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Introduction

What is our purpose?

Designing and
managing systems
that protect
employees.

What never changes?

Air 1s required for life —
ventilation systems are a
primary safety control in
underground mines.

What will be required?

Environmental Targets
Safe Work Environment
Supply Chain Partners
Research/Academia
New Strategy
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Introduction - Ventilation Design & Modeling

Ventilation Design

' Technology

Mine Layout
Production schedule

/ Equipment selection

Air volumes

Modeling

Mine does not have Heat concerns

Draft infrastructure
layout -
Raises, distribution

Are the air volumes
adequate for the
mine design?

> Climatic Analysis

f heat Is above limits,
can it be controlled by
increased air?

Refrigeration
design

Finalize infrastructure
design, distribution,
velocity, dust,
monitoring, risk
assessment results

A

Optimize design:

Automated Vent

Control System,
recirculation
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Health Safety Environment - HSE

Well-being in the Workplace

e |dentify potential hazards, minimize those hazards, continuously assess risk
e Both physical and mental well being
e What organizations must do to ensure their activities do not cause harm to anyone

Minimize the Environmental Impact where We Operate

¢ Innovative and proactive strategies to reduce pollution, climate change,
loss of biodiversity and promote sustainable practices

e Care for our employees and community
e Good environment = good health




Environment - Net Zero

Mining is required for products that support the world to achieve Net Zero Emissions

Why Net Zero Ideas
* Necessary to avoid conditions that will * D.ata Driven
worsen climate change impacts * Circular Economy

 Hydrogen Fuel Cells over Li-lon battery re-cycling issues
* Natural sources for conditioning the air before going
underground

* Global problem
* Social Responsibility

Challenges

* Supply chain problems, cost pressures, energy availability all challenge
the best intentions

* Applied technologies need to be sustainable and reliable

* Understanding new risks with technology
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Reducing the Footprint

Ventilation Systems

Power Conservation % Avg Electrical Demand

* Ventilation systems are 50% - 80% of a mine site power demand

* Technology used for moving personnel and materials can offer reduced air
volume — BEV, Hydrogen Fuel Cells

* Technology to automate ventilation systems adapted to reduce power
demand.

 Autonomous Mining — reduce power by moving material when no one is
underground svendlation et : CAmprRSSHAF PUMES

= Surface facilities = U/G Machinery = Other

* Main Fan locations, configuration, size, etc (surface/underground)
* Noise reducing technology part of the design
* Fan technology




Reducing the Footprint
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Comparison of air volume reduction potential considering mine depth/ heat loads
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BEV Shallow Mine

		

																										14		14				196

																										15		15				225

				TOTAL Airflow Required - Battery/electric Vehicles

						Activity				Quantity		Power		Total Power		Total Power		Velocity		Area		Volume		Volume

												(hp)		(hp)		(kW)						heading		Total

						Development

				Development Areas				Jumbo		1		112		112		84

				1 - Zone 1 Upper				8 yrd LHD		1		227		227		169

				1 - Zone 1 Lower (top ramp)				Bolter		1		105		105		78

				1 - Zone 1 Lower (bottom ramp)

								No. of Faces @ 15 x 15 (1500 & OB )		3								150		225		101,250

																						101,250

																		1.00				101,250

																								101250

						Production

				Production Areas				LHD		1		227		227		169

				1 - Zone 2 OB				Jumbo		1		61		61		45

				1 - Zone 2 OB Upper				Bolter		1		105		105		78

				1 - Zone 2 OB Lower				Jeep		1		94		94		70

								Truck		1		280		280		209

								No. of Faces @ 15 x 15 )		3								200		225		135,000

																						135,000

																		1.15				155,250

																								155250

				Air Velocity		Min

				Heading		100 ft/min		Drift size 15 x 15		22,500

				Block		150 ft/min		Drift size 15 x 15		33,750

				Development		100 ft/min		Drift size 15 x 15		22,500

				Footwall		200 ft/min		Drift size 15 x 15		45,000

								Summary

								Development Areas		1														101,250

								Production Areas		1														155,250

								Satellite Garage 1		1														0

								Satellite Garage 2		1														15,055

																								271,555

				Subtotal

								Mine System Leakage		15%														40,733

								Total Underground Volume Requirement																312,289

																												RA side

										Seconds																		33750				1500 l

				Service Bays				ASHRAE 3  minutes per air change		180																		33750				2050 L

								Location		W (m)		H (M)		L (M)		Volume m3		Airflow m3/s		Number		Total M3/sec		Total CFM				379,789

								1500 L		7.3		7.3		24		1279		7.1		1		7.1		15055

								2050 L		7.3		7.3		24		1279		7.1		1		7.1		15055





Diesel Shallow Mine

		

				TOTAL Airflow Required - Diesel Powered Vehicles

						Activity		Equipment		# Eqipment				HP		KW		Factor		100cfm/bhp		Utilization		CFM Supplied

						Development

				Development Areas				Jumbo		1				160		119		1		100		40%		6400

				1 - Zone 1 Upper				8 yrd LHD		1				325		242		1		100		100%		32500

				1 - Zone 1 Lower (top ramp)				Bolter		1				152		113		1		100		40%		6080

				1 - Zone 1 Lower (bottom ramp)																				44980

								No of development headings										3						134940

								Aux Re-circulation prevention										1.15						155181

								Development Volume																155181

						Production

				Production Areas				LHD		1				325		242		1		100		100%		32500

				1 - Zone 2 OB				Jumbo		1				160		119		1		100		40%		6400

				1 - Zone 2 OB Upper				Bolter		1				152		113		1		100		40%		6080

				1 - Zone 2 OB Lower				Jeep		1				134		100		1		100		40%		5360

								Truck		1				400		298		1		100		50%		20000

																								70340

								No of production blocks										3						211020

								Aux Re-circulation prevention										1.25						263775

								Production Volume																263775

						Summary																						0		m3/S

								Development Volume																155,181

								Production Volume																263,775

								Satellite Garage 1																40,000

								Satellite Garage 2																40,000

																								498,956

				Subtotal

								Mine System Leakage		15%														74,843

								Total Underground Volume Requirement																573,799





BEV Deep Mine

		

				TOTAL Airflow Required - Battery/Electric Vehicles

						Activity		Equipment		Quantity		Power 
(HP)		Power (KW)		Total Power 
(KW)		Velocity		Area		Volume		Volume Total

						Production

								8 yd scoop		2		227		169		339

								Personnel Carrier		1		94		70		70

								ITH		1		71		53		53

								Anfo loader		1		103		77		77

								Kubota		1		35		26		26

								30 T truck		1		286		213		213

								Bolter		1		112		84		84

								No of faces/level @ 15.5 x 15		4.3								100		232		99760

								aux re-circulation		1.15												114724

																								114,724

						Development

								8 yd scoop		1		227		169		169

								30 T truck		1		286		213		213

								Bolter		1		112		84		84

								Personnel Carrier		1		94		70		70

								No of dev headings @ 15.5 x 15		1								150		233		34950

								aux re-circulation		1.0												34950

																								34,950

				Air Velocity		ft/min

				Heading		100		Drift size 15.5 x 15		23,250

				Block		150		Drift size 15.5 x 15		34,875

				Development		150		Drift size 15.5 x 15		34,875

				Footwall		200		Drift size 15.5 x 15		46,500

								Summary

								Development Areas		4														139800

								Production Areas		6														688344

								Infrastructure (Garages, conveyors)																70000

				Subtotal				Subtotal																898144

								Mine System Leakage 15 %																134721.6

								TOTAL FRESH AIR VOLUME																1,032,866



Brian Keen:
leakage value reduced due to well sealed Fresh and Return air systems.



Diesel Deep Mine

		

				Diesel Equipment

						Activity		Equipment		# of Equipment		kW		Total HP		Factor (1.2)		100cfm/bhp		Utilization		CFM required

						Production (level)

								8 yd scoop		2		325		650		780		78000		100%		78000

								Personnel Carrier		1		134		134		161		16080		40%		6432

								ITH		1		102		102		122		12240		40%		4896

								Anfo loader		1		147		147		176		17640		40%		7056

								Kubota		1		50		50		60		6000		40%		2400

								30 T truck		1		409		409		491		49080		100%		49080

								Bolter		1		160		160		192		19200		40%		7680

																						155544

								Volume/heat aux recirc		25 % factor										25%		38886

																						194430

						Development

								8 yd scoop		1		325		325		390		39000		60%		23400

								30 T truck		1		409		409		491		49080		100%		49080

								Bolter		1		160		160		192		19200		40%		7680

								Personnel Carrier		1		134		134		161		16080		40%		6432

																						86592

								Volume/heat aux recirc		20 % factor										20%		17318

						Summary																103910.4

								Production		6												1068420

								Development		3												311731.2

								Development Ramp		1												103910.4

						Subtotals		SUBTOTAL MOBILE EQUIPMENT														1484061.6

								Infrastructure (Garages, conveyors)		1												100000

								BASE SUBTOTAL														1584061.6

								Mine System Leakage 15 %												0.15		237609

								TOTAL FRESH AIR VOLUME														1821671



Brian Keen:
account for horse power increase if new equipment is purchased. Currently only applies to the LHD's

Brian Keen:
30 T Truck operating on one level only. If the truck operates on multiple levels simultaneously, add in an additional 63750 cfm to the total

Brian Keen:
leakage value reduced due to well sealed Fresh and Return air systems.
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				Deep Mine		Shallow Mine

		Diesel Equipment		1820000		574,000

		Electric Equipment		1257000		312,000
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Environment - Circular Economy

recycle~
What is it?

e Using resources wisely I \

e Economic system to eliminate waste and the continual use of e use
resources. (wikipedia.org)

. . . \’ reuse /
e Nothing is waste - move away from a linear economy of extract, use,
dispose

e Reusing, repairing, remanufacturing, repurposing, recycling

 Industrial waste being used for paving, concrete bricks, concrete and

mortar, cement, plastic wood, sand, ceramics, artificial rock and
agriculture

e Technology to re-cycle Li-lon batteries




Business - Data Driven

Good data is essential to make informed and sound decisions

Benefits

* Good data is essential to make informed and sound decisions

* The amount of data that can be processed today can generate precise
answers superior to the use of representative data sets

Why is it hard?

* Becoming data driven requires a culture change

e Effort of change is underestimated

* Information often “de-centralized” with people choosing when, what and how to
consume.

* Majority of data is unstructured and hard to quantify

Harvard Business Review, Data Management by R Bean
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Data Driven — Modeling Data Base

How are or can measured data become part of the vent design?

Data base development applied to modeling:

» Per mine site

» Per company

» Per country

» Per Mining Community

Analysis is necessary to ensure conditions are understood for the data
applied — Al?

VVALE



Challenges

Challenges

® Regulations keeping up with technology

R I t - e Internal standards and guidance
e g u a I O n S e Cyber Security

e Heat in deep mines, climates with high temperatures
e Northern climates that require cooling and heating at the same time

. . . . .
I h | e Infrastructure age, degradation while implementing technology
e C n I C a * Mine expansion

e Process Control Underground

VVALE



Challenges

Challenges

Innovation

Business

Case

e Automation, mixed fleets

e Proven or Novel Technologies

e Cost — CAPEX and OPEX

* Modeling Approach and Vent Design
e Al

e Effective Communication

e Available Data and analysis of data
e Supply Chain

e Industry Partners

e Funding Partners

* Open Sourcing

VVALE



Journey of Change and Improvement

Act

e System Mgmt Changes

* Design improvements

* Model updates

e Technology improvements
e Trade-offs

Check

Digital Mine data analysis
e Verify assumptions
 Modeling method
* Regulatory compliance

Plan
* Strategy for vent design
changes

* Strategy for technology
* Select Technology
* Business Case using data

Do

*  Model

* Data calibration
* Budget

* Implement technology
e Communication to stakeholders

. VALE




Conclusion

» Mining is required for products that support the world to achieve Net Zero Emissions
» Our purpose will not change

1. designing and managing,
2. airis required underground,
3. employee well-being and care for the environment

» In driving for solutions, challenges will always be present

» The journey of change and improvement is a continuous loop

VVALE



| |

| | | Startups |

_)
/

Colleges/Universities

Think Outside the Box
Be open to Options

VVALE
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