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ABOUT US

The Ultra-Deep Mining Network (UDMN) aims to become the leading expert in Ultra-Deep (below 2.5km)
research and innovation and to solve the challenges
that impact resource extraction in these environments. By supporting solution providers capable of
creating the industry-needed tools and technologies in
the short term, it will lead the way in helping ultradeep mines to operate more effectively and safely,
generate more value, improve the human environment and enhance mine productivity.

This $46 million business-led NCE network is supported by members of the mining and oil & gas industries, and with the active participation of small-tomedium sized enterprises, industry agencies, research
facilities and academia. Recognizing the importance of
deep mining research in Canada, the federal government’s Business‐led Networks of Centres of Excellence
(BL‐NCE) program awarded $15 million to the Ultra‐
Deep Mining Network (UDMN). In conjunction with
$15 million received from the BL-NCE, the UDMN has
also received significant partnership commitments of
$31 million in leveraged cash and in–kind contributions.

The goal of the UDMN is to help the
mining industry develop and adopt
commercially viable research and
development projects that result in
the deployment of proven innovative
technologies.
Through its members, the UDMN continues to
position Canada in a leadership role as the global
deep mining knowledge centre, thereby ensuring that
this nation will remain the premiere natural resource
investment destination of choice.

THE NETWORK

THE APPROACH

The Network will lever collaborative and dedicated
networked solution teams of leading experts in
achieving innovations for the global mining industry
within the ultra-deep mining environment. The
approach is that of a joint business model where all
members contribute to the cost, and benefit from the
Network’s successes, with the goal for driving innova‐
tive solutions and making deep mining fiscally viable
for the future.

The Network will help close the commercialization gap
by providing members with access to commercialization evaluation services and a chance to carry out
prototyping and testing at actual mine sites. The private sector will further benefit from the validation of
research findings and sharing of knowledge through
collaboration with the SME and research teams,
further increasing the relevance of research projects
and the potential for project outputs to be implemented. This will increase industry’s capacity and ca‐
pability to advance innovations to market. Ultimately,
the UDMN will lead the way for innovations to be
commercially viable and build capacity to deliver new
technologies to the Canadian and global mining
industry.

THE CHALLENGE

Deep underground metal mines are the source of the
specialised metals including nickel, chrome, molybdenum, lead, zinc, platinum and palladium – that are
essential for the modern industrial economy. While
the supply of commodity metals such as iron, aluminum and copper generally come from very large open
pit mines, the specialised metals are largely produced
by deep underground mines (> 2km below surface).

The need to fundamentally shift the design, development and operation of underground metal mines is
driven by three converging factors: 1) The need for
many of the large open-pit copper mines in the world
to go underground while sustaining unchanged
production levels; 2) The need to pursue specialised
industrial metals to ever greater depths; and 3) The
need to attract a new generation of well educated,

Current Projects: 7

Theme Lead: Damien Duff
Resource extraction in Canada is occurring at ever
greater depths and geotechnical risks are increasing
significantly, particularly as they relate to stress within
the rockmass. The challenges associated with this, in
the mining and oil and gas sectors, need to be
addressed as failing to do so will foster unacceptable
project risks. This in turn will impact investment and
will jeopardize Canada’s competitiveness.

a)

Induced Seismic Hazard Mitigation in UltraDeep Mines

The Challenge: Rock stress and stress-change management when mining at depth are absolutely critical to
minimize geomechanics-related risks. Mine sequencing and de-stress blasting are currently used to modify
the stress field and reduce the seismic hazard in deep
mines but these techniques are often insufficient to
adequately reduce rockburst potential and related
risks in mines— in particular near vulnerable underground excavations. Thus, further complementary and
innovative R&D methods are required.

Projects in this theme will explore ways to better
measure, anticipate, mitigate, manage and even
modify built up stresses in the rockmass, resulting in
more intelligent rock mechanics design protocols and
advanced approaches (in part built upon experience
from the Oil & Gas sector).

b) Extraction of Oil & Gas in tight shale rock at depth
in non-conventional Hydrocarbon Reservoirs

The Challenge: The ability of the Oil & Gas (O&G)
industry to extract hydrocarbons from tight shale rock
deposits at extreme depth can be improved through
cross-sectoral R&D involving Canada’s deep mining
industry. Both sectors have a need to generate closely
spaced fracture networks— for hydrocarbon release
and transportation in the case of the O&G sector and
caving/fragmentation/stress management purposes in
the case of the deep mining industry.

STRATEGIC THEMES & PROJECTS

Improve the control of
stability in deep
underground excavations

STRATEGIC THEMES & PROJECTS

Within the O&G sector stimulated rock volumes are
often poorly understood and can be difficult to
reconcile with ultimate hydrocarbon production output. Difficulties are encountered in relating the stimulated volumes to the “geophysical observables”.
Understanding these parameters is extremely
important to ensure efficient and effective exploitation of trapped reserves.

Cross-sectoral R&D projects look at ways to make
mines safer by reducing geotechnical risks through a
broader understanding of these same parameters
while also helping to ensure Canada’s ability to supply
hydrocarbon-based energy resources into the future.

Seismic Stress Inversion
ESG Solutions
Apply newly developed method for stress tensor
(direction and stress magnitude ratio) determination
from microseismic source mechanism results thereby
leading to advanced analysis and interpretive
capability, which makes deep mines safer and more
productive.

Development of a Numerical Model to Stimulate
De-stress Blasting as a Stress Modification Technique
for Deep Mining
Itasca Consulting
Build tools that will enable industry to develop a better approach to designing a de-stress blast thereby
dealing more effectively with the de-stabilizing effects
of stress build up around its underground excavations.

Open Geotechnical Data Network & Data Analysis
Symboticware
To use appropriately equipped mobile equipment to
transfer data from ultra-deep geotechnical networks
into a centralized data handling system and thereby
enable real-time decision-making.
4D Real Time Geotechnical Hazard Assessment and
Reporting for Ultra-Deep Mining
Mira Geoscience
To research, develop and implement a system for 4D
(3D space and time) real-time geotechnical hazard
assessment and reporting for ultra-deep mining.

Objectivity
To determine whether Measurement While Drilling
(MWD) jumbo drill technology is a useable tool in
deep mines for determining the integrity of loaded
rock pillars.

Hydraulic Pre-Conditioning of Highly Stressed Rock
Masses
MIRARCO
Develop an alternative methodology for safe stress
management at ultra-depth.

Active Seismic Monitoring for Seismic Risk Reduction
Institute of Mine Seismology
Turn sensitive velocity measurements from an active
seismic source into in-situ measurement of stress
changes in a volume of rock.

STRATEGIC THEMES & PROJECTS

Pillar Strength in Deep Mines - Measurement while
Drilling – Direct Observation

STRATEGIC THEMES & PROJECTS

The 40% Mine; Improve
the energy consumption
profile of deep mines
Current Projects: 7

Theme Leads: Damien Duff & Dr. Stephen Hardcastle
The Challenge: The 40% Mine is an initiative that aims
to reduce the energy consumed by ultra deep mines
to 40% of their current consumption levels by 2040.

For the average Canadian underground hard rock
mine, the energy input costs to production alone are
18%. For underground mines in soft rock the average
is closer to 22%. According to some empirical models
for all fuels energy consumption (electricity, heating,
cooling, transport fuel), 97% of the variance in the
models can be explained with just three variables: i)
production rate, ii) heating degree days and iii) production depth.

This theme of the UDMN aims to support research,
development and innovation/commercialization
activity in the field of energy that focuses on:
• Alternatives to diesel powered loading and haulage
systems that offer substantial cost savings or operational benefits relative to conventional practice for
ultra-deep mines.
• Deep mine cooling technologies (development and
optimization) that will deliver a discounted cost of a
MWhr that is at most 50% of that of a conventional
vapour compression refrigeration solution.

Towards Freezing-on-Demand with Closed Loop
Geothermal Systems
McGill University
The research program principally comprises in situ
performance assessment of an industrial scale geothermal heating system already deployed in an
operating mine to better understand extraction and
use of renewable geothermal energy.

Improved Thermal Mass Utilization Decreasing
Applied Ventilation System Energy Intensity
MIRARCO
To defer the installation of a mechanical refrigeration

Determination of the Acceptable Geothermal
Resource for Open Loop Systems
McGill University
This project will undertake a practical determination
of the performance of an open loop geothermal
system installed in a working Canadian mine. The work
aims to identify the optimum technique for using this
geothermal energy in mining infrastructure and/or
mineral processing operations to reduce cost.

Wind2Ice: Low Cost, Low Carbon Creation of Ice to
Cool Deep Canadian Mines
MIRARCO
The work program aims to prove the technical feasibility of alternative refrigeration systems that have the
potential to deliver zero marginal costs of cooling for
ultra-deep mines. It will consider 2 ways in which ice
can be manufactured for ultra-deep mine cooling. The
first will consider the mine air heating system at Stobie Mine in a re-engineered mode to provide not only
summer, but year round refrigeration effect. The second element will be to investigate driving the compressor in a conventional refrigeration cycle with shaft
work from a wind turbine.

Electric Mining Machine for Personnel Transport
Track & Wheels
Create a fully functional electric utility vehicle to be
used for ultra-deep mining.

Battery-Powered Underground Utility Vehicles,
150-250hp
FVT Research Inc.
This project will create an industry-first high-power
battery-electric drive system suitable for mining
production equipment up to 250 hp.

Liquid Air Powered Auxiliary Fan for Localized Chilling
CanMIND Associates
Build and test a liquid air powered auxiliary fan for
localized chilling systems in deep mines.

STRATEGIC THEMES & PROJECTS

system for the cooling of intake air in one of Canada’s
ultra-deep mines specifically by examining the socalled Natural Heat Exchange Area (NHEA) of the mine
to determine how additional refrigeration capacity
may be gained, through re-engineering of the NHEA.

STRATEGIC THEMES & PROJECTS

Novel methods of material
transport and productivity;
increase the rates of development and production in mines
Current Projects: 7

Theme Lead: Pat Dubreuil
The Challenge: Mining companies continuously strive
to improve each of their extraction processes in order
to lower their production costs and improve their
NPV. As mining operations go deeper, streamlining
operations is critical because it takes longer to transport workers and materials into the mine and to their
work place. Similarly, the transportation logistics of
ore, waste and fill material from these same work
headings increases proportionally as mines go deeper.

The main areas of interest and research focus on
improving Mine Productivity and introducing novel
transportation methods in order to improve and lean
the mining methodology involved in:

1. the mine development process – more efficient
drilling, loading/blasting, mucking, ground support,
transport of material, ventilation
2. the mine production process – production drilling,
loading/blasting, mucking, filling, sizing and transportation of material
3. the supply of support and services – ventilation,
pumping, mine planning, communications, surveying,
slimes management

Rapid Lateral Development Canopy Phase II
CEMI
Enable increased development rates by maximizing
the utilization of the advancing face.

TSL Guideline - Phase I
CEMI
Ground support is critical to all underground mining
operations, especially at depth. This project is about
mining experts defining the guidelines that should be
followed when utilizing thin spray-on-liners (TSL) as an
alternative to mesh or screen.

MIRARCO
To scientifically demonstrate the modern day credentials of Hydraulic Air Compressors (HAC) for the
contemporary mining industry and consider the use of
dry gas produced by HAC’s towards cooling mine
ventilation air in deep mines.

Mobile Crusher/Sizer - Phase I
CEMI
Developing a small, portable crusher will reduce the
up-front Capital requirement and on-going maintenance for large crushers and crusher stations, including feeders, bins, picking belts. Its development will
also reduce the risk of ground movement/failure in
large excavations at depth.

Schedule Optimization Tool Plus (SOT +)
CEMI
SOT+ research will address the long term planning and
required productivity of mining deep ore bodies,
allowing profitable and successful mining at depth in
the presence of geotechnical, ventilation and asset
allocation challenges.

Attain Software Tool
MIRARCO
To devise optimization algorithms for equipment
allocation, calendar management and related shortterm scheduling issues, in order to produce a new
software tool allowing operational mine planning to
align systematically with an optimized long-term plan.

Automated Rock Breakers
Rock-Tech
To develop phase one automation capabilities and
moving towards a fully automated rock breaker for
use in deep mines.

STRATEGIC THEMES & PROJECTS

Hydraulic Air Compressor (HAC)

STRATEGIC THEMES & PROJECTS

Enhance the human
environment in
deep mines
Current Projects: 3

Theme Leads: Pat Dubreuil & Dr. Sylvie Nadeau
The Challenge: There is a direct relationship between
working in extreme environments and decreased
workforce productivity. Physiological stressors are
common for workers in deep mining environments,
and even more so within the ultra-deep mine setting.
There is a need for the development of effective
personal protective gear that will help keep people
working within appropriate occupational environmental conditions. Normalizing temperature and
environmental condition extremes, including oxygen
levels and high concentration of diverse contaminants are required. One must meet ambient air
quality standards so as to not alter or impact human
health or performance.

Collecting biophysical inputs and outputs of the
people working in Ultra-Deep Mining conditions
require solutions that will address psychological,
physical and social health and safety issues which
affect worker performance. Working at depth is
synonymous with remoteness and isolation which is
known to influence worker well-being and productivity. Developing systems and technologies that
improve communication, navigation and the overall
well-being of the ultra-deep workforce is a priority.

The main areas of research interest for the Think
Deep Program, focus on improving human health in
ultra-deep mining environments via:

1.

Workplace ergonomics and human Factors for
Ultra-Deep Mines

2.

Workplace safety and industrial hygiene

3.

Thermal Control – to design novel systems and
technologies that regulate the temperatures
to which workers will be exposed

4.

Communication and Navigation – to improve
systems of communication and navigation to
effectively communicate with workers over a
wide geographical area underground

Thermal Garments
Jannatec
Developing adaptive wearable mining technology to
normalize the environmental conditions in which a
worker is asked to perform his job duties.

Wearable Communications
Jannatec
To mitigate occupational health and safety risks as
our operations move to ultra-deep mining.

Environmental Air Quality Stations for Deep Mining
Maestro Mine Ventilation
To manufacturer gas sensors that can be calibrated
on surface with zero and span reference gases and
then brought to depth without the requirement to
re-calibrate at depth.

STRATEGIC THEMES & PROJECTS

This theme aims to develop sound and resilient
technologies to tackle occupational health and
safety challenges in ultra-deep mines. Coordinating
and seamlessly combining these technologies
together are essential to the advancement of UltraDeep Mining.

COMMERCIALIZATION SERVICES

COMMERCIALIZATION SERVICES
FOR NETWORK MEMBERS
To assist network members to grow through UDMN
innovation successfully commercialized by offering
high value support services.

Services

Descriptions

Business Advisory
Services

Tactical or strategic, depending
on the needs and gaps to
commercialization

Collaboration
Services

Market Readiness
Support

Introductions, networking,
referrals
Access to “Industry
Consultation Groups”
Market research and
assessment
Marketing tools and
promotional support

3rd Party Network
Partner Access

UDMN will negotiate 3rd party
offers that leverage the
network’s influence

Financial/Funding
Support

Leverage UDMN dollars along
with introductions to other
funding sources

Tactical Learning
Support

Lectures and learning resources

UDMN Mentorship

A facilitated problem resolution
group of UDMN network
participants

Eric Maag
Commercialization Director
Marcus Thomson
Commercialization Coordinator

Brian Buss
Rainer Paull
Kirk Rodgers
Adi Treasurywala

Douglas Morrison
Network Director
Bora Ugurgel
Managing Director
Sherry Greasley
Operations Director

BOARD OF DIRECTORS
Roger Emdin
Chair of UDMN Board
Sara Esam
Senior Program Manager
Networks of Centres of Excellence (Observer)
William (Bill) Forsyth
General Manager, Underground Studies, Underground
Centre of Excellence
Rio Tinto Copper, Growth & Innovation
Magdi Habib
Director General
Canmet MINING
(External Observer to Board)
Christine Kaszycki
Assistant Deputy Minister - Ring of Fire Secretariat
Ministry of Northern Development & Mines
Melanie Paradis
Communications
Vale - Corporate Office Base Metals
Ron Schwartz
Managing Partner
Adante Consulting Inc
Nigel Smith
Director
SNOLAB
Conor Spollen
Vice President North Atlantic Projects
Technology and Brownfield Exploration Vale Base
Metals
Rui Wang
Vice-President, Research
Laurentian University
David Willick
Mining Regional Leader - North America
GE Mining Solutions

THE TEAM

MANAGEMENT COMMITTEE

935 Ramsey Lake Road
Willet Green Miller Centre
Sudbury, Ontario
P3E 2C6
www.miningdeep.ca
info@miningdeep.ca

