed for the heavenly abode
on 24th February, 2021 at Maroli in Navsari District of Gujarat. He was suffering from oral
cancer since 2005. Shri Desai will be remembered by his friends and fellow colleagues for his
professional integrity.
Shri R.D. Desai was a life member (LM.NO:1200) of Ahmedabad chapter. He obtained
M.Sc. degree in Geology from M.S. University, Vadodara in 1983. He joined Gujarat Mineral
Development Corporation Ltd. (GMDC Ltd.) as a Geologist at Fluorspar Project, Kadipani
in Chhota Udepur District of Gujarat in 1984 and superannuated as Dy. GM (Geology) from
Lignite Project-Tadkeshwar in Surat District on 31.03.2019.
During his career of 35 years in GMDC Ltd, he served in various Mining Projects such as Kadipani, Panandhro, Rajpardi
and Tadkeshwar and contributed immensely in Exploration of Bauxite in Kutch district and Lignite in South Gujarat.
Late Shri R.D. Desai is survived by his wife Mrs Tejalben Desai and two sons Yash and Ravi Desai. The members of MEAI
pray for the departed soul rest in peace and express their profound condolences to the bereaved family members.
Joint condition (Jc); core fracture frequency (CFF); cutter
diameter (Dc); quartz percentage (Qu); rotational speed of
TBM (Rs); joint spacing (Js); cohesion (C); friction angle ();
Poisson’s ratio (); specific energy (SE); thrust force (TF);
cutterhead power (CP); cutterhead torque (CT); extreme
learning machine (ELM); overload factor (N); Quality system
(Q); geological strength index (GSI); water table surface
(WTS); differential evolution (DE); hybrid harmony search
(HS-BFGS); imperialism swarm optimization (ISC); Grey
Wolf Optimizer (GWO); particle swarm optimisation (PSO);
weathering zone (WZ).

rock mass behaviour. These models are partly limited in
their use for scenarios where new machine parameters
are introduced and also lack ability to be used in machine
design and optimisation. Moreover, empirical methods are
not involved the details of cutting forces. In these methods,
there are some views that believe they are complex with
many input parameters.
Statistical approaches can be utilised to obtain a relationship
(linear and non-linear) between independent/input and
dependent/output parameters. Several scholars mentioned
that these methods are not always robust enough to solve
nonlinear and complex problems, accurately. Additionally,
their performance capacity is poor in the presence of
outliers and extreme values in the data. Furthermore, some
other researchers stated that they are easier to be applied
compared to artificial intelligence models. It can be concluded
that performance capacity of the statistical models are
higher than both theoretical and empirical models in many
case studies.

DISCUSSION AND CONCLUSIONS
In this study, many TBM performance researches have been
reviewed in details and their advantages and disadvantages
have been mentioned.The theoretical models were developed
mainly by the use of full-scale laboratory cutting tests.
These laboratory tests have some information regarding
rock fragmentation and force penetration. However, missing
of rock mass conditions is the most important drawback
of theoretical methods, since TBM disc cutters encounter
them in the field. Additionally, these tests require specific
equipment which may not be available in all of the research
centres in the world. In the case of non-availability of such
equipment, prediction of TBM performance may need some
adjustments of performance data taken from sites where
a rock with similar strength properties was bored. The
mentioned adjustments can create significant errors into the
prediction process.

AI technique as powerful tools is one of the most dynamic
research areas fields and they can solve complicated
engineering problems. Although AI techniques offer a more
complex methodology for estimating TBM performance,
they can provide high performance capacity in this field as
reported by many researchers. It is worth mentioning that
developing a TBM performance predictive model with higher
degree of accuracy compared to previous methods is always
of interest. Generally, R2~ 0.9 for previous studies that used
AI techniques, reveals that these techniques can perform
better in prediction of TBM performance compared to other
available methods i.e. theoretical, empirical and statistical.
Additionally, it is important to mention that AI methods are
not available in public domain.

Empirical models are based on the machine performance in
given geological conditions, using certain parameters and
indices to represent the ground. The advantages of these
models are their capability to use ground conditions specially
Mining Engineers’ Journal, Vol. 22,
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MEAI NEWS
BELLARY-HOPSET CHATPER
Refresher Classes for The Aspirants of Mine Managers’
Competency Examination Organized by Meai Bh
Chapter
Mining Engineers’ Association of India, Ballary-Hospet
Chapter Organized Refresher Classes for the Aspirants
of First/Second Class Mine Managers’ Certificate of
Competency Examinations online from 23.01.2021 to
27.01.2021 with the technical support from MineMagma
Bengaluru.
The Objective of this program was to guide the candidates on
how to prepare for the examinations conducted by DGMS. In
all 987 candidates registered but 766 candidates attended
continuously.

Sri. K. Madhusudhana, Sri. K. Prabhakara Reddy, Sri. R.
Prakash Babu and Sri. S.M. Jagadheeshwar proposed Vote
of thanks to the featured speakers and the Minemagma staff
for successfully conducting the Program.

The Program was inaugurated by The National President
Sri. Sanjay Kumar Pattnaik, Sri. K. Madhusudhana the
Vice President-I, MEAI, the Chairman of the Chapter Sri.
K. Prabhakara Reddy, General Secretary, MEAI Sri. M.
Narasaiah and the Secretary of the Chapter Sri. S.H.M.
Mallikarjuna participated in the inaugural session.

Celebration of Republic Day on 26.01.2021
The Chapter celebrated 72nd Republic Day of India on 26th
January 2021.

Sri. Sanjay Kumar Pattnaik appreciated the initiative taken
by Ballary-Hospet chapter in conducting the classes for
the candidates appearing the managers’ examination and
conveyed his best wishes to all.
Eminent members speakers Sri. A.R. Vijay Singh, Sri. Ajay
Kumar Jain, Sri. Deepak Vidyarthi, Mrs. Rekha Reddy, and
Sri. S.R. Behera presented their lectures for 5 days on Mines
Act, MM(D&R) Act, Mines and Metalliferous Regulations,
Method of working, and Mine Management to impart
comprehensive knowledge to the candidates appearing for
the Managers’ Examination conducted by DGMS.
Participants appreciated the initiative taken by BH Chapter
and also expressed their satisfaction on the refresher
classes.
Mining Engineers’ Journal, Vol. 22,
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On this occasion Sri. K. Madhusudhana, Vice-President-I,
MEAI & V.P. (Mines), M/s MSPL Ltd. hoisted the flag and
spoke on the importance of Republic day. Sri. K. Prabhakara
Reddy, Chairman-MEAI BH Chapter & CEO, SUMS,
Hosapete spoke about solidarity of India.

the global community. As a result, India is in a win-win situation to expand the business with EU, USA, Japan, Korea
etc. Rajasthan is having variety of mines under operation in
small sector and they need technical know-how for which
the MEAI and the Udaipur Chapter in particular, which is
situated in concentrated mining center, can help. Mining &
Geology Technocrats should support the upliftment of small
chapter. He stressed the need of skill up-gradation to enhance productivity & safety in the mines.

Life Members of the chapter, Mine Managers, Employees
and Other representatives from Mines of the region also
participated along with the Staff of SUMS for the celebrations
at the Office of SUMS, Hosapete.

Brainstorming session
In the beginning Chapter secretary MS Paliwal welcomed
all the members.
The members present discussed on the future plans of this
Chapter. Programme of virtual visit to SK Mines was vocally
lauded. Upon suggestion of Dr SK Vashisth from HZL, it
was agreed to continue virtual visit series to unique locations of mining like HZL’s world-class tier-1 asset viz Rampura Agucha Mine with transition from super open-pit to fully
mechanized Underground Mine, Guinness record holder RK
Marbles mine in Morwad, besides couple of STPs commissioned by HZL under PPP scheme of Govt of Raj etc.
During discussion it was realized that mining personnel in the
country need intensive skill upgradation training. This view
was expressed by Mr A K Porwal, DGMS. He suggested that
MEAI should impart intensive training to the mining personnel so that after such orientation, the personnel would be so
trained that they could go to any corner of the country and
undertake challenging assignments and work according to
mines safety protocols. In this regard, a committee consisting of Mr. SC Suthar, Mr RC Purohit and Mr ML Paliwal was
assigned the responsibility of preparing an action-plan.

Gathering at the Republic Day Celebrations at SUMS Office, Hosapete.

Rajasthan Chapter-Udaipur
Celebration of 72nd Republican Day and Brainstorming
session
The 72nd Republic Day was celebrated with traditional flavor
& fervor on 26th January, 2021 by the Raj Chapter-Udaipur
at MEAI Office, Indraprastha Complex, Delhi Gate-Shastri
Circle, Udaipur. 20 members were present on the occasion.
They hoisted National Flag & recited national anthem.
On the occasion, using state-of-the-art technology virtual
platform Chief Guest, former MEAI National President & exDMG-Rajasthan Mr Arun Kothari while wishing everyone on
Republic Day, said that mining shall have an important place
to fulfill the dream of a self-reliant India. We have to adopt
the newer technologies of Zero Waste Mining and Zero Carbon Emission for mining. All chapters of MEAI are working
throughout the country to carry this effort forward by having
constant contact and technical talks with all the stakeholders
of this vital sector. Continuous efforts are also being made
by the members of the Udaipur chapter for the development
of mining activities and mining professionals.

(L to R) Mr NK Kavdia, Mr OP Soni, Dr. SS Rathore, Mr MS Paliwal, Mr AK
Porwal

Dr SS Rathore addressed the gathering & called upon the
mining community to contribute even higher in national
growth discussing current scenario of the mining particularly
in relation to restriction of mining business with China by

Lot of changes have been made by the Central Government in 14 laws concerning work force. Penalty has been
enhanced in this amended act. The implementation of this
Act will start once rules and regulations are finalized. Under
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The main aim of this initiative was to serve the nation through
improvement of skills of mining of mining professionals and
build new mine leaders. Fruitful interaction through chatting
on WhatsApp was highly appreciated. Over 250 Candidates
from Promining group gained direct benefit. The Subcommittee of the Chapter proposes to conduct lectures and circulate
notes to prepare candidates for oral or final examinations
also. The Chapter thank all those persons who encouraged
and supported the initiative; and motivated our new mine
professional very much. The contribution of Mr CM Dwivedi
- Tata Chemicals, Mr Anil Nigam - Digvijay Cement, Mr Vivek
Uplanchiwar - Ultratech, Mr DK Singh - Nirma Ltd, Mr MC
Upadhyay - GHCL and Mr PK Deshpande - SCL deserves
special mention.

the new Act/ Code, mechanism of self-certification, minimum government and maximum governance philosophy
is enshrined. This law is unequivocally applicable to all the
mines, big and small. Mr Madhu Sudan Paliwal, said that the
Association will conduct technical talks on these issues so
that, small miners/ enterprises and mining stakeholders will
be benefited.
Programme ended after vote of thanks proposed by Mr DP
Gaur, Executive member.
National Anthem
Address by Dr SS Rathore, ex-Chairman, Udaipur Chapter
Brainstorming session of the Members
Veraval-Porbandar Chapter

Obituary

After a long period, DGMS is conducting examination for the
First Class Manager / Second Class Manager Certificate of
Competency in 2021. Our young mining professionals have
been waiting for this opportunity since long. Several aspiring
candidates contacted our Chapter after seeing the notification of examination with a request to arrange guidance for
DGMS’ Manager Examination of Competency Certificate. In
view of this request, our Chapter proposed to create a subcommittee to extend guidance and help to prepare our mining professionals from Saurashtra region through e- platform
but later extended this facility to PAN India. The subcommittee comprised of three members i.e. Mr Ajay Kumar Jain, Mr
Manish Kumar Yadav and Mr Amol Dhomne. The Chapter’s
Chairman, Vice Chairman and Treasurer respectively.

Shri Sujoy Roy
(LM 84)
Shri Sujoy Roy, Ex General
Manager, GMDC Ltd and
Life Member of Ahmedabad
Chapter left for heavenly abode
on 03/01/2021. Ahmedabad
Chapter
and
the
MEAI
Members all across India are
deeply saddened by the sudden
demise of Late Shri Sujoy Roy
on 03/01/2021.
Mr. Sujoy Roy did his schooling from Bihar and Mining
Engineering from Shibpur Engineering College, West
Bengal. Then he joined Dhanbad Coalfield. From there he
joined Bhilai Steel Plant and served there for about 15 years
in many mines. After that he joined Saurastra Cement and
served for about 4 years and there after he joined the GMDC
and served for about 13 years. He served successfully
in all the Projects and retired as General Manager. After
retirement from GMDC, he joined as Executive Director
in a reputed company GFL and served in Egypt for 4 to 5
years.

Every day the subcommittee released 10 Multiple Choice
Questions (MCQ) and during a period of two month, the
Chapter circulated 600 questions. The questions covered
were on the subjects such as interpretation and analysing
of management, social, community, environment, practical,
logical mine working as per law. The subcommittee classified the programme into lectures, Circulars, MCQ, Sharing
of notes, help over telephone etc. The services were extended among 8 WhatsApp groups that included students
or new mine professional groups. All MCQs prepared and
circulated covered the prescribed syllabus of DGMS Manager’s examination 2021.

He lived happily with his family members including wife and
three children.
Mr. Roy was very popular among the friends. His elder
daughter is MA in English and IELTS instructor. Second
daughter is M.Sc. in Biochemistry and working with
Makemytrip.Com. Son is Engineer & MBA and settled in
U.S.A. and working in Airlines Company.

The lecture of Shri Ajay Kumar Jain was conducted on
24.01.2021 through Bellary-Hospet Chapter, at India Level,
on Mines Metalliferous Regulations 1961 and National Conferences. This lecture was found to be very useful to the
delegates and students. Over 500 candidates attended the
lectures and they were widely liked through soft media. The
recorded version of this is available on YouTube.
Mining Engineers’ Journal, Vol. 22,
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The members of the Association extend their heartfelt
condolences to his bereaved family and pray for his soul
rest in peace.
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2nd training program
on IMIC by NACRI
Mining Engineers’ Association of India (MEAI) rolled out the registration of Competent Person (RCP) under Indian Mineral
Industry Code (IMIC). MEAI is a Professional Organisation (PO) in India, recognised by National Committee for Reporting
Mineral Resources and Reserves in India (NACRI), with the obligation to offer professional development programs to its
members, register CPs and oversee the ethical behaviour of RCPs. NACRI is the National Reporting Organisation (NRO)
recognised by the Committee for Mineral Reserves International Reporting Standards (CRIRSCO).
The 1st training program on IMIC was successfully held by NACRI during January 4-19, 2021 with 23 participants representing
mining companies, consulting companies and individuals. All the participants have successfully completed the training
program.
Prerequisites for registration of CP
RCP has been defined under Clause #9 of IMIC, as follows:
RCP is a mineral industry professional who is a member of a professional organisation headquartered in India
and approved by NACRI or a member of a ‘Recognised Professional Organisation’ (RPO), as included in a list of
similar bodies headquartered outside India available on the NACRI website. These organisations have enforceable
disciplinary processes including the powers to suspend or expel a member. An RCP must have a minimum of ten
years professional experience, which includes five years relevant experience in the style of mineralisation or type
of deposit under consideration, and in the activity which that person is undertaking.
In addition to the above minimum professional experience required by PO members for registration as RCP, the
NACRI, vide Article 2.2.ii, further specifies that the potential RCP shall obtain at least 40 hours of professional
development credits every year through participation in seminars, conferences, workshops, training programs or
webinars, recognised by it.
Accordingly, those eligible mineral industry professionals in India interested in registering as Competent Person under
IMIC should be a Life Member of MEAI, attained at least 10 years of professional experience and acquired 40 hours of
professional development credits recognised by NACRI, at the time of making application to MEAI.
RCP certification shall be valid for a period of one year from the date of issue of the certificate and renewed annually
thereafter. The annual CP registration fee has been fixed at Rs 5,000 (Rupees five thousand only + GST @18%) and
payable to MEAI.
Professional Development Program on IMIC
The fee for this mandatory IMIC training program, to register as CP under IMIC, may be paid online. The fee chargeable for
the 40-hour training program is Rs. 10,000 (Rupees ten thousand only that includes applicable GST @18%) and payable
to:
Account Name:

MEAI-National Core Committee Fund

Bank Name & Address:

UCO Bank, Abid circle, Hyderabad

S/B Account No:

14410110037089

IFSC:

UCBA0001441
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NACRI has formulated a 40-hour IMIC online training
program, which every RCP must undergo before applying
for RCP certificate. This IMIC training program includes
basic knowledge sharing on all aspects of IMIC and mineral
industry best practices; and guidance to the prospective
RCP. The programs contents include:
•

Introduction to MEAI/ NACRI Charter/ IMIC/ Code of
Ethics 		

•

Scope of IMIC

•

Competence and Responsibility

•

Reporting Terminology

•

Reporting of Exploration Results

•

Reporting of Mineral Resources

•

Reporting of Mineral Reserves

•

Reporting of Coal Exploration Results, Resources and
Reserves

•

Technical studies

•

Other topics including CRIRSCO 2019

•

Table 1 and QA/QC

•

Industry best practices

IMIC Competent Person
Registration OPEN NOW
On successful completion of the 1st training program
on IMIC, 23 participants acquired the mandatory
professional development credits to register as
a Competent Person (CP) of IMIC offered by the
Mining Engineers’ Association of India (MEAI),
the only Professional Organisation (PO) in India
Recognised by the NACRI and CRIRSCO.
The interested professionals, who are also the
life members of the MEAI, may now apply to the
Secretary General, MEAI along with a copy of the
professional training certificate on IMIC issued by
the NACRI and proof of payment of requisite fee
of Rs 5000 (five thousand only) + applicable GST
@18%, for the registration as CP.

Every RCP should attend an 8-hour mandatory refresher
program on IMIC prior to making an application for renewal
of RCP. The RCPs may acquire additional professional
development credits by attending NACRI accredited
seminars/ workshops/ conferences/ training programs/
webinars. The MEAI headquarters shall maintain the
records of each trainee/ RCP and provide the same to the
MEAI RCP Registration committee.

The Bank details of MEAI for depositing the CP
registration fee are as given below:
Bank name:
Union Bank of India

Professional development program schedule
The NACRI Core group shall conduct the 40-hour online IMIC
training program in four weeks with the topics scheduled
thrice a week, and each session not exceeding 3 hours at
a stretch. The NACRI Core Group will be responsible for
conducting the training program under the guidance of Dr A.
Srikant. The second IMIC training program will be held from
5th to 30th April 2021.

Account Name:
Mining Engineers' Association of India
S/B Account Number: 037810100028696
IFSC: UBIN0803782
Bank Address: Union Bank of India,
Nampally Branch, 5-4-445,
Nampally Station Road,
Hyderabad.

Contact details
Interested mineral industry professionals may please contact
the Secretary General, MEAI at meai1957@gmail.com /
Phone no. 040-66339625/ 040-23200510 or Dr PV Rao, CoChair NACRI at drpvrao@gmail.com for more details on
this training program.
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conferences, seminars, workshops etc.
28-29 Sep 2021: NEW LEADERS CONFERENCE 2021. Online
conference organized by AusIMM Brisbane, Australia

Abroad
15-17 Mar 2021: Underground Operators Conference 2021.
Venue: Perth, Australia. Organized by AusIMM, Ground Floor,
204 Lygon Street, Carlton South, Victoria 3053 Australia.
Telephone: +61 3 9658 6100

6-7 Oct 2021: ICEGGE 2021 - International Conference on
Engineering Geology and Geomorphology Engineering
in Beijing, China. For more details, please visit: https://waset.
org/engineering-geology-and-geomorphology-engineeringconference-in-october-2021-in-beijing

29-30 Mar 2021: ICMPG 2021 - International Conference
on Mineralogy, Petrology, and Geochemistry in Singapore,
Singapore. For more details, please visit: https://waset.org/
mineralogy-petrology-and-geochemistry-conference-in-march2021-in-singapore

18-19 Oct 2021: ICEG 2021 - International Conference on
Earthquake Geology in Rome, Italy. For more details, please
visit:
https://waset.org/earthquake-geology-conference-inoctober-2021-in-rome

29-30 Mar 2021: ICMPG 2021 - ICGAPT 2021: International
Conference on Geostatistical Analysis and Probability
Theory in Singapore, Singapore. For more details, please
visit: https://waset.org/geostatistical-analysis-and-probabilitytheory-conference-in-march-2021-in-singapore

21-22 Oct 2021: ICRSSGA 2021- International Conference
on Remote Sensing Sensors for Geoscience Applications
in Athens, Greece. For more details, please visit: https://waset.
org/remote-sensing-sensors-for-geoscience-applicationsconference-in-october-2021-in-athens

28-30 Apr 2021: Life of Mine Conference 2021. Venue:
Brisbane, Australia. Organized by AusIMM, Ground Floor, 204
Lygon Street, Carlton South, Victoria 3053 Australia. Telephone:
+61 3 9658 6100.

8-10 Nov 2021: IRON ORE CONFERENCE 2021. Online
conference organized by AusIMM Perth, Australia

New Online Course on Introduction to Blasting by Edumine.
Course details: Presenter - Dr. Anthony Konya. Duration: 3
hours, Learning Credits: PDH 3.0, Format: Short video modules.
For registration contact. News@edumine.com

8-9 Nov 2021: ICEGGP 2021 - International Conference
on Environmental Geology and Geological Problems in
Istanbul, Turkey. For more details, please visit: https://waset.org/
environmental-geology-and-geological-problems-conferencein-november-2021-in-istanbul

10-11 Jun 2021: ICAME 2021- International Conference
on Applied Mineralogy and Environment in Copenhagen,
Denmark. For more details, please visit: https://waset.org/
applied-mineralogy-and-environment-conference-in-june2021-in-copenhagen

2-3 Dec 2021: ICRMGEA 2021 - International Conference on
Rock Mechanics for Geotechnical Engineering Applications
in Tokyo, Japan. For more details, please visit: https://waset.org/
rock-mechanics-for-geotechnical-engineering-applicationsconference-in-december-2021-in-tokyo

23-25 Jun 2021: MILL OPERATORS CONFERENCE 2021.
Online conference organized by AusIMM Brisbane, Australia

6-7 Dec 2021: ICCGM 2021 - International Conference on
Computational Geosciences and Mathematical Modelling
in Kuala Lumpur, Malaysia. For more details, please visit: https://
waset.org/computational-geosciences-and-mathematicalmodelling-conference-in-december-2021-in-kuala-lumpur

29-30 Jun 2021: ICAG 2021 - International Conference on
Advances in Geochronology in Dubai, United Arab Emirates.
For more details, please visit: https://waset.org/advances-ingeochronology-conference-in-june-2021-in-dubai
1-2 Jul 2021: MINE WASTE AND TAILINGS CONFERENCE
2021. Online conference organized by AusIMM Brisbane,
Australia

6-8 Dec 2021: INTERNATIONAL FUTURE MINING
CONFERENCE 2021. Online conference organized by AusIMM
Perth, Australia

26-27 Jul 2021: OPEN PIT OPERATORS CONFERENCE 2021.
Online conference organized by AusIMM Perth, Australia

13-14 December 2021: ICRGGACS 2021 - International
Conference on Regional Geology, Geologic Analysis and
Computer Simulations in Cairo, Egypt. For more details, please
visit: https://waset.org/regional-geology-geologic-analysis-andcomputer-simulations-conference-in-december-2021-in-cairo

23-24 Aug 2021: ICCGG 2021 - International Conference on
Computational Geology and Geosciences in Rome, Italy.
For more details, please visit: https://waset.org/computationalgeology-and-geosciences-conference-in-july-2021-in-rome

15-16, April 2022: ICGGG 2022 - International Conference
on Geochronology, Geology and Geophysics in Cape Town,
South Africa. For more details, please visit: https://waset.org/
geochronology-geology-and-geophysics-conference-in-april2022-in-cape-town

20-21 Sep 2021: ICGG 2021 - International Conference on
Geochronology and Geography in Toronto, Canada. For
more details, please visit: https://waset.org/geochronologyand-geography-conference-in-september-2021-in-toronto
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