MNE 504

Mine Design Il (Design of
Underground Mines and
Facilities)
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Series 1: Principles of Underground Mine Design
Series Outline
¢ 1.1 Fundamentals of Underground Mine Design
o 1.1.1 Definition and scope of mine design
o 1.1.2 Objectives of underground mine design
o 1.1.3 Key stages in mine design planning
¢ 1.2 Geological and Mineral Considerations

o 1.2.1 Geological data collection and interpretation
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o 1.2.2 Mineral deposit characteristics influencing design
o 1.2.3 Cut-off grade and mineral modelling
e 1.3 Selection of Mining Methods
o 1.3.1 Criteria for choosing underground mining methods
o 1.3.2 Machinery and equipment considerations
o 1.3.3 Case examples of method selection
¢ 1.4 Safety and Environmental Factors
o 1.4.1 Rules of conduct for safe underground work
o 1.4.2 Environmental and sustainability considerations
o 1.4.3 Riskassessmentin mine design
e 1.5 Application of Software and Practical Design
o 1.5.1 Software tools for mine.design
o 1.5.2 Integration of design techniques into practice

o 1.5.3 Practical design project overview

Introduction

Designing an underground mine is a complex and highly specialised task that requires careful
consideration of geology, engineering, safety, and economics. Unlike surface mining, underground
mining involves working in confined spaces where ventilation, support systems, and method
selection are critical'to both productivity and safety. This Series will provide you with the
foundational principles neededto understand how underground mines are planned and designed,
preparing you to engage with more advanced aspects of mine design later in the course.

The aimof this Series isto equip you with the knowledge and skills to define the scope of
underground mine design, analyse geological and mineral factors, evaluate suitable mining
methods, and apply practical design tools in a safe and efficient manner.

We shall commence this Series by examining the fundamentals of underground mine design,
including its scope, objectives, and planning stages. Next, we will move on to geological and
mineral considerations, focusing on how deposit characteristics and cut-off grades influence
design. Following that, we will explore the selection of mining methods, considering both criteria
and equipment. Subsequently, we will address safety and environmental factors, highlighting rules
of conduct and risk assessment. Finally, we will conclude with the application of software and
practical design projects, where theoretical knowledge is integrated into practice.

Series Learning Outcomes

-
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Upon completing this Series, you should be able to:
e SLO 1.1 define the scope and objectives of underground mine design,
e SLO 1.2 explain how geological and mineral deposit characteristics influence mine design,
e SLO 1.3 analyse criteria for selecting appropriate underground mining methods,
e SLO 1.4 evaluate safety and environmental factors in underground mine design, and

e SLO 1.5 apply software tools and practical techniques to design underground mines.

e acollection and interpretation, which provides information about the deposit’s size, shape,
and quality.

o Feasibility studies, which assess whether mining is economically and technically viable.
e lLayout design, which determines the arrangement of shafts; tunnels, and stopes.

e Safety and environmental planning, which ensures compliance with regulations and
sustainability standards.

¢ Implementation, where the design is translated into actual construction and operation.

Feasibility study is a detailed analysis that evaluates whether a mining project can be successfully
undertaken, considering technical, economic, and environmental factors.

Fillin the blank: The stage that evaluates whether a mining projectis viable is called a
study.

-
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STAGES OF UNDERGROUND MINE DESIGN PLANNING

KEY ACTIVITIES & CONSIDERATIONS ~ OUTPUTS & DELIVERABLES: GEOTECHNICAL FOCUS

Initial ore body assessment, high-level | Scoping Report Review of existing geological data,

market analysis, preliminary mining Order-of-magnitude cost RMR estimation, preliminary rock

method selection, infrastructure needs. | estimate (-35% to +50%) mass characterization.

Detailed resource model, trade-off PFS Report Additional drilling, geotechnical

studies (mining methods, processing), | Mineral Reserve estimate logging, preliminary stope/tunnel

preliminary mine layout, environmental | 1959 cost estimate stability analysis, seismic risk

baseline studies. assessment

Final mine design, detailed scheduling, | FS Report Comprehensive rock mechanics
3.FEASIBILITY metallurgical testing, environmental | Bankable Document program, detailed numerical

STUDY (FS)

impact assessment (EIA),
permitting.

Proved/Probable Reserves
+15% cost estimate

modeling (FLAC3D), ground support
design, ventilation study input
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ian| Final design drawings (excavation,

infrastructure), procurement,
construction, mine development
startup.

Construction packages,
operational readiness plan,
“For Construction” drawings

Implementation of ground support,
real-time monitoring (convergence,
microseismic), design
reconciliation.

Ongoing production, short-term

1| planning, design reconciliation,

continuous improvement

Daily/Weekly plans, updated
life-of-mine schedule,
reconciled reserves.

Daily ground control management,
backfill monitoring, design updates
based on operational experience.

Table 1.1 Key stages in underground mine design planning

Pilot questions 1.1

1.

2.

Define mine design in your own words.

What is meant by ore recovery?

1.2 Geological And Mineral Considerations

1.2.1 Geological data collection and interpretation

List two objectives of underground mine design.

Which stage of minedesign involves geological data collection?

Why is safety considered a primary objective in mine design?

T

Geological data refers to information gathered about the physical characteristics of the earth’s
crust,including rock types, structures, and mineral deposits. In underground mine design,
geological data collection is essential because it determines the feasibility and safety of mining
operations. Methods of collection include core drilling, geophysical surveys, and mapping. Once
collected, the data must be interpreted to understand the deposit’s geometry, continuity, and
quality.

Accurate interpretation helps in predicting ore boundaries and planning excavation layouts. If
geological data is misinterpreted, the mine design may lead to unsafe conditions or poor recovery
rates.
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Fillin the blank: Geological data provides information about the and mineral deposits of
the earth’s crust.
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Diagram showing geological data collection.methods such as drilling, mapping, and geophysical
surveys. Caption: Figure 1.2 Geological data collection methods

1.2.2 Mineral deposit characteristics influencing design

Mineral deposit characteristics are the physical and chemical properties of a mineral body that
influence how it can be mined. These include size, shape, depth, grade, and orientation. For
example, a narrow vein deposit may require selective mining methods, while a large tabular
deposit may allow for bulk mining.

The grade of a depositrefers to the concentration of valuable minerals within the ore. Higher
grades generally justify more intensive mining, while lower grades may require careful economic
evaluation: The orientation of a deposit, whether horizontal, inclined, or vertical, also dictates the
typeof excavation and support systems needed.

Fill in the blank: The concentration of valuable minerals within ore is known as the
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TYPES OF MINERAL DEPOSIT SHAPES: VEIN, TABULAR, AND MASSIVE
© VEINDEPOSITS (LEFT) @ TABULAR DEPOSITS (MIDDLE) @ MASSIVE DEPOSITS (RIGHT)

Q\ FORMATION: FORMATION: FORMATION:
Precipitation in open Concordant replacement Replacement, hydrothermal vent,
fractures or sedimentary layer Lenticular/Pod-like or magmatic segregation

Lenticular/

Fissure
Pod-like

Stratabound Laye
La =

Lenticular/Pod-like
Aol ¥ Disseminated Halo

Stockwork Core
Ore ) i1 Geometr;« Planar Linear Irregﬂar
Host rock 2. Host Rock Fractured Layered Any ‘
Formation Process 3. Formation Process  Fissure filling Replacement  Magmatic/Hydrothermal |
;ﬁ Magmatizoin open fractures | | 4. Mining Method Stoping Cut-and-Fill Open Pit/Block Caving ®ER

Image showing different types of mineral deposit shapes (vein, tabular, massive). Caption: Plate
1.1 Types of mineral deposit shapes

1.2.3 Cut-off grade and mineral modelling

Cut-off grade is the minimum grade at which a unit of ore is considered economically viable to
mine. Ore below this grade is classified as waste. Determining the cut-off grade is crucial because
it directly affects the size of the mineral reserve and the profitability of the mine.

Mineral modelling.involves creating a three-dimensional representation of the deposit using
geological data and cut-off grades. This model helps in visualising ore distribution, estimating
reserves, and planning stope design. Modern software packages are often used to generate
accurate modelsthat guide decision-making.

Fillin the blank: Ore below the cut-off grade is classified as
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TABLE: IMPACT OF CUT-OFF GRADE VARIATION ON MINERAL RESERVES

Demonstrating the inverse relationship between cut-off grade, ore tonnage, and average grade.

CUT-OFF GRADE | ORE TONNAGE| AVERAIE GRADE | CONTAINED METAL
(% Cu) @, (Million Tonnes) (% Cu) @| (Million Tonnes)
0.2% 120.5 0.35 & 0.42 Graphical Representation
0.3% 95.2 0.48 0.46 ofithe Tebie Deta
0.4% 72.8 0.61 044 |= 22
0.5% 55.4 0.75 041 | = 88
0.6% 411 0.92 0.38 e

Note: As Cut-Off Grade increases, Tonnage decreases, but Average Grade increases, while
Contained Metal fluctuates depending on the grade distribution.

Table 1.2 Relationship between cut-off grade and mineral reserves

Pilot questions 1.2
1. Whatis geological data, and why isit important in mine design?
2. Name two characteristics of mineral deposits that influence mine design.
3. Define grade in the context of mineral deposits.
4. Whatis meant by cut-off grade?

5. How does mineral modelling assist in underground mine design?

1.3 Selection Of Mining Methods
1.3.1 Criteria for choosing underground mining methods

Mining method selection is the process of determining the most suitable technique for extracting
a mineral deposit. The choice depends on several criteria such as deposit geometry, depth, grade,
rock strength, and economic considerations. For instance, a shallow, horizontal deposit may be
mined using room-and-pillar methods, while a deep, narrow vein may require cut-and-fill
techniques.

The decision is critical because it influences safety, cost, and ore recovery. Selecting the wrong
method can lead to excessive dilution, unsafe conditions, or uneconomical operations.
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Fillin the blank: The process of determining the most suitable technique for extracting a mineral
deposit is called selection.

COMPARISON OF UNDERGROUND MINING METHODS

Room-and-Pillar Cut-and-Fill Block Caving
Selective mining, Upward mining, Mass mining, caving
supported by pillars. progressively backfilled. induced by gravity.

Access

Access Ramp [] Stope [ Ore Cut [l Orebody

Diagram comparing different underground mining methods (room-and-pillar, cut-and-fill, block
caving). Caption: Figure 1.3 Comparison of underground mining methods

1.3.2 Machinery and equipment considerations

Machinery and equipmentiin underground mining refer to the specialised tools and machines
used for excavation, haulage, support, and ventilation. The choice of equipment depends on the
mining method selected. For example, room-and-pillar mining often uses continuous miners, while
cut-and-fill may rely on'load-haul-dump (LHD) machines.

The efficiency of equipment directly affects productivity and cost. Proper selection ensures that
ore is extracted safely and efficiently, while poor selection may result in delays, accidents, or
increased expenses.

Fill in the blank: In cut-and-fill mining, ore is often moved using machines.
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UNDERGROUND MINING EQUIPMENT AT THE WORKING FACE

Image showing common underground mining equipment such as LHD machines, continuous
miners, and drilling rigs. Caption: Plate 1.2 Common underground mining equipment

1.3.3 Case examples of method selection

Case studies provide practical insights into how mining methods are chosen in real-world
scenarios. For example, a gold vein deposit in South Africa may use cut-and-fill due to its narrow
geometry, while a large copper deposit in Chile may employ block caving for bulk extraction.

These examples highlight the importance of aligning deposit characteristics with method selection.
They also demonstrate how economic and safety considerations influence decisions.

Fillin the blank: Alarge copper deposit is often mined using the caving method.
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TABLE: CASE EXAMPLES OF UNDERGROUND MINING METHOD SELECTION
Demonstrating the application of selection criteria to specific orebody characteristics.
CASESTUDY | OREBODY GEOMETRY| ROCKMASS | MINERALIZATION SELECTED MINING KEY SELECTION
LOCATION/ NAME | (Shape, Dip, Width) | (puir/cs) (Type, Grade) METHOD RATIONALES
) : ; . |Volcanogenic Massive I ———— | High productivity required for
K'ddgﬁzs :Ame' Mgism;/ne, S\;veiggly Po(%t_gs':)a'r Sulfide (VMS), g ;?33,23 ?L?%asn) AI‘;— deep, wide orebody; stable
pping, High-Grade Cu/Zn A | hanging wall with cable bolting.
: [ Iron Oxide Copper . ==—— | Efficient mass mining of low-
oymptem. | Veylae, | Fabtotons | "RRNEEE | cenicammg | CHECTES
guiat, Disseminated =L | subsidence acceptable.
: . . K . | Selective mining to follow high-

Kelian Mine, Moderate to Steep, Fair Epithermal Gold, | — Cut-and-Fill ~ ———""| grade structures; poor ground

Indonesia (Historical) Vein/Breccia (45-60) Moderate Grade |  (Overhand) &=~ | conditions require immediate
support.

Chambishi Tabular. Shallow Di Good R dPillar Favorable dip and competent
BIMDS; A o P oo Copper, Stratiform | & joom-and-itar ’ rock allow for high-recovery,
Zambia (20-30 degrees) (65-75) (Mechanized) oot o dbianized eriaction

S Deep, massive orebody; very
LKAB Steenly Dippin Excellent Iron Ore, ., Sublevel Caving (SLC) - | competent hanging wall;
Kiruna, Sweden (60_7p0yd 6 ",2 es% (75-85) High Grade 4 (Massive Scale) requires high-volume,
9 automated operation.
*Note: Case details are illustrative of common selection principles. RMR = Rock Mass Rating, GSI = Geological Strength Index.

Box 1.2: Selected case examples of underground mining method selection

Pilot questions 1.3

1. What factors influence the choice of underground mining methods?

2. Name one method suitable for shallow, horizontal deposits.

3. Which equipment is.commonly used in cut-and-fill mining?

4. Why is machinery selection important in underground mining?

5. Give one example of a deposit and the method used to mine it.

1.4 Safety And Environmental Factors

1.4.1 Rules of conduct for safe underground work

Rules of conduct in underground mining are the established practices and behaviours that ensure
the safety of workers. These include wearing appropriate personal protective equipment (PPE),
following ventilation protocols, maintaining communication systems, and adhering to emergency
procedures. Safety rules are not optional, but mandatory, because underground environments
present hazards such as rock falls, gas emissions, and limited visibility.

For example, workers must always carry self-rescue devices and be trained in their use.
Supervisors must enforce compliance, and safety audits should be conducted regularly.

Fillin the blank: Underground workers must always carry devices to protect themselves in

emergencies.
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2\ UNDERGROUND MINING: PERSONAL PROTECTIVE EQUIPMENT (PPE) & SAFETY &

”'{‘A‘n'};? t? Ekﬁgm&?(” S «—————— EARRIFG RUIJECTION

(Head Protection & lllumination) (Nose Reduction)
(Impact & Dust Protection) ; BATTERY PACK & CABLE
EAR MUFFS / PLUGS
(Noise Reduction) } SELF-CONTAINED
SELF-RESCUER (SCSR)

(Emergency Breathing Apparatus)

SAFETY GLOVES

(Hand Protection)

HI-VIS JACKET & PANTS
(Visibility)

METATARSAL GUARD BOOTS

(Foot Protection)

CONDUCT PRE-SHIFT
INSPECTIONS

CHECK
@ VENTILATION &
AIR QUALITY

KEY SAFETY RULES

ALWAYS WEAR
REQUIRED PPE

REPORT UNSAFE
| ) cONDITIONS
IMMEDIATELY

FOLLOW
LOCKOUT/TAGOUT
PROCEDURES

¥ STAY CLEAR OF
@ MOBILE EQUIPMENT

J

Image showing miners wearing PPE and carrying safety equipment. Caption: Plate 1.3 Rules of

conduct for safe underground work

1.4.2 Environmental and sustainability considerations

Environmental considerations in mine design refer to the measures taken to minimise the
negative impact of mining on the surrounding ecosystem. These include controlling waste
disposal, managing water inflows, and reducing emissions. Sustainability means designing mines
in ways that balance resource extraction with long-term environmental protection.

For instance, underground mines should incorporate water recycling systems and dust
suppression techniques. Rehabilitation plans must also be prepared to restore land after mining

activities.

Fillin the blank: Designing mines to balance resource extraction with long-term environmental

protection is known as
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ENVIRONMENTAL MANAGEMENT PRACTICES IN UNDERGROUND MINING

@ Water Management @ Land Management

Water Treatment Plant Progressive Rehabilitation Waste Rock
Revegetated Area Storage Facility

- ———

3 )
Energy Optimization: 5 E[\grgy
LED Lighting & Efflcnency

' Ventilation on Demand l -

6 Water Management : 8 Backfilling

(Underground) f = = : .
Process Water Rgeycl B _I = l m Pa{ste? Backfill

Dust Scrubber

Blue: Water Flow Green: Airflow/Gas Orange: Solid Waste Grey: Process Flow

Diagram showing environmental management practices in underground mines (water recycling,
dust suppression, waste control). Caption: Figure 1.4 Environmental management practices in
underground mines

1.4.3 Risk assessment in mine design

Risk assessment is the process of identifying, analysing, and mitigating potential hazards in
mining operations. It involves evaluating risks such as ground instability, equipment failure, and
exposure to harmful gases. Effective risk assessment ensures that preventive measures are
integrated into the‘mine design.

For example, ground stability studies may recommend reinforced supports, while ventilation
design may address risks of gas accumulation. Risk assessment is continuous, meaning it must be
updated as mining progresses and new hazards emerge.

Fillin the blank: The process of identifying and mitigating potential hazards in mining operations is
called
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TABLE: STEPS IN RISK ASSESSMENT FOR UNDERGROUND MINING

* IDENTIFICATION

mine plans.

Initial Checklist

STEP NUMBER RISK ASSESSMENT KEY ACTIVITIES & UNDERGROUND MINING OUTPUT/
o O O o PROCESS ACTIONS EXAMPLE DOCUMENTATION
Review incident records, conduct workplace Identifying potential for ;
1 HAZARD inspections, brainstorm with workers, analyze ground fall in a specific @ el el
tunnel.

2. RISK ANALYSIS

Evaluate likelihood and consequence of each
identified hazard (e.g., using a matrix). Consider
exposure.

Assessing the probability of a
rock burst and its MRIX]

severity. YR K]

Risk Score
Risk Matrix

3. RISK EVALUATION

Compare risk scores against pre-defined criteria.
Determine if risk is ALARP (As Low As Reasonably

Deciding if the risk from
ground fall requires immediate

Risk Prioritization List,

5 MONITORING &
* REVIEW

information/technology, re-assessment after
incidents.

support, annual review of &2 4
the Ground Control
Management Plan. [N

Practicable) or unacceptable. :ggggn:dgggrftwmk L ALARP Decision
Implement controls based on hierarchy Installing rock bolts and Control

4. g:)sr:(TL%ELATMENT/ gfémm{lrgrtlwiubstltunon Engineering, mesh, implementing strict Implementation Plan,
Develop safe work procedures. blasting protocols. Updated SOPs
Regular audits of controls, review of new Daily inspections of ground | Aydit Reports,

Management Review
Record

*Note: This is an iterative process. Consultation with the workforce is crucial at all stages.*

Box 1.3: Key steps in risk assessment for underground mine design

Pilot questions 1.4

1. What are rules of conduct in underground mining?

2. Name one piece of personal protective equipment used by miners.

3. What is meant by sustainability in mine design?

4. Why is riska@ssessment important in underground mining?

5. Give one example of an environmental management practice in underground mines.

1.5 Application Of Software And Practical Design

1.5.1 Software tools for mine design

Software tools in underground mine design are specialised computer applications that assist
engineers in modelling, planning, and evaluating mining operations. These tools allow for three-
dimensional visualisation of ore bodies, simulation of mining methods, and optimisation of
layouts. Examples include software for geological modelling, stope design, and ventilation

analysis.

The use of software reduces human error, speeds up calculations, and provides more accurate
predictions of ore recovery and safety outcomes. By integrating geological data into digital models,
engineers can make informed decisions about mine design.
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Fillin the blank: Software tools allow engineers to create visualisations of ore bodies.

3D MINERAL RESOURCE MODELING WORKFLOW AND OUTPUT

e s DATA INPUT & INTERPRETATION
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Measured | Teanage | 1.5g/t
Indicated | Tonnage | 0.8 g/t
Inferred | Tonnage | 0.6g/t

Easling

Easting

Diagram showing a 3D mineral model generatedusing mine design software. Caption: Figure 1.5
Three-dimensional mineral model using software tools

1.5.2 Integration of design techniques into practice

Design techniques refer to the.engineering methods and calculations applied to mine planning,
such as stope design, shaftllayout, and support systems. Integration into practice means applying
these techniques in real-world scenarios using both theoretical knowledge and software outputs.

For example, after generating a mineral model, engineers may design stopes that maximise ore
recovery while ensuring stability. Ventilation systems can also be planned using airflow
simulations. This integration ensures that designs are not only theoretical but practical and
implementable.

Fill in the blank: Applying engineering methods such as stope design and shaft layout in real-world
scenarios is known as into practice.
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Image showing engineers reviewing mine design outputs on computer screens. Caption: Plate 1.4
Engineers integrating design techniques into practice

1.5.3 Practical design project overview

A practical design project is a hands-on exercise where learners apply the principles and tools of
mine design to a simulated or real case study. The project typically involves collecting geological
data, creating mineral models, selecting mining methods, and designing layouts for shafts,
tunnels, and stopes.

This project helps learners develop problem-solving skills and prepares them for professional
practice. It also encourages teamwork, critical thinking, and the application of safety and
environmental'standards.

Fillin the blank: Ahands-on exercise where learners apply mine design principles to a case study is
calleda project:

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



TABLE: STEPS IN A PRACTICAL MINE DESIGN PROJECT

PROJECT PHASE

0]0]6]0]6)

KEY ACTIVITIES & TASKS
Detailed process description

INPUTS & DATA REQUIRED
Information needed

MINE DESIGN
SOFTWARE TOOLS
Typical software applications

OUTPUTS &
DELIVERABLES
Resulting documents/models

1. SCOPE & DATA
COLLECTION

Define project objectives, economic
parameters, geological data compilation,
environmental baseline studies

Exploration data, resource
model, model,
topographical surveys

GIS (e.g., ArcGIS)
Database (e.g., SQL)

Project Execution Plan
Geological Database

Create 3D orebody wireframes,

Drillhole data, assay

estimation, DCF analysis

2. GEOLOGICAL - e ; Mine Design Software 3D Block Model
block modeling, grade estimation results, geological e :
MODELING (kriging), resource classification interpretations (.g., MineSight, Datamine) Resource Report
3. PIT OPTIMIZATION bﬁiﬁ?@Sﬁ‘éfss"."s‘""ﬂ'ﬁt.?hga?é"“.ﬂ.m.t Block model, economic | Qptimization Software | Optimized Pit Shell
"G DESIGN iy design, phase/pushback design, | P2remelers geotechmical | (e, Whitte) Fial it Deston
bﬂ hatlroad design ' constraints Mine Planning Mining Schedule
4. UNDERGROUND Stope layout, access development Geological model, : Underground Mine
DESIGN (declines, shafts), ventilation geotechnical data, mining (U ndergégwils Cfn':g:"m% Layout
If applicable system design, ground support jing method selection ¢g. ! Development Schedule
(If applicable)
5. INFRASTRUCTURE | design pant locaton, poner & Mk pianss Civil 3, Financial Modeling | _Infrastructure Layout
& FINANCIALS Rhoter s'up oly, detaile d Gost metallurgical testwork, (e.g., Excel, specialized | Feasibility Study Report
E\Z&[ < site layout software) Financial Model

*Note: This is an iterative process; phases often overlap and require feedback loops.*

Box 1.4: Outline of a practical design project in underground mining

Pilot questions 1.5

1. What are software tools used for innmine design?

2. Name one advantage of using software in underground mine design.

3. What does integration of design techniques into practice mean?

4. Whatis the'purpose of a practical design project?

5. Give one example of a taskincluded in a practical design project.

Series Summary

This'Series has introduced you to the fundamental principles of underground mine design,
highlighting its importance as the blueprint for safe, efficient, and economically viable mining
operations. We began by defining mine design and exploring its scope, then examined geological
and mineral considerations such as deposit characteristics, grade, and cut-off values. Following
that, we discussed how mining methods are selected, including the role of machinery and
equipment, and illustrated these with case examples. We then moved on to safety and
environmental factors, emphasising rules of conduct, sustainability, and risk assessment. Finally,
we concluded with the application of software tools and practical design projects, showing how
theoretical knowledge is integrated into practice.

-
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By completing this Series, you should now be able to define the scope and objectives of mine
design, explain how geological and mineral factors influence design, analyse criteria for selecting
mining methods, evaluate safety and environmental considerations, and apply software tools and
practical techniques to design underground mines. These outcomes directly align with the Series
Learning Outcomes (SLOs) and provide you with a strong foundation for the subsequent Series.

Glossary of Terms
e Cut-off grade: The minimum grade at which ore is considered economically viable to.mine.

¢ Feasibility study: A detailed analysis that evaluates whether a mining project can be
successfully undertaken, considering technical, economic, and environmental factors.

o Geological data: Information gathered about rock types, structures, and mineral deposits,
used to determine the feasibility and safety of mining operations.

¢ Mineral deposit characteristics: Physical and chemicalproperties of a mineral body, such
as size, shape, grade, and orientation, which influence mine design.

¢ Mineral modelling: The creation of a three-dimensional representation of a deposit using
geological data and cut-off grades.

o Mine design: The systematic process of planning and detailing the layout and operational
framework of a mine.

e Orerecovery: The proportion of valuable mineral extracted compared to the total available
deposit.

+ Risk assessment: The process of identifying, analysing, and mitigating potential hazards in
mining operations.

¢ Safety: Measures taken to protect workers from hazards such as rock falls, gas emissions,
and poor ventilation.

e Software tools: Computer applications used to model, plan, and evaluate mining
operations.

Concept Check Questions [Series 1]

Objective questions
1.. Define mine design. (Linked to SLO 1.1)
2. Whatis cut-off grade? (Linked to SLO 1.2)

3. Name one underground mining method suitable for narrow vein deposits. (Linked to SLO
1.3)

4. Which term refers to the proportion of valuable mineral extracted compared to the total
deposit? (Linked to SLO 1.2)

-
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Short-answer questions
5. Explain why geological data is important in underground mine design. (Linked to SLO 1.2)
6. State one environmental consideration in underground mine design. (Linked to SLO 1.4)
7. Describe one advantage of using software tools in mine design. (Linked to SLO 1.5)
Long-answer questions

8. Analyse the key objectives of underground mine design and explain how they balance
safety, recovery, and cost. (Linked to SLO 1.1)

o Basicresponse: Learners should mention safety, ore recovery, and economic
viability.

o Value-added response: Outstanding learners may also discuss sustainability,
environmental impact, and integration of modern technologies.

9. Evaluate the role of risk assessment in underground minedesign,providing examples of
hazards and mitigation measures. (Linked to SLO 1.4)

o Basicresponse: Learners should identify hazards such as ground instability and gas
emissions, and mention mitigation like supports and ventilation.

o Value-added response: Outstanding learners may also discuss continuous
monitoring, regulatory'‘compliance, and integration with software simulations.

Answers to Concept Check Questions [Series 1]

1. Mine design is the systematic process of planning and detailing the layout and operational
framework of a mine.

2. Cut-off grade is the minimum grade at which ore is considered economically viable to mine.
3. Cut-and-fillminingis suitable for narrow vein deposits.
4. Orerecovery.

5. Geological data provides information about deposit geometry, continuity, and quality,
which are essential for safe and efficient design.

6. Waste disposal managementis one environmental consideration.
7. Software tools provide accurate modelling and reduce human error.

8. Safety ensures worker protection, ore recovery maximises output, and cost control ensures
economic viability. Advanced responses may include sustainability and technology
integration.

-
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9. Risk assessment identifies hazards and integrates preventive measures. Advanced
responses may include continuous monitoring and regulatory compliance.

Answers to Pilot Questions [Series 1]
e Mine design is the blueprint of underground mining operations.
e Objectives include maximising ore recovery and ensuring safety.
e Geological data collection occurs during the planning stage.
e Orerecovery is the proportion of valuable mineral extracted compared to the total deposit.
e Safetyis a primary objective because underground mining environments are hazardous.
e Geological datais information about rock types, structures, and deposits.
e Characteristics include grade and orientation.
e Grade is the concentration of valuable minerals in ore.
o Cut-off grade is the minimum grade for economic viability.
e Mineral modelling assists by visualising ore distribution and planning stopes.
o Factors influencing method choiceinclude deposit geometry and depth.
o Room-and-pillar is suitable for.shallow, horizontal deposits.
e LHD machines are used in cut-and-fill mining.
e Machinery selection affects productivity and safety.
e Example: Copper deposits mined using block caving.
o Rules of conduct.include PPE use and emergency preparedness.
e PPEincludes helmets and self-rescue devices.
e Sustainability balances resource extraction with environmental protection.
e Risk assessment identifies hazards and integrates preventive measures.
¢ Environmental management practices include dust suppression.
e Software tools are used for modelling and planning.
e Advantage: They reduce human error.
¢ Integration means applying theoretical techniques in practice.
e Purpose of a practical design projectis to apply principles in a case study.

o Example task: Designing stope layouts.

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



References and Attributions [Series 1]

e Figures, Plates, Tables, and Boxes were suggested as placeholders with Al prompts for
generation.

o Figure 1.1 Scope of underground mine design: Suggested Al prompt “Diagram illustrating
scope of underground mine design with geology, engineering, safety, environment”:

e Plate 1.1 Types of mineral deposit shapes: Suggested Al prompt “Illustration of mineral
deposit shapes vein tabular massive”.

e Table 1.2 Relationship between cut-off grade and mineral reserves: Suggested Al prompt
“Table showing effect of cut-off grade on mineral reserves”.

e Plate 1.2 Common underground mining equipment: Suggested Al prompt “Image of
underground mining equipment LHD continuous miner drilling rig”.

e Figure 1.4 Environmental management practices in underground mines: Suggested Al
prompt “Diagram of environmental management practices in underground mining”.

e Plate 1.4 Engineers integrating design techniques into practice: Suggested Al prompt
“Image of mining engineers reviewing mine design software outputs”.

e Box 1.4 Outline of a practical design project: Suggested Al prompt “Table summarising
steps in a practical mine design project”.

e Open Educational Resource (OER) search strings were provided for each illustration to
encourage sourcing from freely available educational materials.

Series 2: Shafts and Excavation Techniques
Series Outline
e 2.1 Design and construction of shafts
o. 2.1.1 Types of shafts and their functions
o 2.1.2 Shaft site investigation and preparation
o 2.1.3 Phases of shaft construction
e 2.2 Methods of shaft sinking

o 2.2.1 Bench method

-
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o 2.2.2Jora lift method
o 2.2.3 Drilling and blasting parameters in shaft sinking
e 2.3 Excavation of winze and raise
o 2.3.1 Definitions and purposes of winze and raise
o 2.3.2Techniques for excavation
o 2.3.3 Safety considerations in winze and raise construction
e 2.4 Tunnel, drift, and adit design
o 2.4.1 Functions and applications of tunnels, drifts, and adits
o 2.4.2 Methods of tunnelling using machines and explosives
o 2.4.3 Cost optimisation and safety in tunnelling
e 2.5 Hoisting machines and support systems
o 2.5.1 Application of hoisting machines in shaft operations
o 2.5.2 Powered supports'and arch design

o 2.5.3 Nutand bolt supports in excavation

Introduction

Shafts and excavation techniques form the backbone of underground mine development. Without
properly designed shafts, winzes, raises, and tunnels, it would be impossible to access ore bodies
safely and efficiently. This Series will guide you through the engineering and practical aspects of
constructing these vital structures, highlighting the importance of careful planning, method
selection, and.safety considerations. By studying this Series, you will gain insight into how
underground access routes are created and maintained, which is essential for the success of any
mining operation.

The.aim of this Series'is to equip you with the knowledge and skills to design, evaluate, and apply
excavation techniques for shafts, winzes, raises, tunnels, and drifts, while integrating hoisting
machines and support systems for safe and cost-effective operations.

We shall commence this Series by exploring the design and construction of shafts, including types,
site investigations, and construction phases. Next, we will examine methods of shaft sinking such
as the bench method and Jora lift method, along with drilling and blasting parameters. Following
that, we will move on to the excavation of winzes and raises, considering their purposes,
techniques, and safety requirements. Subsequently, we will study tunnel, drift, and adit design,
focusing on tunnelling methods and cost optimisation. Finally, we will conclude with hoisting

-
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machines and support systems, where you will learn about powered supports, arches, and bolt
systems that ensure stability and safety in excavation.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 2.1 describe the types of shafts and explain the phases of shaft construction,

e SLO 2.2 analyse different methods of shaft sinking and evaluate their suitability for specific
conditions,

e SLO 2.3 explain the purposes of winzes and raises and apply appropriate excavation
techniques,

e SLO 2.4 design tunnels, drifts, and adits using suitable methods of tunnelling and blasting,

e SLO 2.5 evaluate the application of hoisting machines and support systems in excavation
projects.

2.1 Design And Construction Of Shafts
2.1.1 Types of shafts and their functions

Shafts are vertical or inclined passages constructed in underground mines to provide access,
ventilation, and haulage. They serve as the main arteries of the mine, connecting the surface with
underground workings. The two main types are vertical shafts, which are most common and
efficient for deep mines, and inclined shafts, which are used where deposits are not vertically
aligned.

Functions of shafts include transporting ore to the surface, moving workers and equipment, and
supplying fresh air. Without shafts, underground mining operations would be severely limited.

Fill in the blank: Shafts are passages that connect the surface with underground workings.

-
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TYPES OF MINE SHAFTS AND THEIR FUNCTIONS

VERTICAL SHAFT SYSTEM INCLINED SHAFT SYSTEM (DECLINE)
HEADFRAME &
Horst House —> AR K:ORL ENTRANCE _ g VENTILATION FAN
COLLAR—> A "'\ ) »

4

Diagram showing vertical and inclined shafts with la e ctMtion: Figure 2.1 Types of
shafts and their functions

Site investigation refers to the pro ing the ground conditions before shaft
construction. This includes geologic il testing, and hydrological studies to identify

struction, engineers conduct to assess ground conditions.

Fillin the bla @. sha
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Caption: Plate 2.1 Shaft site investigation and preparation

2.1.3 Phases of shaft construction
Shaft construction typically progresses through several phases:
o Initial excavation, where the surface is opened and the shaft collar is established.

¢ Lininginstallation, which involves placing concrete or steel supports to stabilise the shaft
walls.

¢ Deepening and reinforcement, where excavation continues downward with additional
supports.

¢ Final outfitting, which includes installing hoisting systems, ventilation ducts, and safety
ladders.

Each phase must be carefully planned and executed to ensure safety and efficiency. For example,
lining prevents rock falls, while hoisting systems enable ore and personnel movement.

Fillin the blank: The installation of concrete or steel supports in shaft walls is known as
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TABLE: PHASES OF SHAFT CONSTRUCTION AND ACTIVITIES

PHASE NUMBER & TITLE

KEY ACTIVITIES

EQUIPMENT & METHODS

PRIMARY CONSIDERATIONS

1. SITE PREPARATION &
COLLAR CONSTRUCTION

©

Clearing, excavation of surface soil,
installation of temporary collar and headframe
foundations, construction of concrete collar

Excavators, cranes, concrete trucks,
formwork

Surface stability, utility relocation,
environmental controls, precise
survey

2. SHAFT SINKING
(BLASTING & MUCKING)

Drilling blast holes, charging with explosives,
blasting, ventilation, mucking (loading broken
rock), hoisting rock to surface

loaders/clamshell, mucking
winches, ventilation fans,

skips/kibbles, sinking stage

&Jumbo drill rigs, explosives, LHD

3. GROUND SUPPORT
& LINING

Scaling (removing loose rock), installation of
primary support (rock bolts, mesh, shotcrete),
pouring concrete lining (shaft formwork)

Fragmentation, gas control, ground
stability, water inflow, safety
protocols

shotcrete sprayers, concrete delivery

KScaling bars, bolting jumbos,
system, steel or concrete forms

Rock mass quality, lining thickness,
curing time, hydrological conditions

@ 4. STATION
DEVELOPMENT

Excavation of horizontal access tunnels
(drifts) at specific levels branching from the shaft

@~ Development jumbos, LHDs,
trucks, ventilation

Alignment with shaft, geotechnical
stress, future mine planning

5. SHAFT OUTFITTING &
EQUIPMENT
INSTALLATION

o

Installation of permanent conveyances (cages,
skips), guides (steel or wood), ventilation
ducting, piping (water, compressed air),
electrical cables, signals, and communications

Cranes, winches, welding
equipment, installation stage

Precision alignment, clearance,
integration with mine infrastructure,
testing

6. COMMISSIONING &
HANDOVER

Final inspection, load testing of hoists and
conveyances, safety system checks, operational
training, handover to mine operations

Test weights, monitoring
systems, documentation

B

Regulatory compliance, operator
competency, full operational
readiness

*Note: Phases are illustrative and may vary based on specific geological and project requirements.*

Table 2.1 Phases of shaft construction and their key activities

Pilot questions 2.1

1. What are shafts, and what functions do they serve in underground mining?

2.

Name two types of shafts.

2.2 Methods Of Shaft Sinking

2.2.1 Bench method

What is the purpose of site investigation before shaft construction?

Why is proper site preparation important in shaft construction?

Which phase of'shaft construction involves installing concrete or steel supports?

The bench method is a traditional technique of shaft sinking where excavation is carried out in
successive horizontal layers, or benches. Each bench is drilled, blasted, and mucked out before

the next layer is started. This method is relatively simple and allows for controlled progress, making

it suitable for medium-depth shafts.

Its advantages include ease of operation and flexibility in handling varying ground conditions.
However, it can be slower compared to mechanised methods and requires careful support
installation to prevent collapse.

Fill in the blank: In the bench method, excavation is carried out in successive horizontal
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BENCH METHOD OF SHAFT SINKING (STEP-WISE EXCAVATION)

-
QEBM'N'#-GG

TOP BENCH

THIRD BENCH
Ve biasiing s

Temporary
Ground Support
(Rock Bolts & Mesh)

Fragmentation J@= &

Mucking
BENCH METHOD SEQUENCE: &= || Machine
1. Drill (Top Benche

2. Charge & Blast (Second Bench)
3. Muck (Third Bench) | -
4. Repeat Bench Length/Width

Kibble for
Mucking Machine Mucking

Diagram showing the bench method of shaft sinking with labelled benches. Caption: Figure 2.2
Bench method of shaft sinking

2.2.2 Jora lift method

The Jora lift method is a shaft sinking technigue that uses a rope and bucket system, commonly
referred to as a jora, to remove excavated material. Workers load muck into the bucket, which is
then hoisted to the surface. This method is often used in shallow shafts or where mechanised
equipment is not available.

The Jora lift method'is cost-effective and simple, but it is labour-intensive and less efficient for
deep shafts. Safety precautions are critical, as improper handling of the bucket or rope can lead to
accidents.

Fillin the blank: Inthe Jora lift method, excavated material is removed using a rope and
system:
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JORA LIFT METHOD OF SHAFT SINKING - OPERATIONAL STAGE
7 [ SNy
W TN e

~ERMMNG
Image showing workers using a Jora lift system in shaft sinking. Caption: Plate 2.2 Jora lift method
of shaft sinking

2.2.3 Drilling and blasting parameters in shaft sinking

Drilling and blasting are essential processes in shaft sinking, especially in hard rock formations.
Drilling involves creating holes in the rock, which are then filled with explosives. Blasting fractures
the rock, allowing it to be removed. Key parameters include hole diameter, depth, spacing, and the
type of explosive used.

Proper design of drilling and blasting patterns ensures efficient rock breakage, minimises
overbreak, and reduces vibration. Safety measures must be strictly followed, including controlled
timing of blasts and evacuation of personnel.

Fillin the blank: The process of fracturing rock using explosives after drilling holes is called
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TABLE: DRILLING & BLASTING PARAMETERS FOR SHAFT SINKING

PARAMETER CATEGORY

(Broup name)

1. SHAFT GEOMETRY

SPECIFIC PARAMETER

(Item (itiem)
Shaft Diameter

TYPICAL VALUE RANGE / DESCRIPTION

(Technical data)

6.0m to 10.0m+

OPERATIONAL CONSIDERATIONS

(Impact/Reasoning)

Directly impacts number of holes,
cycle time, and muck volume

6. BLASTING SEQUENCE &
TIMING

. T 3u€r:n C&t (Plazjauell H)ole) _(/ 50(1 dﬁ/erlmine Q Fm determines ifr;itial voidvand |
e of Cu! -Cut (Angled Hole 3 -cual Vales ragmentation efficiency; V-cuts less
2.( ([:)ll}#L_IL'IYI:)(E)PATTERN P é | |spiral Cor’ = g | commonin deep shafts
Number of Cut Holes 15% to 25% of total holes 8% totalholes ?S{Se holes for harder rock or tighter
3. DRILLING PATTERN Total Holes per Round 80 to 150+ \éﬁ{i;zyspgith diameter, rock strength, and
HOLE DISTRIBUTION - : Spacing (S) = 0.6m to 0.8m, Crucial for wall control and minimizin
( ) | Perimeter (Line) Holes Bﬂrdeng(B) =0.7m to 0.9m overbreak .
T E Basthole Diameter(8) | oS (erpadion). [ Lo Toles for i, Lrgr e o, e for
? 1.5m to 4.0m (dependent on advance | Determined by sinking stage etermined by sinking stack lower for
CHARACTERISTICS Blasthole Length (L) rate and equipmepnt) advance and rynuckingg cycFe soft rock ’ -
Powder Factor 1.5 kg/m*t0 3.0 kg/m® E(i)%hreg cf':(actor for harder rock, Tower for
Type of Explosive ,{"- iﬂ#g'ﬁ: SF;’%%?EO?I'S?” tridge). | water resistance, energy density
5. EXPLOSIVES Initiation System Non-electric (Nonel) detonators, Electronic detonators (for Electronic for better fragmentation
y Electronic detonators (for precise timing) | precise timing) and reduced vibration
Cut Timing 5'. '(glsélanzlgr';‘es‘fgg;’ssbhe‘:{;ed:,lagol es) | Createand expand the void Create and expand the void

Production Holes Timing

Perimeter Holes Timing

Delay (e.g., 100ms-500ms between
rings/rows)

Longest delay (e.g., 500ms+)

Delay (e.g., 100ms-500ms

 between rings/rows)

Wall contBelay (e.g., 500msi++)

Throw muck towards the cut

Wall control, firing last

*Note: Parameters are illustrative and must be adjusted for specific rock mass conditions, shaft depth, and local regulations.*

Table 2.2 Key drilling and blasting parameters in shaft sinking

Pilot questions 2.2

1. Whatis the bench method of shaft sinking?

2.

Name one advantage of the bench method.

What equipment is used in the Jora lift method?

2.3 Excavation Of Winze And Raise

2.3.1 Definitions and purposes of winze and raise

Why is the Jora lift method less suitable for deep shafts?

List two key parameters in drilling and blasting for shaft sinking.

Awinze is.a downward excavation driven from an existing level to connect with a lower level, while
araise is an upward excavation driven to connect with a higher level. Both are essential for
providing access, ventilation, and ore transfer between different levels of a mine.

Winzes are often used to extend workings downward without sinking a new shaft, while raises are
used to improve airflow or create ore passes. Together, they form critical secondary connections in
underground mine design.

Fillin the blank: A downward excavation connecting to a lower level is called a
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WINZE AND RAISE EXCAVATIONS IN UNDERGROUND MINES (VERTICAL DEVELOPMENT)

WINZE EXCAVATION (DOWNWARD DEVELOPMENT) RAISE EXCAVATION (UPWARD DEVELOPMENT)
UPPER MINE LEVEL y UPPER MINE LEVEL
(ACCESS) whame, 3% (ACCESS)

Primary Purpose: UPPER MINE LEVEL
Ore passes, ventilation, (TARGET)
access, connecting levels

from below.

Primary Purpose:
Exploration, ventilation,
connecting levels from above.

Diagram showing winze and raise excavations in relation to mi Maption: Figure 2.3 Winze
and raise excavations

2.3.2 Techniques for excavation

Excavation of winzes and raises ca ing several techniques. The most common

are:

e Drilling and blasti

Raise boring i @ e-diameter raises because it is safer and more efficient, while
tablefor medium-sized raises where flexibility is needed.
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RAISE BORING METHOD: UNDERGROUND DEVELOPMENT

PILOT HOLE DRILLING . .
Raise Boring

Machine (RBM)

_~ Ventilation Ducting

Upper Mine Level

REAMER HEAD
REAMING

REAMER HEAD
Y CUTTERS

Image showing raise boring equipment in operation. Caption: Plate 2.3 Raise boring technique

2.3.3 Safety considerations in winze and raise construction

Safety is paramount in winze and raise construction because these excavations involve confined
spaces and vertical movement. Key safety considerations include:

o Ensuring proper ventilation to prevent gas accumulation.

¢ Installing temporary supports to prevent rock falls.

e Using secure ladders or mechanised platforms for worker access.

o Strictly.controlling blasting operations to avoid uncontrolled rock breakage.

Accidents in winze and raise construction can be severe, so adherence to safety protocols is non-
negotiable:

Fill in the blank: One key safety measure in winze and raise construction is ensuring proper
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TABLE: SAFETY MEASURES IN WINZE AND RAISE CONSTRUCTION
REQUIRED SAFETY MEASURES

CONSTRUCTION PHASE

POTENTIAL HAZARDS

PPE & EQUIPMENT

KEY PROCEDURES &
PROTOCOLS

V20066

Specific risks

Preventative actions

Install temporary fences/barriers,

Personal Protective Equipment

Hard hat, steel-toe boots,

Operational rules

(MATERIAL REMOVAL)

(LHD, truck), falls into open
raise, collapsing muck pile

maintain clear visibility, secure
equipment

1. SITE PREPARATION & Unstable ground, falls from e Daily pre-shift inspection,
; f / secure ground support, clear loose || hi-vis, gloves, safety hamess :
COLLAR CONSTRUCTION T kgl et rock, establish safe access when near edge e e
i i Install primary ground support o

2. DRILLING ?— Egulig%?[ﬁk;ng?flzﬁ'czﬁt' (bolts, mesh) before drilling, use E:;ﬂ:; lr,”%zigecttyzogi:asses, Jackleg/stoping drill safety
(UP & DOWN) manual handling egrsl':iIsaligopr{ess:é%lr‘é%%suui;)ern ot respirator mask, gloves check, proper body posture

i Restrict access, barricade all S ; Formal blasting procedure,
3. BLASTING - E{:g,ﬂ?;ﬁgi??ﬁgg? ' entrances, use approved explosives| Antistatic clothing, safety | pjact areq clea?ar:\ce check,
(CHARGING & FIRING) flyrock, misfires 2 ;ﬂé%ﬁ::go\}em?;?ugﬁn' ensure glasses, gloves, cap lamp vemﬂati'on delay, misfire

: protocol

4. MUCKING Struck by mable equipment | Bty BTAOH OS2 | g i, i cloting, | LHD/ruk trafc e,

safety glasses, steel-toe
boots

“tag-in/tag-out” system for
muck bay

5. GROUND SUPPORT }‘
INSTALLATION
(BOLTING & SHOTCRETE)

Loose rock falling,
equipment pinch points, che
exposure (shotcrete)

Install support progressively, use
proper staging, ensure
ventilation, test ground support
effectiveness

Hard hat, safety glasses,
loves, coveralls, respirator
?for shotcrete)

Ground Control Management
Plan (6CMP), scaling
procedure, chemical safety

6. SECONDARY EGRESS 5
& VENTILATION =

Lack of escape route, poor
air quality, equipment failure

Establish and maintain secondary
escaFeway, install and monitor
ventilation system (fans, ducts),
provide emergency lighting

Self-contained self-rescuer
(SCSR), cap lamp

Emergency response plan,
reqular ventilation checks,
escapeway signage

*Note: This table provides a general summary. Always consult site-specific procedures and regulations.*

Box 2.1: Safety measures in winze and raise construction

Pilot questions 2.3

1. Whatis the difference between a winze and a raise?

2.

What is Alimak raising used for?

2.4 Tunnel, Drift, And Adit Design

Name one purpose of a raise in underground mining.

Which excavation technique uses apilot hole and reaming head?

State one safety measure in winze and raise construction.

2.4.1 Functions and applications of tunnels, drifts, and adits

Tunnels are horizontal or near-horizontal passages driven into rock to provide access to ore bodies
or facilitate transportation. A drift is a horizontal passage that follows the vein or ore body, while an
adit is a horizontal opening driven from the surface into the side of a hill or mountain to access

underground workings.

These structures serve multiple functions, including ore haulage, ventilation, drainage, and
exploration. Adits are particularly useful for shallow deposits, as they provide natural drainage and
ventilation without the need for complex systems.

Fillin the blank: A horizontal opening driven from the surface into a hillside is called an

-
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UNDERGROUND MINE LAYOUTS: TUNNELS, DRIFTS, AND ADITS

6 ZONE 1: ADIT & MOUNTAIN ACCESS. ZONE 2: DRIFT DEVELOPMENT. ZONE 3: OREBODY ACCESS & STOPING.
/ \,, ~ UNDERGROUND
N CRUSHER STATION SECONDARY

R EGRESS RAISE

AT\

" VENTILATION
FANHOUSE  epegy aip
; -~ RAISE

LONGHOL-FILL e
OPENSTOPING  so6es

MAIN HAULAGE Ry

CROSS-CUTS STOPES

ZONE 4: MINE INFRASTRUCTURE.

ERVICE UNDERGROUND UNDERGROUND ERGROUND
-' CRUSHER STATION REFUGE STATION M}m’,’tm';@
DEVELOPMENT e DECUN & % . RE PASS

DRIFTS

EXHAUSTORIFT  qypp & pymi

S| | == rom = CROSS-CUT g

@ 1| == ORIFT (PRIMARY HAULAGE) I VENTILATION RAISE | 7 EGRESS RAISE CA
& | == oRIFT (oEveLoPMENT) I OREBODY & ECRESS RAISE
Z|| #~ DECLINE/RAMP [ WASTE ROCK z

& || == cross-cur INFRASTRUCTURE | & || LENGTH: Om - 1000

Diagram showing tunnel, drift, and adit layouts in underground mining. Caption: Figure 2.4 Tunnel,
drift, and adit layouts

2.4.2 Methods of tunnelling using machines and explosives

Tunnelling can be achieved through-mechanised methods or conventional drilling and blasting.
Tunnel boring machines (TBMs) are large mechanised devices that cut through rock continuously,
producing smooth tunnel walls. They are efficient for long tunnels but require high capital
investment.

Alternatively, drilling and blasting involves drilling holes, charging them with explosives, and
blasting to break rock. This methodis flexible and widely used, especially in mines where TBMs are
impractical. The choice depends on deposit characteristics, cost, and safety requirements.

Fillin the blank: Large mechanised devices that cut through rock continuously are called tunnel
machines.
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TUNNEL BORING MACHINE (TBM) IN UNDERGROUND MINE DEVELOPMENT

@ CUTTER HEAD THRUST RAMS TRAILING GEAR @ VENTILATION FAN
B MUCK BUCKETS L) TUNNEL LINING SEGMENTS ~ TRAILING GEAR @ VENTILATION FAN
S\ SCREW CONVEYOR (3] SEGMENT ERECTOR CONTROL CABIN 5 POWER SUPPLY
@ SHIELD @ TRAILING GEAR CONTROL CABIN (&) WATER PUMP

|
|

OREBODY .
FACE

TUNNEL LINING
INSTALLATION

; OREBODY
‘ TBM OPERATOR | AN (MINERALIZED ZONE)
STATION _ [ HAINTENANCE

HOST ROCK

Image showing a tunnel boring machine in operation. Caption: Plate 2.4 Tunnel boring machine in
operation

2.4.3 Cost optimisation and safety in tunnelling

Cost optimisation in tunnelling involves selecting methods and equipment that balance efficiency
with affordability. For example, TBMs may reduce labour costs but require high initial investment,
while drilling and blasting may be cheaper initially but slower in progress.

Safety in tunnelling requires proper ventilation, support systems, and monitoring of rock stability.
Dust suppression and controlled blasting are also essential to protect workers. Effective cost and
safety planning ensures that tunnelling projects remain viable and secure.

Fillin the blank: One key safety requirement in tunnelling is proper to prevent gas
accumulation.
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TABLE: COST OPTIMIZATION & SAFETY MEASURES IN TUNNELLING

KEYACTIVITIES & | cosT OPTIMIZATION STRATEGIES | CRITICAL SAFETY MEASURES Sz s
CONSTRUCTION PHASE OBJECTIVES INTERDEPENDENCIES
What is done and wh Methods to reduce costs Methods to ensure safety How cost and safety overlap
Optimize borehole density (avoid Comprehensive risk assessment, | Good data prevents costly
@ .SS(I;'EAI:xIE:gIGATION gﬂdﬁﬁéﬁ?d geology, define over/under-drilling), use remote define exclusion zones, establish | surprises and accidents; saves
9 sensing, accurate geotechnical modeling | emergency plans time and lives.
Select appropriate method (D&B vs | Implement strict blasting protocols, | TBM automation improves speed
@ 2.EXCAVATION Advance the tunnel face, TBM) based on rock mass, optimize | ventilation control, ground support | and salfjely; c(;m,o"g]dr b‘iaslir?g
(DRILL & BLAST / TBM) | control overbreak blast patterns, use TBM for long installation (shotcrete, bolts), TBM | reduces ground disturbance and
drives, manage muck efficiently maintenance risk.

- Standardize support elements, . | Optimized support is safer and
3.GROUND SUPPORT Ensure tunnel Slablhty, optimize sy, pop class selection Install Sl.]ppon _C|0$€ to face “’re. ct?ea er (|essprpew0rk). mechanized
INSTALLATION prevent collapse (only use what's needed), modern | Support if required), use mechanized 5 steEns reduce worker exposure

Use modern anchoring techniques | bolting/shotcrete, scale loose rock e¥econs.
Standardize segment design, use : ; uality lining reduces long-term
ong-term durability, water igh-performance concrete (less e i (e maintenance costs and failure
Long Y hiah-perf i Ensure segment integrity, safe Quatitylining g
(©) 4.TUNNEL LINING tightness ‘ material), implement precast liting/handling, proper grouting, | icy- safe handling prevents
ﬁgir:g?:ﬁc lr‘::el:stsy control, optimize | manage water inflow crushing injuries
; ; Combine utility trenches, use Proper electrical insulation, install | Integrated design reduces clutter
ISNSsng;\II.ICLAEﬁgNSYSTEMS zr:?:\i’r‘g:ns\::let v;ﬂmg energy-efficient systems, modular v(ejntilalionl (%as detelection, airflow), | and installation time;lrfeliable ’
; Y installation, pre-planning routes adequate lighting, clear services are essential for worker
(VENT, POWER, DRAIN) ~ | equipment emergency egress health and safety 2
Optimize traffic flow, use high- Implement traffic rules, clear Efficient Ié)gisl}_ic_s reQuEe idleftimg
6.LOGISTICS & Move muck out, bring capacity rolling stock/conveyors, | signage, personnel/vehicle (°°'5L') an t°.° 'fj"’” ISKS (s?_ety),
TRANSPORT materials/personnel in schedule deliveries (JIT), separation, safe refuge stations, r’g S Iri?g'" ta(Ianer e:ﬁ‘éfx:‘eg : E
maintain equipment regular equipment checks ceause ac)clzidents

*Note: Cost and safety are often positively correlated; investing in safety measures can prevent expensive delays and incidents.*

Box 2.2: Cost optimisation and safety measures in tunnelling

Pilot questions 2.4

1. Whatis the difference between a tunnel, a drift, and an adit?

2. Name one function of an adit in underground mining.

3. What equipment is used for mechanised tunnelling?

4. Why mightdrilling and blasting be chosen over TBMs?

5. State one safety measureintunnelling operations.

2.5 Hoisting Machines And Support Systems

2.5.1 Application of hoisting machines in shaft operations

Hoisting machines are mechanical systems used to lift ore, waste rock, equipment, and
personnel through shafts. They are vital for efficient underground operations, ensuring that
materials are transported safely and quickly between the surface and underground levels.
Common types include drum hoists and friction hoists, each suited to different shaft depths and

loads.

The choice of hoisting machine depends on factors such as shaft depth, load capacity, and
operational speed. Proper maintenance and inspection are essential to prevent accidents and

ensure reliability.

-
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Fillin the blank: Mechanical systems used to lift ore and personnel through shafts are called
machines.

COMPARISON OF DRUM HOIST AND FRICTION (KOEPE) HOIST SYSTEMS IN MINING SHAFTS
DRUM HOIST SYSTEM FRICTION (KOEPE) HOIST SYSTEM

FRICTION DRIVE PULLEY
-« HEADFRAME SHEAVES KOEPE TOWER ——> E-‘; Bl

Typically single or
double drum, ropes
wind/unwind from
drums. Used for
shallower or multi-level
shafts, and sinking.

Ty{)ically multi-rope, drive
relies on friction between
ropes and puiltay. Used for
deep shafts and high-sped
speed production.

HOIST ROPES

SKIP
(ORE HOIST)

TAIL ROPE
(BALANCE ROPE)

TAIL ROPE
LooP

SERVICE

SHAFT CAGE/KIBBLE

Tylpically multi-rope, drive
relies on friction between
ropes and pulley. Used for
deep shaft and production.

Diagram showing drum hoist and friction hoist systems in shaft operations. Caption: Figure 2.5
Hoisting machines used in shaft operations

2.5.2 Powered supports and arch design

Powered supports are hydraulic or mechanical systems used to stabilise underground
excavations, particularly in areas prone to rock falls. They can be adjusted to fit varying excavation
sizes and provide continuous protection.

Arch design refers.to the use of curved steel or concrete structures to support tunnels and shafts.
The arch shape distributes stress evenly, reducing the risk of collapse. Together, powered supports
and arches ensure that excavations remain stable and safe for workers.

Fill in the blank: Curved steel or concrete structures used to support tunnels are known as
design.
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UNDERGROUND MINE GROUND SUPPORT: POWERED SUPPORTS & STEEL ARCHES

LONGWALL MINING WITH POWERED SUPPORTS DEVELOPMENT DRIFT WITH STEEL ARCHES

POWERED ROOF SUPPORT THRIFTY-SECTION ~ DEVELOPMENT ORIFT ‘ STEEL ARCH

SUPPORT LEGS
"P 7 1 Immediate STEEL ARCHES LAGGING SET

| FISHPLATE
~ CONNECTION
ZJ FISHPLATE |
. CONRECTION

[ LAGGING

Gob/Caved v e — B MESH
Material \ : . s / N\

|
ROCK BOLTS
ROCK

S FACE
CONVEYOR

Image showing powered supports and arch structures in underground mining. Caption: Plate 2.5
Powered supports and arch design in excavation

2.5.3 Nut and bolt supports in excavation

Nut and bolt supports are simple yet effective systems used to reinforce rock walls in
underground excavations. Bolts are drilled into the rock and secured with nuts, creating a
stabilising network that prevents loose rock from falling.

This method is cost-effective and widely used in both shafts and tunnels. It is often combined with
mesh or shotcrete to provide additional reinforcement. Nut and bolt supports are essential for
maintaining safety in areas where rock stability is uncertain.

Fillin the blank: Bolts drilled into rock and secured with nuts are called supports.
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TABLE: NUT AND BOLT SUPPORT SYSTEMS IN MINING (ROCK BOLTS)

1. MECHANICAL ANCHOR
BOLT

%ﬁ Torque applied to nut,
- shell expands, grips

SUPPORT SYSTEM TYPE KEY CHARACTERISTICS INSTALLATION METHOD |  PRIMARY APPLICATION | ApvaNTAGES & LiMiTATIONS
00000 & COMPONENTS (Step-by-step or key action) (Where and when to use) tbie =)
; . Corrosion prone, not
Steel rod, expansion Competent to Immediate support,  suitable for squeezing

shell at end, bearing blocky rock, tension can be Sui ;
- 2 table f
(POINT ANCHOR) % plate, nut h Ml rock temporary support  verified : r‘gu?‘%,ep;’i;ls?o":;z'"g
Requires curing time,
2. RESIN-GROUTED REBAR Steel rebar, resin Rebar spins cartridge, | Medium to good  High load capacity, ~ temperature sensitive resin,
cartridge (catalyst/mastic), mixes resin, cures, rock mass, corrosion protection, Requires curing time,
(FULLY ENCAPSULATED) bearing plate, nut bonds to rock permanent support full encapsulation  temperature sensitive resin,
less immediate
Driven into Immediate support,  LoWer capacity than rebar,
3. FRICTION STABILIZER ?In(mﬁgnsl:e{)tel;l:ier{ undersized hole, Blocky, fractured  simple installation, ~ Susceptible to corrosion,
(SPLIT SET) " % e, g tube compresses, rock, rapid advance yields with rock hard to verify to corrosion,
plate exerts radial force movement hard to verify tension
High-tensile steel i : . ; ;
Insert cable, pump | High stress areas,  very high capacity, ~ Complex installation,
4. ?IS\BSLSEI\II;S/ECTIVE) zgfr:?;ze::dm eg;?]léth o u grout from bottom up | large excavations, - fiexible, can be requires grout quality
el E y (or pre-grouted) long-term tensioned control, high cost

reinforcement

5. SELF-DRILLING
ANCHOR (SDA)

Hollow steel bar,
sacrificial drill bit,

E‘ g[g - coupler, nut, bearing plate

Drill hole with SDA,

inject grout through
hollow bar, leave bar
in place

Poor or difficult

ractured rock),
forepoling

No pre-drilling needed,
round (e.g., gravel, acts as drill rod and
bolt, simultaneous
drilling and grouting

Expensive, requires
specialized equipment,
lower ultimate capacity

*Note: This table provides a general summary. Always consult site-specific geotechnical data and manufacturer guidelines.*

Box 2.3: Nut and bolt support systems in underground excavation

Pilot questions 2.5

1. What are hoisting machines used for in shaft operations?

2. Name two types of hoisting machines.

3. Whatis the purposeof powered supports in underground mining?

4. Why is arch design effective in supporting tunnels?

5. How do nut and bolt supports reinforce underground excavations?

Series Summary

This'Series has focused on shafts and excavation techniques, which are essential for accessing
and developing underground mines. We began by examining the design and construction of shafts,
including their types, site investigations, and construction phases. Then we explored methods of
shaft sinking such as the bench method, Jora lift method, and drilling and blasting parameters.
Following that, we studied the excavation of winzes and raises, looking at their definitions,
techniques, and safety considerations. We continued with tunnel, drift, and adit design,
highlighting their functions, tunnelling methods, and cost optimisation. Finally, we concluded with
hoisting machines and support systems, covering powered supports, arch design, and nut and bolt

reinforcement.
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By completing this Series, you should now be able to describe shaft types and construction
phases, analyse shaft sinking methods, explain winze and raise excavation techniques, design
tunnels and adits, and evaluate hoisting machines and support systems. These achievements
directly align with the Series Learning Outcomes (SLOs) and prepare you for more advanced
aspects of underground mine development.

Glossary of Terms

e Adit: A horizontal opening driven from the surface into a hillside to access underground
workings.

¢ Arch design: Curved steel or concrete structures used to support tunnels and shafts by
evenly distributing stress.

¢ Bench method: A shaft sinking technique where excavation is carried out in successive
horizontal layers.

o Drift: A horizontal passage that follows the vein or ore body.

o Hoisting machines: Mechanical systems used to'lift ore, equipment, and personnel
through shafts.

o Jora lift method: A shaft sinking technique using a rope and bucket system to remove
excavated material.

e Nut and bolt supports: Reinforcement systems where bolts are drilled into rock and
secured with nuts to stabilise excavations.

e Raise: An upward excavation driven to connect with a higher level in a mine.

e Tunnel boring machine (TBM): A mechanised device that continuously cuts through rock
to create tunnels.

¢ Winze: A downward excavation driven from an existing level to connect with a lower level.
Concept Check Questions [Series 2]
Objective questions
1. Defineawinze. (Linked to SLO 2.3)
2. Whatis the bench method of shaft sinking? (Linked to SLO 2.2)
3. Name one function of an adit. (Linked to SLO 2.4)
4. Which support system uses bolts drilled into rock? (Linked to SLO 2.5)
Short-answer questions
5. Explain why site investigation is important before shaft construction. (Linked to SLO 2.1)
6. State one advantage of the Jora lift method. (Linked to SLO 2.2)
P
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7. Describe one safety measure in winze and raise construction. (Linked to SLO 2.3)
Long-answer questions

8. Analyse the methods of tunnelling, comparing TBMs with drilling and blasting in terms of
cost, efficiency, and safety. (Linked to SLO 2.4)

o Basic response: Learners should compare TBMs as efficient but costly, and
drilling/blasting as flexible but slower.

o Value-added response: Outstanding learners may also discuss environmental
impact, long-term maintenance, and suitability for different geological conditions.

9. Evaluate the role of hoisting machines and support systems in underground excavation,
providing examples of their applications. (Linked to SLO 2.5)

o Basicresponse: Learners should mention drum hoists, friction hoists, powered
supports, and nut and bolt systems.

o Value-added response: Outstanding learners may also discuss integration with
modern automation, safety monitoring, and cost optimisation.

Answers to Concept Check Questions [Series 2]

1. Awinze is a downward excavation driven from an existing level to connect with a lower
level.

2. The bench method involves excavating shafts in successive horizontal layers.
3. An adit provides natural drainage and ventilation.

4. Nutand bolt supports.

5. Site investigation ensures stable ground conditions and reduces risks.

6. TheJoralift method is cost-effective and simple.

7. Ensuringproper ventilation is a key safety measure.

8. TBMs are efficient and produce smooth tunnels but are costly, while drilling and blasting is
cheaperand flexible but slower. Advanced responses may include environmental and
geological considerations.

9. Hoisting machines transport ore and personnel, while support systems stabilise
excavations. Advanced responses may include automation and monitoring technologies.

Answers to Pilot Questions [Series 2]
e Shafts are vertical or inclined passages that provide access, ventilation, and haulage.
¢ Typesinclude vertical shafts and inclined shafts.

-
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¢ Site investigation assesses ground conditions before construction.
¢ Lining installation involves placing concrete or steel supports.
e Proper site preparation reduces risks and costs.
e The bench method excavates in successive benches.
e Advantage: Controlled progress and flexibility.
e Joraliftuses arope and bucket system.
e |tisless suitable for deep shafts due to inefficiency.
¢ Parameters include hole diameter and spacing.
e Awinzeis downward; a raise is upward.
e Avraise improves airflow or creates ore passes.
e Raise boring uses a pilot hole and reaming head.
e Alimakraising is used for medium-sized raises.
e Safety measure: Proper ventilation.
e Atunnelis horizontal, a drift follows ore, and an adit opens from the surface.
e An adit provides natural drainage.
e TBMs are used for mechanised tunnelling.
¢ Dirilling and blasting may be chosen for flexibility.
e Safety measure: Dust suppression.
e Hoisting machines lift ore and personnel.
e Typeslinclude drum hoists and friction hoists.
o Powered supports stabilise excavations.
¢ Arch design distributes stress evenly.
o Nutand bolt supports reinforce rock walls.
References and Attributions [Series 2]

o Figure 2.1 Types of shafts and their functions: Suggested Al prompt “Diagram of vertical and
inclined mine shafts with labelled functions”.

o Plate 2.1 Shaft site investigation and preparation: Suggested Al prompt “Image of mining
engineers conducting shaft site investigation with drilling rigs”.

-
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e Table 2.1 Phases of shaft construction: Suggested Al prompt “Table summarising phases of
shaft construction and activities”.

e Figure 2.2 Bench method of shaft sinking: Suggested Al prompt “Diagram illustrating bench
method of shaft sinking with benches labelled”.

e Plate 2.2 Jora lift method: Suggested Al prompt “Image of miners using Jora lift method with
rope and bucket”.

e Table 2.2 Drilling and blasting parameters: Suggested Al prompt “Table summarising
drilling and blasting parameters in shaft sinking”.

e Figure 2.3 Winze and raise excavations: Suggested Al prompt “Diagram illustrating winze
and raise excavations in underground mines”.

o Plate 2.3 Raise boring technique: Suggested Al prompt “Image of raise boring equipment
used in underground mining”.

e Box 2.1 Safety measures in winze and raise construction: Suggested Al prompt “Table
summarising safety measures in winze and raise construction”:

e Figure 2.4 Tunnel, drift, and adit layouts: Suggested Al prompt “Diagram illustrating tunnel,
drift, and adit layouts in underground mining”.

e Plate 2.4 Tunnel boring machine: Suggested Al prompt “Image of tunnel boring machine
used in mining”.

e Box 2.2 Costoptimisation and safety measures: Suggested Al prompt “Table summarising
cost optimisation and safety measures in tunnelling”.

e Figure 2.5 Hoisting machines: Suggested Al prompt “Diagram of drum hoist and friction
hoist systems in mining shafts”.

e Plate 2.5 Powered supports and arch design: Suggested Al prompt “Image of powered
supports and arch structures in underground mining”.

e Box2.3 Nut andbolt supports: Suggested Al prompt “Table summarising nut and bolt
support systems in mining”.

¢ Open Educational Resource (OER) search strings were provided for each illustration to
encourage sourcing from freely available educational materials.

Series 3: Tunnelling, Drilling, and Blasting

-
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Series Outline

e 3.1 Principles of tunnelling
o 3.1.1 Definition and scope of tunnelling in mining
o 3.1.2Types of tunnels and their applications
o 3.1.3 Factors influencing tunnelling design

e 3.2 Drilling techniques in underground mining
o 3.2.1 Types of drilling equipment
o 3.2.2 Drilling patterns and parameters
o 3.2.3 Safety considerations in drilling

¢ 3.3 Blasting methods and design
o 3.3.1 Principles of rock blasting
o 3.3.2 Explosives used in underground mining
o 3.3.3 Blastdesign and control measures

e 3.4 Integration of tunnelling, drilling, and blasting
o 3.4.1 Sequential planning of excavation activities
o 3.4.2 Optimisation of cost and efficiency

o 3.4.3 Environmental and safety management

Introduction

Tunnelling, drilling, and blasting are at the heart of underground mine development. These
processes enable accessto ore bodies, create haulage routes, and ensure efficient excavation of
rock. This Series will guide you through the principles and techniques involved, from the design of
tunnels to the use of drilling equipment and the application of explosives. By mastering these
topics, you will gain the ability to plan and execute excavation activities safely, economically, and
effectively.

The aim of this Series is to provide you with a clear understanding of how tunnelling, drilling, and
blasting are integrated in underground mining. You will learn the engineering principles, equipment
choices, and safety measures that underpin these operations, while also considering cost
optimisation and environmental management.

We shall begin by exploring the principles of tunnelling, including types, applications, and design

factors. Next, we will examine drilling techniques, focusing on equipment, patterns, and safety.
Following that, we will study blasting methods, explosives, and blast design. Finally, we will
P
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conclude with the integration of tunnelling, drilling, and blasting, highlighting sequential planning,
efficiency, and environmental considerations.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 3.1 describe the principles of tunnelling and explain factors influencing tunnel design,

e SLO 3.2 analyse drilling techniques, equipment, and safety considerations in underground
mining,

e SLO 3.3 explain blasting methods, explosives, and blast design parameters,

e SLO 3.4 evaluate the integration of tunnelling, drilling, and blasting with respectto cost,
efficiency, and environmental management.

3.1 Principles Of Tunnelling
3.1.1 Definition and scope of tunnelling in mining

Tunnelling in mining refers to the creation of horizontal.or near-horizontal passages through rock
to access ore bodies, facilitate haulage, or improve ventilation. It is a fundamental excavation
process that supports the overall mine layout and ensures efficient movement of materials and
personnel.

The scope of tunnelling extends beyond ore access, as it also includes exploration drives, drainage
tunnels, and service routes. Effective tunnelling design ensures safety, cost efficiency, and long-
term stability.

Fillin the blank: Tunnelling in mining involves creating passages through rock to access ore
bodies.

-
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MULTIFUNCTIONAL SCOPE OF TUNNELLING IN MINING: HAULAGE, VENTILATION, AND DRAINAGE

HAULAGE ZONE ADDITIONAL SYSTEMS
SuU

ELECTRICAL &
GROUND SUPPORT
COMMUNICATION CABLES (ROCK BOLTS & MESH)
Sandstone 2 i

|\ GROUND SUPPORT
INSTALLATION

PUMP STATION
& SUMP

WATER FLOW
DIRECTION

GROUNDWATER
SEEPAGE

JER
I Fresh Air ~ [B Exhaust Air [ Ore [ Water [ Equipment | Mulec

EDUCATION

Diagram showing a mining tunnel with labelled functions (haulage, ventilation, drainage). Caption:
Figure 3.1 Scope of tunnelling in mining

3.1.2 Types of tunnels and their applications
There are several types of tunnels used in mining, each serving specific purposes:
o Haulage tunnels: Usedfor transporting ore and waste rock.
¢ Ventilation tunnels: Provide airflow to underground workings.
¢ Drainage tunnels: Remove water inflows from mine workings.
¢ Explorationtunnels: Driven to investigate ore bodies and geological structures.

The choice of tunnel type.depends on the mine’s objectives and geological conditions. For
example, drainage tunnels are critical in waterlogged areas, while haulage tunnels are essential in
large-scale ore extraction.

Fill in the blank: Tunnels driven to investigate ore bodies and geological structures are called
tunnels.
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UNDERGROUND MINING TUNNEL SYSTEMS & OPERATIONS
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DRAINAGE AND WATER CONTROL

Image showing different types of mining tunnels (haulage, ventilation, drainage). Caption: Plate 3.1
Types of mining tunnels

3.1.3 Factors influencing tunnelling design
Several factors influence tunnelling design in mining:
¢ Geological conditions: Rock strength, fault zones, and water inflows.
o Purpose of the tunnel: Haulage, ventilation, drainage, or exploration.
o Safety requirements: Ventilation, support systems, and emergency exits.
o Economic considerations: Cost of excavation, equipment, and time efficiency.

Designh must balance these factors to ensure that tunnels are safe, functional, and cost-effective.
For instance, weak rockformations may require reinforced supports, while high water inflows
demand drainage systems.

Fill in the blank: Weak rock formations in tunnelling often require reinforced to ensure
stability.
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FACTORS INFLUENCING TUNNELLING DESIGN IN MINING

SUMMARY OF FACTORS INFLUENCING MINING TUNNEL DESIGN . OVERBURDEN STRESS & TUNNEL DEPTH WATER TABLE & DRAINAGE
FACTOR KEY DESIGN MINING IMPACT &  DESIGN TOOLS &
CATEGORY PARAMETERS APPLICATIONS CRITERIA
* Rock Type * Access Type * Core Logging
3 + Discontinuities + Alignment + Geophysical Surveys
3 ﬁ + Orebody Geometry | * Stability =
g )
* RMR/Q-System [~ | + Ground Support Selection| « NATM
+UCs ucs | | + Stand-up Time lmmln | » Numerical Modeling
P g Lt = |
+Overburden 555 ol2—
= [Z | =
- 7

+ Depth * Support Timing « Stress Measurements

o « Tectonic Stress * Rock Burst Mitigation |+ Modeling | Modeling
4 :- » Stress Redistribution M

s

« Water Table * Drainage Capacity « Pumping Tests
o ‘— * Permeability / * Water Control « Grouting Plan
+ Pore Pressure o)

-0

+ Construction Cost + Shaft vs. Ramp « Life-of-Mine Plan

§ * Haul Distances « Inter-level D|sime PV /
Cy + Production Raleé « Life Span T 0 II e

* Ventilation Need + Tunnel Shape/Size * Mine Inter-level Distance
\ + Equipment Type « Service Access .
PERATIONAL | + Safety Regulations

Box 3.1: Key factors influencing tunnelling design

| Hv0sEELOGICAL | IH-STTU STRESS | GEDVEEHWIGAL |
s
=
By

Pilot questions 3.1
1. Whatis tunnelling in mining?
2. Name two functions of mining tunnels.
3. Whattype of tunnel is used to remove water inflows?
4. State one factorthatinfluences tunnelling design.

5. Why are reinforced supports important in tunnelling?

3.2 Drilling Techniques In Underground Mining
3.2:1 Types of drilling equipment

Drilling equipment is used to create holes in rock for blasting, exploration, or support installation.
Common types include:

o | Jackhammers: Portable tools for small-scale drilling.

e Drilljumbos: Large machines with multiple booms, used for tunnelling and production
drilling.

o Rotarydrills: Machines that cut rock using rotating bits, suitable for hard formations.

o Percussive drills: EQuipment that breaks rock by repeated hammering action.
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The choice of equipment depends on rock hardness, tunnel size, and the purpose of drilling.

Fillin the blank: Large machines with multiple booms used for tunnelling are called drill

OER TYPES OF DRILLING EQUIPMENT IN UNDERGROUND MINING

1. JACKHAMMER DRILL (HANDHELD PERCUSSIVE) 2. DRILL JUMBO (MECHANIZED DRILL RIG)
" Operator Articulated Pr—

(Human) " ; By ; 7 < / Booms (x2) %

Feed Slide

Drill Face Coverage

Percussive
Force 4, - 5
LESS Drill String

Rotational Motion ™
(from operator)

. Carrier

UNDERGROUND DRILLING APPLICATIONS
. i (Mobile Platform)

4. PERCUSSIVE DRILL (DTH & TOP HAMMER)

TOP HAMMER
(e.g., surface crawler-mounted)
Hammer

Mechanism < Mechanism :f_f:g“!f;"’"s Meg\an)ism
op)

i - Mobiltl S
ROTARY ACTION _ Mobilty < Mobility " 200 e Diill String
Bi C t « Drill String THE-
(Roller Cone/PDC)  Section 2] Scale - Drilling Mud/flush DOWN-THE-HOLE (DTH)

Drill

g Bt

O Foeh T Pros/Cons . LR, TOP HAMMER
i « Pros/Cons reference (e.9., surface crawler

Application ication ~ * Hole cove
(Holepgiameier) nc:emmm, + Of Diameter/Depth

+ Hole Diameter

Air/Fluid Path~ &

Diagram showing jackhammer, drill jumbo, rotary drill, and percussive drill. Caption: Figure 3.2
Types of drilling equipment in underground mining

3.2.2 Drilling patterns and parameters

Drilling patterns refer to the arrangement of holes drilled in rock to achieve efficient blasting.
Common patterns‘include parallel holes, fan-shaped holes, and ring patterns. The choice of
pattern depends ontunnel geometry and blasting objectives.

Parameters such as hole diameter, depth, spacing, and angle are critical for effective rock
breakage. Proper design ensures minimal overbreak, controlled fragmentation, and reduced costs.

Fill in the blank: The arrangement of holes drilled in rock for blasting is called a drilling
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UNDERGROUND MINING DRILLING PATTERNS (PARALLEL, FAN-SHAPED, RING).

1. PARALLEL DRILLING PATTERNS 2. FAN-SHAPED DRILLING PATTERNS
Blastholes are drilled in tunnel drilling straight Holes are drilled from a single point or drift,

of the face. fanning out to cover, large vertical area.
~/ 77 (PARALLEL) — SIDE CROSS-SECTION
TUNNEL FACE - A\ e h— ;gcr ORE || ( oRe

(1 PLAN (TOP) VIEW

FACE ——JC1 =

——3' Y DIRECTION

R «/ OF ADVANCE _ _
=" ir 1 - SUBLEVEL
e ')T\—/r—ﬂj; DRILL JUMBO -DRILLINGDRIFT || FAN-SHAPED HOLES
ROUND LENGTH 7\ SIDE CROSS-SECTION ~ FRONT CROSS-SECTION
Blastholes are drilled in parallel lines, typically Holes are drilled from a single point or drift,
in drifting, to break rock ahead of the face. fanning out to cover a large vertical area of ore.

3. RING DRILLING PATTERNS (FULL CIRCLE)
Large-scale longhole stoping (e.g., sublevel caving, sublevel open stoping).

RING DRILLING
MULTIPLE RINGS RING
DRILLING BLASTHOLES

CAVED
ORE

BURDEN ‘
(between rings)
SPACING

> (between holes)

(LONGHOLE)

PRODUCTION \PRODUCTION
DRIFT DRIFT

Complete circular rings are drilled
to prepare entire blocks of rock,
especially for caving methods.

Image showing drilling patterns in underground mining (parallel, fan-shaped, ring). Caption: Plate
3.2 Drilling patterns in underground mining

DRILLING
DRIFTS

3.2.3 Safety considerations in drilling

Safety in drilling operations is essential to protect workers from hazards such as dust, noise, and
equipment accidents. Key safety measures include:

e Using dust suppression systems to reduce inhalation risks.

-
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¢ Wearing personal protective equipment (PPE) such as helmets, ear protection, and
respirators.

o Ensuring proper training for operators.
o Regular maintenance of drilling equipment to prevent malfunctions.
Fillin the blank: One key safety measure in drilling operations is the use of dust systems.

SAFE UNDERGROUND MINING DRILLING OPERATIONS: A COMPREHENSIVE GUIDE

SUMMARY TABLE OF SAFETY MEASURES OLDIPRMET‘ICES RAT; MODERN SAFE W:Eskggrclvﬂs CORE LOGGING & SAFETY
SPECIFIC SAFETY HAZARD OPERATIONAL OER v 4 : = DRILLING o o= _PPECHART
CATEGORY | MEASURES & BEST | MAZARD | “IMPACT& | APPLICATIONS  — HE=
PRACTICES OER VALUE ) N — 9l==
| o |-Predilsiveys [ Gound e preventionof | « Triningon e a—
ﬁ o Instalition | fall of ground, | RMR/Q-system —
S | * Ground Support collapse : o INTEGRATED GROUND
GEOLOGICAL | Installation /e * Mapping T o A WATER SPRAY VENTILATION SUPPORT
BCROUND. | . Borehole Stabiy irkas £ i Nl FLO GuARDED | , PATTERN
; : 3¢ Borehole MOVING
: Stabiity RODHANDUING  pARTS
Ut * Guarding B m: . Ptmioﬂof * Checklists
SN\ s ent; lement,
}i& * Remote Controls & A crushing « Machine
EQUIPMENT & | + Automated Rod Rod Handli operation
MECHANICAL | Handing g D
+ Inspections At
« Water for Dust Water for » Silicosis * Air monitaring
Suppression Prevention prevention pratocals
o | venuiation ) Ventilation |+ N'e:vr:‘mml:ss + PPE charts
rvemETAL| » PPE (Hearing/Resp.) | (& Prevention £
* Spill Containment | (@) Containment
« Training & Dust « Humanermror | « Case studies
E/, Certification Cortmuation | reduction
« Pre-Shift Meetings @:e-smﬂ v Pm::':d . . ”s?f.:tcy h::&c!dum
PROCEOURAL & event unin
OPERATIONAL | * lockouttagout & Meeting start-up
* Clear Communication % Commurtion
. ;ie s\u;pression 6 Fire . geémseto . mm
rsw' e N
. exitarils | A\ . + Dri schedules o
« First aid hits ) First aid 7 T
GROUND s =~
Refuge chambers | [£3] Chamber OLD PRACTICES MODERN SAFE SUPPORT  5uppRGSION  GREAN LOGGRY EMERGENCY
(unsafe) DRILLING PATTERN PPE MENT REFUGE STATION

Box 3.2: Safety measures in drilling operations

Pilot questions 3.2
1. Name two types of drilling equipment used in underground mining.
2. Whatis the purpose of drilling patterns?
3./ State one parameter that influences drilling effectiveness.
4. Why is PPE important in drilling operations?

5. Give one example of a safety measure in drilling.

3.3 Blasting Methods And Design
3.3.1 Principles of rock blasting

Blasting is the controlled use of explosives to fracture and displace rock in underground mining.
The principle involves drilling holes, charging them with explosives, and detonating to break rock
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into manageable fragments. Effective blasting ensures efficient excavation, minimises overbreak,
and reduces vibration impacts on surrounding structures.

The success of blasting depends on proper design of drilling patterns, choice of explosives, and
timing of detonation. Controlled blasting techniques are used to maintain tunnel stability and
protect workers.

Fillin the blank: The controlled use of explosives to fracture rock is called

UNDERGROUND MINING ROCK BLASTING: PRINCIPLES & SEQUENCE OER
1. PRE-DRILLED 2. DRILLING OPERATIONS 3. CHARGING EXPLOSIVES ¢

FACE MAP & PLAN  (with € referencing parallel pattern) & INITIATION SYSTEM
P T UNDERGROUND FACE TYPICAL LOADED | DETONATION SYSTEM
B . BLASTHOLE (NONEL - Non-Electri)
e
—— - DETONATOR
S e 1l /&1l (NONEL/ \
%‘:7‘9—}{'4 —> /18 [(* ELECTRONIC)
||| JII= WATER-GEL/
000O0O0O0OO / ) EMULSION
©Oo0o0o0000 i\ EXPLOSIVE
Seleois vie s ) G e iy
cooooooe | Cpm<UNDERGROUND FACE =
e 00 .00 (referencing the scale and ||~ STEMMING
0000000 tunnel structure of <IMG>) (=
FACE VIEW Examate starteroland Zoom TYPICAL LOADED DETONATION SYSTEM
(Paralle! Pattern - referencing 3) for accurate drilling. BLASTHOLE

4, DETONATION -

v
DETONATION SEQUENCE & CRATER DEVELOPMENT

I (NONEL - Non-Electric)

DETONATION STAGES:

STRESS WAVES
~/_ (diagrammatic)

PRE DETONATION

SEQUENCE
: ARROW
DRILL JUMBO
DRILL BIT ®™ HOLE
SENSING
T
7 POST—FRAGMENTATION
(referencing broken rock
on floor of <IMAG>).
DETONATION Vo

SEQUENCE & __ FRAGMENTATION RESULT

DELAYS (MS) CRATER DEVELOPMENT A J‘ﬁ‘
KEY EXPLOSIVES CHARACTERISTICS vs. ROCK BREAKAGE MECHANISMS VS ‘

Putstersives <Full lender Molting apnraped croter scale clovet \ ’ w
Coolaboratics Firsitunnative Coofing breakagoplosives % POOR
Characteratics =50% Rock breakage mechanism OPTIMAL FRAGMENTATION

Diagram showing drilling holes, charging with explosives, and blasting sequence. Caption: Figure
3.3 Principles of rock blasting
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3.3.2 Explosives used in underground mining

Explosives are the key materials in blasting operations. Common types include:

¢ ANFO (Ammonium Nitrate Fuel Oil): Widely used, cost-effective, and suitable for dry

conditions.

¢ Emulsion explosives: Water-resistant and stable, ideal for wet environments.

¢ Dynamite: Powerful but less commonly used today due to safety concerns.

e Slurry explosives: Semi-liquid, adaptable to varying conditions.

The choice of explosive depends on rock type, water presence, and desired fragmentation.

Fill in the blank: ANFO stands for Ammonium Nitrate Oil.

TYPES OF EXPLOSIVES IN UNDERGROUND MINING

ANFO (Ammonium Nitrate/Fuel Oil)

TS oRd
~ PRILLED PRODUCT -
CROSS-SECTION

(Parous)

FO
COATING |

EXPLOSION
BY-PRODUCTS:
GASES & ENERGY

Economical, Bulk Loading, for dry
conditions.
Application: Bulk stoping, drifting.

EMULSION EXPLOSIVES

Puddle-pumping, high water resistance,

variable density.

Application: Long-hole stoping, wet

ground, small diameter holes.

DYNAMITE (NG & NG-based)

@TONMOR
CAP
CARTRIDGE STRUCTURE -

1 NG ABSORBENT 2 MANUAL LOADING

i {wood meal) /‘ | »

NG |
SENSITIZER|
WAX PAPER
SHEATH |

N

SLURRY/WATER-GEL EXPLOSIVES

/
SLURRY CROSS-SECTION

OXIDIZER

CROSS-LINKED
Gelling Agent

Sy FUEL
SENSITIZER

KEY PROPERTIES & CHARACTERISTICS

State | Ammonium | Emulsion  Dynamite |
Density | 17Wm' | 152km' | NNFG
Sensitivit High High High

Water Resistance | Uemssity | Water | Senshity

Bulk stoping | wet ground | small Gameter

Cartridge form, high sensitivity,
water resistant (NG).

primers, non-electric iniiation.

 Density | o2t
_ Sensitivity High |
Water Resistance  Large dlameter Wet diiameter

Application | noles, vet and rugged conditians, costettect ve |

Saused/packaged form, lower NG content,
safe handling, variable consistency.
Application: Large diameter holes, wet and
rugged conditions, cost-effective.

I;nage showing different types of explosives used in underground mmihg. Caption: Plate 3.3
Explosives usedin underground mining

3.3.3 Blast design and control measures

Blast design involves planning the number, depth, and arrangement of holes, as well as the type
and quantity of explosives. Proper design ensures efficient rock breakage, controlled
fragmentation, and minimal damage to surrounding structures.
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Control measures include timing of detonations (using delay detonators), monitoring vibration
levels, and ensuring safe evacuation of personnel. Controlled blasting techniques such as cushion
blasting and pre-splitting are used to protect tunnel walls and maintain stability.

Fillin the blank: The use of delay detonators in blasting helps control the timing of

TABLE SUMMARISING BLAST DESIGN PARAMETERS AND CONTROL MEASURES.
BLAST DESIGN PARAMETERS CONTROL MEASURES & MONITORING
PARAMETER SPECIFIC DESIGN CRITERIA |  ILLUSTRATION/DIAGRAM CONTROL CONTROL | SPECIFIC CONTROL| MONITORING | OER APPLICATIONS
GROUP PARAMETERS & EFFECTS (Linked) AREA MEASURES | TECHNIQUES (Linked)
Rock Type => Fragmentation * Rock Bolts =>Extensometers
GROUND Prevent fall 5
GEOLOGICAL | Structures => Stability PS_UPEOF!%Tt * Shotcrete | ground =>Pull tests
rior & Pos
Pore Pressure |=> Stability ) \ ( ) * Mesh =>Pull tests
DRILLING | Burden => Rock displacement %’M ==\ VIBRATION | AirBlast | Delay timing |=>Geophones
(TTERN | Spacing | = Fiyrock 2N, < ETOER N .« Selsmic. | Bufer blasting |- Selsmographs Vibrationes
and connectin i e
from<IMAGEog) Angle Link the specific drift scale S < 8 Pre-splitting | =>Vievophone m
and profin scale of <IMAGE 0) = g = OFR:(ElText JBxsimulation  (@uCasestudy @Interactive |
Ee)f(ﬂ??r:: 33&% = Energy output —| @€ anro %%‘élssm{ i Blasting mats |=> Pre-post vide
CHARGE i = Vibra ' v FLYROCK | FLYROCK ~ > Air samplin
coNFiGURATION | =" YaNahch f &DUST | &DUST |Stemming okl
(<IMAGE 1) | Detonator Dynanite (Prior & Post) |(Prior & Post) | 0N v
Stemming ‘/N Water sprays
=> Sequence control Ventilation = Ai i M
Delay System (ref. s<IMAGE 1) : L Refuge re-entry time Airquality (|2 £
INITIATION ibrati p—— =>Personnel N~
e e ™ Fcion -5 C— | P - Response. Escape routes | - tracking R
4 \17/ A -
o => Data timing — M Ventilation | Refuge => Ventilation %
Firing Pattern |~ cequences parsie soals of (i EFRGTBREE| chambers airow after blast || = |

Box 3.3: Blast design parameters and control measures

Pilot questions 3.3
1. What s blasting in underground mining?
2. Name two types of explosives used in blasting.
3. What does ANFO stand for?
4. Why are delay detonators used in blasting?

5. State one control measure in blast design.

3.4 Integration Of Tunnelling, Drilling, And Blasting
3.4.1 Sequential planning of excavation activities

Integration of tunnelling, drilling, and blasting requires careful sequential planning. Tunnelling
provides the access routes, drilling prepares the rock for blasting, and blasting achieves the actual
breakage. Each activity must be coordinated to avoid delays and ensure safety. For example,
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drilling patterns must align with tunnel geometry, and blasting schedules must be timed to

minimise disruption.

Fillin the blank: The process of coordinating tunnelling, drilling, and blasting is known as

sequential

SEQUENTIAL PLANNING: INTEGRATED TUNNELLING DRILLING BLASTING SEQUENCE (OER)

STAGE 1: PLAN & ACCESS 2. DRILLING OPERATIONS
1. PRE-DRILLED FACE MAP & PLAN & EQUIPMENT
(Referencing and expanding upon <IMAGE 0) (Referencing <IMAGE 2>, <IMAGE 3>, and <IMAGE 0)

UNDERGRO! E DRILL JUMBO
(MECHANIZED DRILL RIG)

GEOLOGICAL &
GEOTECHNICAL DATA
*Rock Type
* Structures
« Stability
* Pore Pressure S

BLAST DESIGN
ETERS

(Scale from <IMAGE 25)

JACKHAMMER DRILL
(HANDHELD PERCUSSIVE)

TIMING SEQUENCE (ms)
Bioration o

féores

Delays

BLASTHOLE PATTERN
(referencing <IMAGE 2>)

3
e L

100 200 300 400 S00 600 700

DRILL STRING &
FEED SLIDE

3. CHARGING EX

PLOSIVES

& INITIATION SYSTEM

(Referencing <IMAGE 4>, sicale and <IMAGE 0)

TYPICAL LOADED
LASTHOLE

TYPICAL LOADED
BLASTHOLE

- DETONATOR SYSTEMS:

(NONEL vs. ELECTRONIC)

EMULSION
EXPLOSIVES

£

OR

DYNAMITE
(NG)

MANUAL
LOADING

ANFO (GE
10 Bulk)

VENTILATION
PRIOR TO BLAST

BULK
LOADING

PROCESS INTEGRATION DIAGRAM

3.4.2 Optimisation.of cost and efficiency

STAGE 4: ADVANCE & COMPLETE
4. DETONATION, FRAGMENTATION

(Referencir E 0, IMAGE
& VENTILATION "7 o ke
DETONATION SEQUENCE & CRATER DEVELOPNENT [DETONATION STAGES: |

~ STAGE 4: ADVANCE & COMPLETE
Dlagram showmg sequentlal planning of tunnelling, drilling, and blasting actlvmes Caption: Figure
3.4 Sequential planning of excavation activities

Cost optimisation involves selecting methods and equipment that balance productivity with
affordability. Forinstance, tunnel boring machines may reduce labour costs but require high
capital investment, while drilling and blasting may be cheaper initially but slower in progress.
Efficiency is achieved by minimising overbreak, reducing downtime, and ensuring smooth

coordination between activities.

Fillin the blank: Minimising unnecessary rock breakage during blasting is known as reducing
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OER (Open Educational) STRATEGIES FOR TUNNELLING BLASTING IN MINING

COST-OPTIMISATED PROCESS FLOW: PLANNING TO EXECUTION COMPARATIVE ANALYSES & CONTROL MEASURES
ROCKMASS (R 205 STEP 1- BLAST DESIGN SIMULATION BLAST DESIGN OPTIMISATION MATRIX
GEOLOGICAL & GEOTECHNICAL| |, PARAMETERS PARAMETER | Ref. | CONVENTIONAL |  OPTIMISED
DATA ANALYSIS g 9Y0) GROUP —
‘ e ?l%mesms L DRILLING Burden |[= e ‘
COST DATA STEP 2: =) (@) M) (| _PATTERN i |
FEEDBACK ITERATIVE BLAST DESIGN K = (Ref. IMAGEC>) | Spacing | SeSs S
DRILL BLASTHOLE ASIATION RN DV"‘M"EI CRIRIP RN COSTPERTONNE | ENERGY OUTPUT
RIG (tMacE {<IMAGE 52) l l
Y || | ExeLosives | - a0 E
LN
(specific drlling patter of <IMAGE 0) AN UEMRSKNOYNUNTE: [ AHTD ML OYNANTE
~>| CONTROL MEASURES & MONITORING (Ref. <IMAGE 2>, <IMAGE 35)

COST DATA ‘

FEEDBACK STEP 4: POST-BLAST

l SUPPORT | 'GSHOLK | '8DUST | RESPONSE
PERFORMANCE

MONITORING & ASSESSMENT FEEDBACK \ A | o
r g A —
PERFORMANCE FEEDBACK ——eeeeeeeoooo o S sy Ll
{ 1
ECONOMIC EVALUATION MODULE an Mesn | Geohones W | WeterSray () | Refuge chamber
CONVENTIONAL OPTIMISED . e Y
COST  ["DRILLING |EXPLOSIVES| SUPPORT | HAULAGE |VENTILATION] LABOR | SAFETY = \7."45 1

cgm&’gy CONVENTIONEL] 0.0 40 38 40 38 2.5 M

QRTMSED L) 25 = il 82 = DRILLRIG auson.z FRAGMENTATION PUMPING STATION
[ Text (@ Video | Simulation | [2 Case study Text text text 2.7 Case study (IMAGE 45) (<IMAGE 55) (<IMAGE 55) (<IMAGE &)

Image showing cost optimisation strategies in tunnelling and blasting. Caption: Plate 3.4 Cost
optimisation in tunnelling and blasting

3.4.3 Environmental and safety management

Environmental and safety management ensures that tunnelling, drilling, and blasting are
conducted responsibly. Dust suppression, vibration control, and noise reduction are critical
environmental measures. Safety management includes proper ventilation, use of PPE, and strict
adherence to blasting protocols. Integration of these measures protects workers and reduces
environmental impact.

Fillin the blank: One environmental measure in blasting operations is suppression.
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ENVIRONMENTAL & SAFETY MANAGEMENT IN TUNNELLING, DRILLING & BLASTING: AN OER GUIDE

ENVIRONMENTAL MANAGEMENT MEASURES SAFETY MANAGEMENT MEASURES
POTENTIAL | MANAGEMENT MEASURES | MONITORING OER KEY HAZARDS MANAGEMENT MEASURES | TRAINING & OER
IMPACTS & CONTROLS & MITIGATION |RESOURCES & CONTROLS EMERGENCY |RESOURCES
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(ref. <IMAGE 15) | (ref. <IMAGE 1>) | ~(refer. < <IMAGE 1) 58 Tool (tef. <5, <IMAGE7) | <MAGE3>) | (ref. IMAGEQ) | (<IMAGE?>) | g 1001
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(1ef. IMAGE25) | ref <IMAGE 35) | ("°fe" < <IMAGEE) 4|5 Tool (fef. <IMAGE 1>) |<IMAGE1>) | (ref. <IMAGE 1>) |" (jmage75) | 9€ Tool
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GEOTECNIICAL DATA (Linked to Environmental table, Row 2) (Linked to Safety table, Row 1)

(reference the scale and
context of <IMAGE 1>)

Bl Text 5 Video Sismulation ¥ Tool  STAGE 4: ADVANCE & COMPLETE
Box 3.4: Environmental and safety management in tunnelling; drilling, and blasting

Pilot questions 3.4
1. What does sequential planning in excavation activities involve?
2. Why is cost optimisation important in tunnelling and blasting?
3. Whatis meant by reducing overbreak in blasting?
4. State one environmental measure in blasting operations.

5. Give one example of a safety management practice in tunnelling.

Series Summary

This'Series has explored the interconnected processes of tunnelling, drilling, and blasting, which
are central to underground mine development. We began with the principles of tunnelling,
examining definitions, types, and design factors. We then moved on to drilling techniques, covering
equipment, patterns, parameters, and safety considerations. Following that, we studied blasting
methods, including the principles of rock blasting, types of explosives, and blast design with
control measures. Finally, we concluded with the integration of tunnelling, drilling, and blasting,
highlighting sequential planning, cost optimisation, and environmental and safety management.

By completing this Series, you should now be able to describe tunnelling principles and design
factors, analyse drilling techniques and safety measures, explain blasting methods and explosives,
and evaluate the integration of tunnelling, drilling, and blasting with respect to efficiency and
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environmental responsibility. These outcomes directly align with the Series Learning Outcomes
(SLOs) and provide a strong foundation for advanced mining engineering practices.

Glossary of Terms

e Adit: A horizontal opening driven from the surface into a hillside to access underground
workings.

e ANFO: Ammonium Nitrate Fuel Oil, a common blasting explosive.

¢ Blast design: The planning of hole arrangement, explosive type, and detonation timing for
controlled rock breakage.

e Drilljumbo: Alarge machine with multiple booms used for tunnelling and production
drilling.

o Drilling pattern: The arrangement of holes drilled in rock for blasting.
o Emulsion explosives: Water-resistant explosives suitable for wet mining conditions.
o Overbreak: Unnecessary rock breakage beyond the intended excavation boundary.

o Raise boring: Atechnique for creating vertical or inclined openings by drilling a pilot hole
and enlarging it with a reaming head.

¢ Sequential planning: Coordinating tunnelling, drilling, and blasting activities in a logical
order.

e Tunnel boring machine (TBM): A mechanised device that continuously cuts through rock
to create tunnels.

Concept Check Questions [Series 3]
Objective questions

1. Definetunnelling in mining. (Linked to SLO 3.1)

2. What does ANFOstand for? (Linked to SLO 3.3)

3., Name one type of drilling equipment used in underground mining. (Linked to SLO 3.2)

4. Which blasting technique uses delay detonators to control timing? (Linked to SLO 3.3)
Short-answer questions

5./ State one function of a drainage tunnel. (Linked to SLO 3.1)

6. Explain why drilling patterns are important in blasting. (Linked to SLO 3.2)

7. Give one environmental measure in blasting operations. (Linked to SLO 3.4)
Long-answer questions

-
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8. Analyse the advantages and disadvantages of tunnel boring machines compared to drilling
and blasting. (Linked to SLO 3.1 & 3.4)

o Basic response: Learners should mention TBMs as efficient but costly, and
drilling/blasting as flexible but slower.

o Value-added response: Outstanding learners may also discuss environmental
impacts, geological suitability, and long-term maintenance.

9. Evaluate the integration of tunnelling, drilling, and blasting, focusing on sequential
planning, cost optimisation, and safety. (Linked to SLO 3.4)

o Basicresponse: Learners should explain how tunnelling provides access, drilling
prepares rock, and blasting achieves breakage.

o Value-added response: Outstanding learners may also discuss coordination
challenges, modern monitoring technologies, and environmental management.

Answers to Concept Check Questions [Series 3]

1. Tunnelling in mining involves creating horizontal or near-horizontal passages through rock
to access ore bodies.

2. ANFO stands for Ammonium Nitrate Fuel Qil.

3. Dirilljumbo.

4. Controlled blasting using delay detonators.

5. Drainage tunnels remove water inflows from mine workings.

6. Drilling patterns.ensure efficient rock breakage and minimise overbreak.
7. Dust suppression is one environmental measure.

8. TBMs are efficient and produce smooth tunnels but are costly, while drilling and blasting is
cheaper and flexible but slower. Advanced responses may include geological suitability
and.environmental impacts.

9. Integration involves tunnelling for access, drilling for preparation, and blasting for breakage.
Advanced responses may include modern monitoring, cost optimisation, and
environmental management.

Answers to Pilot Questions [Series 3]
e Tunnelling is the creation of horizontal passages to access ore bodies.
e Functions include haulage, ventilation, drainage, and exploration.

¢ Drainage tunnels remove water inflows.

-

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



e Geological conditions influence tunnelling design.
o Reinforced supports stabilise weak rock formations.
e Drilling equipment includes jackhammers and drill jumbos.
e Drilling patterns arrange holes for efficient blasting.
e Parametersinclude hole diameter and spacing.
e PPE protects workers from hazards.
e Dust suppression is a safety measure.
¢ Blasting is the controlled use of explosives to fracture rock.
o Explosives include ANFO and emulsion.
e ANFO stands for Ammonium Nitrate Fuel Oil.
e Delay detonators control timing of blasts.
e Control measures include vibration monitoring.
e Sequential planning coordinates tunnelling, drilling, and blasting.
o Costoptimisation balances productivity and affordability.
o Reducing overbreak prevents unnecessary rock breakage.
e Dust suppression is an environmental measure.
o PPE use is a safety management practice.
References and Attributions [Series 3]

o Figure 3.1 Scope of tunnelling in mining: Suggested Al prompt “Diagram of mining tunnel
showing haulage, ventilation, drainage functions”.

o Plate 3.1 Types of mining tunnels: Suggested Al prompt “Image of haulage, ventilation,
drainage tunnels in mining”.

e  Box 3.1 Factors influencing tunnelling design: Suggested Al prompt “Table summarising
factors influencing tunnelling design in mining”.

e | Figure 3.2 Types of drilling equipment: Suggested Al prompt “Diagram of jackhammer drill
jumbo rotary drill percussive drill”.

e Plate 3.2 Drilling patterns: Suggested Al prompt “Image of drilling patterns parallel fan-
shaped ring underground mining”.

e Box 3.2 Safety measures in drilling: Suggested Al prompt “Table summarising safety

-
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Figure 3.3 Principles of rock blasting: Suggested Al prompt “Diagram of blasting sequence
drilling holes charging explosives detonation”.

Plate 3.3 Explosives used in mining: Suggested Al prompt “Image of ANFO emulsion
dynamite slurry explosives underground mining”.

Box 3.3 Blast design parameters: Suggested Al prompt “Table summarising blast design
parameters and control measures”.

Figure 3.4 Sequential planning: Suggested Al prompt “Diagram showing integration of
tunnelling drilling blasting sequence”.

Plate 3.4 Cost optimisation: Suggested Al prompt “Image of mining engineers planning cost
optimisation in tunnelling blasting”.

Box 3.4 Environmental and safety management: Suggested Al prompt “Table summarising
environmental and safety management measures in tunnelling drilling blasting”.

Open Educational Resource (OER) search strings were provided for each illustration to
encourage sourcing from freely available educational materials.

Series 4: Mine Safety and Support Systems

Series outline

-

4.1 Principles of mine safety
o 4.1.1 Importance of safety in mining operations
o <4.1.2Common hazards in underground mines
o ' 4.1.3 Safety culture and training programs
4.2 Mine support systems
o 4.2.1 Types of supports (timber, steel, concrete, powered supports)
o 4.2.2 Principles of ground control
o 4.2.3Installation and maintenance of support systems
4.3 Emergency preparedness and response
o 4.3.1 Mine rescue operations

o 4.3.2 Fire prevention and control

o)
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o 4.3.3 Evacuation procedures and refuge chambers
e 4.4 Monitoring and risk management
o 4.4.1 Hazard identification and risk assessment

o 4.4.2 Monitoring systems (gas detection, seismic monitoring, ventilation
monitoring)

o 4.4.3 Continuous improvement in safety management

Introduction

Mine safety and support systems are the backbone of sustainable underground mining. Without
robust safety practices and effective support structures, mining operations face risks of accidents,
collapses, and environmental hazards. This Series will guide you through the principles of safety
management, the engineering of support systems, and.the strategies for emergency preparedness
and risk monitoring. By studying this Series, you will gain the knowledge required to protect
workers, maintain excavation stability, and ensure compliance with industry standards.

The aim of this Series is to equip you with the ability to identify hazards, apply appropriate support
systems, and implement safety protocols that safeguard both personnel and infrastructure.

We shall begin by exploring the principles of mine safety, including hazards and safety culture.
Next, we will examine mine support systems, covering types, ground control, and installation.
Following that, we will study emergency preparedness and response, focusing on rescue
operations, fire control, and evacuation. Finally, we will conclude with monitoring and risk
management, where you will learn about hazard identification, detection systems, and continuous
improvement in safety management.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e ~SLO 4.1 describe the principles of mine safety and explain common hazards in
underground mining,

o SLO 4.2 analyse different mine support systems and evaluate their application in ground
control,

e / SLO 4.3 explain emergency preparedness and response strategies in mining operations,

e SLO 4.4 evaluate monitoring systems and risk management practices for continuous safety
improvement.

-
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4.1 Principles Of Mine Safety
4.1.1 Importance of safety in mining operations

Safety in mining is critical because underground environments present unique hazards such as
rock falls, gas emissions, and machinery accidents. A strong safety framework protects workers,
reduces downtime, and ensures compliance with regulations. Beyond protecting lives, safety
practices also improve productivity and reduce costs associated with accidents.

Fillin the blank: Safety in mining protects workers and reduces caused by accidents.

IMPORTANCE OF MINE SAFETY: A HOLISTIC APPROACH (OER)

THE INTEGRATED SAFETY MODEL: WORKERS, EQUIPMENT, ENVIRONMENT

Diagram illustrating how holistic safety prevents accidents and ensures sustainable mining.

1. WORKERS (PEOPLE & TRAINING) 2. EQUIPMENT (TECHNOLOGY & MAINTENANCE)
PEOPLE & TRAINING R | @

EEle

¢ PERSONAL PROTECTIVE
s i

— EQUIPMENT (PPE EQUIPMENT & .o

2 (e.q., Q() ) DESIGN TECHNOLOGY

TRAINING IMPACT PREVENTATIVE FOR SAFETY
COMPREHENSIVE | MAINTENANCE SENSORS

ON SAFETY INCIDENTS /TRAINING B o)

SAFETY FEATURES
/ (0. & @&,
autonomous systems)

e RELIABILITY

.....

™ TEAMWORK &
COMMUNICATION _

A0\

778—{7 l GROUND CONTROL ‘;\

¥ =l Nl

1 & VENTILATION mg >
IMAGE4) )

REGULATORY ¥ SUPPORT $$ L ) CONTINUOUS
COMPLIANCE SYSTEMS > H., : iR 5 IMPROVEMENT
\ o (LA Z + = /
™ = ] .
£
cney (o
INVESTIGATION (PDCA) CYCLE

/B @ ~Mm,
: ! A o\

SAFETY MANAGEMENT ~ REGULATORY NAGEMENT & REGU\-A“ CONTINUOUS
SYSTEMS (IMAGE 2) COMPLIANCE (SYSTEMS & CULTURE) IMPROVEMENT RESOURCE (OER)

Diagram showing the importance of safety in mining (workers, equipment, environment). Caption:
Figure 4.1 Importance of safety in mining operations
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4.1.2 Common hazards in underground mines
Underground mines present several hazards that must be managed:
¢ Rock falls: Caused by unstable ground or inadequate support.

e Gas emissions: Methane and carbon monoxide can accumulate and cause explosions or
poisoning.

¢ Flooding: Water inflows can endanger workers and damage equipment.
e Machinery accidents: Heavy equipment poses risks if not properly operated.
¢ Dust and noise: Long-term exposure can lead to respiratory and hearing problems.

Fillin the blank: Methane and carbon monoxide are examples of hazardous emissions in
mines.

B2 UNDERGROUND MINING HAZARDS DIAGRAM (OER)

1. GROUND OR STRATA FAILURE 2. GAS HAZARDS &}

UNSUPPORTED ROCK = GAS ACCUMULATION
oLD LI (METHANE/CO)

DEBRIS ) Z OXYGEN DEFICIENCY
g - (BLACKDAMP)
7 - EXPLOSION RISK
UNSAFE SAFE > 7 D 4. (with small explencing
FALL ©Of GROUND : L <IMAGE 15)

] i N0 > POOR WORKER &

POOR PERSONAL
GAS HAZARDOUS  TOXIC GAS MONITOR
HAZARDS ATMOSPHERE GASES > (ref.. <IMAGE 2>)

4. MACHINERY & ELECTRICAL

CROSS-REFERENCE ||

) , HIGH VOLTAGE
LAYTO CONTROL \/] LHD LOADER ik ~ A suBsTATION
3. FLOODING & INUNDATION ) MEASURES (ref deA{w) < ' CABLES 2 (. svercn

WATER INRUSH,
or “FLOODING" from a
sudden breakthrough of
water from an adjacent old,
flooded mine or an aquifer.

PUMPING A wﬁlRE HAZARD DUST HA%AAAEE NOISE HAZARD FAU.S FROM HEIGHT
STATION. %y I holge ). CMAACE S <MAGE S eleencng AL ) (a an open orepass)

Image showing miners workmg underground W|th hazards labelled (rock falls, gas, flooding).
Caption: Plate 4.1 Common hazards in underground mines

4.1.3 Safety culture and training programs

A strong safety culture ensures that workers prioritise safety in every task. Training programs
provide knowledge on hazard recognition, emergency response, and safe equipment use. Regular
drills, safety meetings, and continuous education reinforce safe practices.
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Management commitment is essential—leaders must set the tone by enforcing safety policies and
rewarding compliance. A proactive safety culture reduces accidents and builds trust among

workers.

Fillin the blank: Regular safety

help workers practice emergency response procedures.

B2 TABLE SUMMARISING ELEMENTS OF SAFETY CULTURE AND TRAINING IN MINING (OER)

1.ERSHIP & ACCOUNTABILITY

| INTEGRATION

SAFETY TRAINING PROGRAMS

& IMPACT

* Participate in Decisions

* Report Hazards & Near-Misses
(Without fear) MODEL

« Stop Unsafe Work (nef. <IMAGE

(ref. <IMAGE 105) | [
* Visibly Commit to Safety
« Empower Employees @ TEXT
* Provide Resources APPROACH A
* Reward Safe Behavior V\_)
2. EMPLOYEE ENGAGEMENT & EMPOWERMENT SIMU-

SAFETY CULTURE
MATURITY

HOLISTIC
0>)

RISK MANAGEMENT & CONTROLS
« |dentify Hazard Drilling & Blast
(Rgfn <l'f'\yl/meazar )s(eg in Drilling & Blasting)
« Assess Risks (<IMAGE 0>, <IMAGE 15) A

« Appl Controls Hierarch [EEA
D onomy erarchy /A

APPROACH "
(ref. <IMAGE 10>)

GROUND
SUPPORT
CONTROLS

LEARNING & IMPROVEMENT

LATIONS

CASE STUDIES
& OUESITS

1. CURRICULUM & CONTENT

« Statutory/Regulatory (e.g.,
MSHA/OSHA, <IMAGE 5>, <IMAGE 6>)

» Hazard-Specific (<IMAGE_7>)

» Technical Skills (<IMAGE_8>)

2. METHODS & DELIVERY

» Classroom/e-Learning (<IMAGE_6>)

» Hands-on/Simulations

» Immersive/Virtual Reality (<IMAGE_95)
* On-the-Job

3. TARGET AUDIENCES
» New Miners (<IMAGE 7>)
« Experienced Miners

« Supervisors (<IMAGE 8>)
« Contractors

(Ref. <IMAGE 10>,
layer 3)

HAZA|
IDENTIFICATION

~ X » Analyse Incidents (<IMAGE 3>) @
\QE? « Share Lessons Learned \ ggﬁgﬂﬁ
« Adapt and Innovate
R e ANANGEs  LIFECYCLE

=

COMPLIANT}>(PROACTIVE}-> (RESILIENT] | (Ref. <IMAGE 3]

Box 4.1: Elements of a strong safety culture in mining

Pilot questions 4.1

1. Why is safetyimportant in mining operations?

2. Name two common hazards in underground mines.
3. What gases can accumulate underground and cause
4. Why are training/programs essential in mine safety?
5. State one element of a strong safety culture.

4.2 Mine Support Systems

4.2.1 Types of supports

4. ASSESSMENT & REFRESHER

» Competency-Based Exams
« Skills Demonstrations

« Regular Refresher Training

[Design}—>[DeIivery}—»[EvaIuationJ—+[FeedbackL

explosions?

Mine support systems are essential for stabilising underground excavations and preventing

collapses. Common types include:
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e Timber supports: Traditional supports made from wood, used in small-scale or temporary
workings.

e Steel supports: Strong and durable, suitable for permanent excavations.
e Concrete supports: Provide long-term stability, often used in shafts and tunnels.

o Powered supports: Hydraulic or mechanical systems that can be adjusted to fit varying
excavation sizes, widely used in modern mechanised mining.

Fill in the blank: Hydraulic or mechanical systems used to stabilise excavations are called
supports.

1. TIMBER SUPPORT 2. STEEL SUPPORT 3. CONCRETE SUPPORT  |4. POWERED (HYDRAULIC) SUPPORT
(PASSIVE) (PASSIVE/ACTIVE) TlMBER (PERMANENT) (ACTIVE, SELF-ADVANCING)

a) Prop & Cap

a) Shotcrete with Rock Bolts

a) Rigid Steel Set STEEL
I CONCRETES

b)Vieldable Arch - POWERED
= : = Sligring SUPPORTS
°°‘£s:n IN MINING

b) Poured/Reinforced Liner

* Simple, Temporary * High Strength * Non-degradable
* Low load-bearing * Permanent/Secondary « Seals rock surface
* Visual failure (cracking) is warning | ‘ * Reusable « High compressive strength
* Prone to decay, fire * Prevention for rock burst (compers) LIl St | * Permanent installation
2. STEEL SUPPORT (PASSIVE/ACTIVE) SYSTEM INTEGRATION & MECHANISMS 4. POWERED (HYDRAULIC) SUPPORT

(ACTIVE, SELF-ADVANCING)
a) Hydraulic Roof Support (Shield)

a) Prop & Cap b) Yieldable Arch
. .

Active

Steel Mesh/Straps  (Applie Fore) — = b) Connection to

(for rock burst prevention) Armoured Face
Conveyor (AFC)
 Simple, Temporary § Legend Tiaar o) © High-Capacity, Pre-stressed
* Low load-bearing 8 o Passive . u Rock-to-Support Gomal | mgh | wen | © Automated, Remote-controlled
« Visual failure (cracklng) is warning H (De'ormanm Activation) (Aoolteo Force) Interaction ol | Low LW o Advances with Shearer
* Prone to decay, fire Swan” | [ F cow =P Concrol layer T Single legs “5 | = |« Immediate backfill (goaf)

Diagram showing timber, steel, concrete, and powered supports in mining. Caption: Figure 4.2
Types of mine support systems

4.2.2 Principles of ground control

Ground controlrefers to the science of managing rock pressure and stability in underground
excavations. The principles include:

e Understanding geological conditions and stress distribution.
e Installing supports to resist rock movement.
e Monitoring ground behaviour with instruments.

e Adjusting support systems as excavation progresses.
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Effective ground control prevents rock falls, ensures worker safety, and maintains excavation

integrity.

Fillin the blank: The science of managing rock pressure and stability in underground excavations is

called ground

1. ROCK BOLTING
(PASSIVE/ACTIVE)

Simple, Primary Support
Point anchor

Split set

Hand-drawn

Cable bolt gy~ insert

2. SHOTCRETES MESH|  ap I

a) Shotcrete layers

CONTROL
MEASURES

IN
UNDERGROUND
MINING

3. BACKFILL SUPPORT | 4. POWERED (HYDRAULIC)
SHIELD SUPPORT

a) Hydraulic Backfill b) Stope Cut & Fill

. slmple Primary Support
* Low cost
 Active reinforcement (cable bolts) | 22

* Prone to decay, fire

* Permanent/Secondary
* Non-degradable
* Seals rock surface

* High compressive strength ~Svan___

 Non-degradable
* Permanent installation
* Adds strength to the rock mass

* Immediate backfill (paste fill) g

2. SHOTCRETE & MESH (PASSIVE/ACTIVE)
a) Prop & Cap

Steel MeshIStraps
(for rock burst prevention)

« Simple, Temporary g
* Low load-bearing H
« Visual failure (cracking) is warning &
* Prone to decay, fire St

SYSTEM INTEGRATION & MECHANISMS

Legend

Passive Rock-to-Support
= (Delonnatlo« Activation) ‘ (Applied Force) “ Interaction b
CF cow == Concrol layer X[ Single legs

4, POWERED (HYDRAULIC) SUPPORT
(ACTIVE, SELF-ADVANCING)

a) Hydraulic Roof Support (Shield)

b) Connection to
Armoured Face
Conveyor (AFC)

* High-Capacity, Pre-stressed

wen | © Automated, Remote-controlled
| o Advances with Shearer
“® | » Immediate backfill (goaf)

Image showing ground control measures in underground mining. Caption: Plate 4.2 Principles of

ground control

4.2.3 Installation and maintenance of support systems

Support systems must be properlyinstalled and regularly maintained to remain effective. Key steps

include:

o Correct placement of supports according to excavation design.

e /Regularinspection for wear, corrosion, or damage.

¢ Reinforcement or replacement when necessary.

e Integration with monitoring systems to detect instability early.

Maintenance ensures that supports continue to provide protection throughout the life of the mine.

Fillinthe blank: Regular

of support systems ensures they remain effective and safe.
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VISUAL
ILLUSTRATION

1.Drill

TYPE

1. ROCK BOLTING  |PASSIVE/ACTIVE| <]

KMechanical) 7 i ‘;:
resin-anchored C R
2. TIMBER SUPPORT|  PASSIVE -
: <2 ~ Prop & Vertical __

wood set s

3. STEEL SUPPORT |PASSIVE/ACTIVE | Sliding

joint

Traditional wood set

MAINTENANCE
PRACTICES

* Regular pull testing

« Viisual inspection for corrosion

« Check torque of mechanical
anchors

SUMMARY OF | "GiGrices
INSTALLATION & * Precise drilling pattern
MAINTENANCE | ; Corect esin mxing
FOR MINE ( ;{)&)\; ep)re- ension force
SUPPORT

SYSTEMS
(OER)

Continuous

* Cut to fit on-site
* Secure with wedges
« Fill cogs with rock

* Check for decay/rot
* Monitor for structural shifting
« Replace damaged components

prermanance for
continuous monitoring

* Fabricated sections
assembled

a) Rigid Steel Set b) Yieldable Arch

il @)

4. CONCRETE PERMANENT _
SUPPORT

!&’m : ot

==

5. POWERED ACTIVE
(HYDRAULIC)
SUPPORT

Legend

SYSTEM INTEGRATION & LIFECYCLE

Passive - Active
= (Delormation Activation) (Applied Force) “
[ Protomatic cow

DY

il
-—Ton

Rock-to-Support
Interaction

== Concrol layer I, Single legs

* Tighten joint
connections

* Pre-stress yieldable
arches (Active)

« Inspect for corrosion
« Tighten bolts periodically
 Monitor yield indicators

» Shotcrete: proper
mix & application

* Poured: rebar
placement &
curing time

 Monitor for cracking
* Sealing of cracks if needed
« Check adhesion of shotcrete

~ | Assembly and test

before deployment
* Sync with shearer &
* Pre-load hydraulic
system

« Inspect hydraulic lines &
seals

* Regular performance testing

* Keep spare parts readily
available

Box 4.2: Installation and maintenance practices for mine support systems

Pilot questions 4.2
1.

2.

Name two types of mine support systems.

What is the purpose of ground controlinmining?

Why are powered supports important in modern mining?
State one principle of ground control.

Why is maintenance of support systems necessary?

4.3 Emergency Preparedness And Response

4.3.1 Mine rescue operations

Mine rescue operations are specialised procedures designed to save workers trapped or injured
underground: Rescue teams are trained in firefighting, first aid, and confined-space navigation.
They use breathing apparatus, communication systems, and specialised vehicles to reach affected

areas. quickly.

Fill in the blank: Specialised procedures designed to save workers trapped underground are called
mine

operations.
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1. TEAM & EQUIPMENT OPERATIONAL SEQUENCE & MECHANISMS

(READYQSTATE) UNDERGROUND a) Specialized tools Qb) Temporary Hydrauliic Shield
1a) RESCUE TEAM MEMBER/ cos | @ Rescue support leg MINE RESCUE Ry w— BE—
‘Ié:m?géﬁﬁﬁ OPERATIONS

DIEGRAM

— Rescue

a) Operational Procedure

Clrcun\ ﬂ
Conttrol ,..« R

collapsed
areas
120 cm

« Active, Self-Contained b) Temporary

* Oxygen replenishment stabilization shield
* 002 removal

- « Long duration operation [§ d
* Prone to decay, fire g « Faranoan operation {at
2. UNDERGROUND DEPLOYMENT & LOGISTICS | SYSTEM INTEGRATION & LIFECYCLE (RESCUE) 4, CASUALTY EVACUATION & STABILIZATION

b) Communication & Control - ‘ =2 . Passive
- {Initial check) S Prioritize m
- : !ransport-'

a) Immediate first aid

e - iSeae = & -
b) Rescue Logistics vehicle Monitor patient status
|b) Communication & | Commumcanun & Control Prioritize transport
* Simple, Temporary g Legend T . High-Capac?ty. Pre-stressed
* Low load-bearing s ) [ Passive » Active & Rack-to-Support | [ o | A | wer | * Automated, Remote-controlled
« Visual fallure (cracking) is warning s (Delomation Activation) (Applied Force) Interaction e | tew 11 o Advances with Shearer
* Prone to decay, fire Swess.Swain || (D ic cow = Concrol layer T Single legs cunsion| ¢ | *2 | o Immediate backfill (goaf)

Diagram showing mine rescue team with breathing apparatus and equipment. Caption: Figure 4.3
Mine rescue operations

4.3.2 Fire prevention and control

Fires in underground mines can be.catastrophic due to limited ventilation and confined spaces.
Prevention measures include:

e Usingfire-resistant materialsin supports and equipment.
o |nstalling fire detection.and suppression systems.
e Training workers'in fire response protocols.

Control measures involve isolating fire zones, using extinguishers or water sprays, and evacuating

personnel.

Fillin the blank: Installing fire detection and systems helps prevent underground mine fires.

ET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



1. HAZARD IDENTIFICATION & PREVENTION FIRE 2. SYSTEM INTEGRATION & LIFECYCLE (FIRE CONTROL)
(READY STATE) a) Detection (Smoke, Heat, Gas) b) Auttont\atlc Sppressnon

1a) Spontaneous Combustion, Electncal Equipment, FueI Storage DETEcTION &
o = SUPPRESSION

z t UNDERGROUND S ,
~ Thermal 0o MINING (OER) ~ Suppression
SR scanning of cogs _— 7o e Actuation
-éctlvg Stelljf| Contannedt a) Operational Procedure Sy t- e
« Combustible gas monitoring utomatic Suppression
* Maintenance of equipment -- Actuation
* Prone to decay, fire sen | | B2 System Integration & Logistics cow M) ¢) Manual Intervention

3. UNDERGROUND DETECTION NETWORK & LOGISTICS 4, SUPPRESSION & RESCUE OPERATIONS
a) Automatic Sprinkler (AFFF) systel

b) Smoke detectors a) Thermal camera
=~ —* Water-based foam

@/2@ = ! Control : -~ \|  application

a) Thermal
cameras

4. CASUALTY EVACUATION & STABILIZATION

a) Portable medlcal

Foamsystem ) v
oxygen & stabilization

b} Flber optic  b) Foam system b) Suppresysmn Support vehicle

heat sensing ~ deployment S
* Communication & Control g Legend W2 ot | © High-Capacity, Pre-stressed | ~I—
* Low load-bearing s § [ Passive =Y Active & Rack-to-Support | | Gows | men | o | ® Automated, Remote-controlled
* Visual fallure (cracking) is warning (Oelormaticn Activation) (Agplied Forco) Interaction newi |-teet ¥ o Advances with Shearer
* Prone to decay, fire Swess.Sran” | (D F ic cow =P Concrol layer XL Single legs comraon| 47 | “2 | o |mmediate backfill (goaf)

Image showing fire detection and suppression systems in mining tunnels. Caption: Plate 4.3 Fire
prevention and control in mines

4.3.3 Evacuation procedures and refuge chambers

Evacuation procedures ensure workers can leave hazardous areas safely. Routes must be clearly
marked, ventilated, and free of obstructions. Refuge chambers provide safe havens underground,
equipped with oxygen supplies, communication systems, and food reserves until rescue arrives.

Fillin the blank: Safe havens underground equipped with oxygen and communication systems are
called refuge
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1. HAZARD IDENTIFIC&'EIAQDQ g'T;E\%CUATION TRIGGERS EVACUATION 2. EVACUATION SY%];EF{\JAG!ENC'I(')E'&EOABION & LIFECYCLE

a) Fire (like from <1>) b) Rock Burst/Collapse (@) c) Gas Builj-up PROCEDU R Es a) Immediate A"‘ &Egress ) Surface-LevI Communication
e geh.  &REFUGE [ ¢ |
5 \ e B

Alarm A »
. ¢ Activation Time = IN MINING (OER) ~— l(\ngleges gﬂgg}t P
* Active, Self-Contained . T
. é}arm systen;s & cor‘nmumcatlon ggl/ ; a)ww i s ]
* Clear evacuation routes 25 & > Figh | vgh _
* Prone to decay, fire (replaced with: % ¢) Team Response tw::mm '-2’1, ;_'!
Prone to panic, misinformation) L #sm Az Hagar ey & Communication [Fedomance | a5 | <28
3. UNDERGROUND EVACUATION NETWORK & REFUGE LOGISTICS | 4. TEAM RESPONSE & RECOVERY 0PEHATIONS 4. REFUGE CHAMBER (SELF-SUSTAINING) FEATURES
b) Directional arrows/signs a) Egress pathway from v Evacuation and . a) Automauc Sprinkler (AFFF) system
e work area !o refug i 2 5 2
-r - fi B - ' — « High-Capacity,
= ) | RefugePhase SRR — e
3 i « Sealed door with \\Z&%
b) Gas monitof = = T § A & g . viewing port~

points _

b) Rapid Evacuation vehicle 2 -, Active S 7" a) Portable medical

/
a) Egress pathway from (REV)-passenger REV design s _ = - oxygen & stabilization Insnde Chamber
work area to refuge . ' Medical
o 4 d * High-Capacity, Pre-stressed | ~I—|
« Communication & Control . ] LGm ‘ @ Rack-to-Support | | Gl f:; m; * Automated, Remote-controlled
* Remote monitoring of chamber 3 (Oelormatica Adtivation) (Agplied Foreo) " Interaction pewih |-tew 112 o Advances with Shearer
status Swess.gran || (D F ic cow =P Concrol layer XL Single legs comanon| %6 | “® | o Immedilate backfill (goaf)

Box 4.3: Evacuation procedures and refuge chamber features

Pilot questions 4.3
1. What are mine rescue operations designed for?
2. Name one fire prevention measure in underground mines.
3. Why are fires particularly dangerous.in underground mines?
4. Whatis the purpose of refuge chambers?

5. State one key element of evacuation procedures.

4.4 Monitoring And Risk Management
4.4.1 Hazard identification and risk assessment

Effective mine safety depends on identifying hazards before they cause harm. Hazard
identification involves recognising potential dangers such as unstable ground, gas leaks, or
equipment failures. Risk assessment evaluates the likelihood and severity of these hazards,
helping managers prioritise safety measures.

Fill in the blank: Evaluating the likelihood and severity of hazards is called risk
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HAZARD IDENTIFICATION & RISK ASSESSMENT IN MINING (0ER)

1. HAZARD IDENTIFICATION (WHAT CAN GO WRONG?)

b) Ground Collapse (from <IMAGE-2>)

a) Fire & Explosion (from <IMAGE1>)

Acthrabien
Time

Hazard Detection Rate

* Regular inspections, = Rass monitoring
Activation Time | ® Seismic monitoring

¢) Toxic Gases (from <IMAGE-1>)  d) Mobile Equipment Collisions

(" 257y Gas detectors =
éd’;/\ } s Gasdetectors | &
- * Sesmic monitoring ‘ =

* (Gas deterniadors
* (as detectors, & nrmtmina its
* Prone to decay, fire, warning

~ 1

Strain

»

2. RISK ASSESSMENT (HOW LIKELY & SEVERE?)
RISK MATRIX

Catastrophic
Almost icant

Certain

LIKELIHOOD

Insignificant

Rare Insignificant  Injury  Catastrophic

CONSEQUENCE

b) Estimate Consequence
(injury, damage, environment)

a) Determine Likelihood
(historical data, analysis)

3. RISK CONTROL (WHAT ARE WE DOING ABOUT IT?)
HIERARCHY OF CONTROLS

9

ENGINEERING
CONTROLS
(refuge chambers) Medical

oxygen—

ADMINISTRATIVE =

CONTROLS o

(training, procedures) sygt;g“ Thieney
Capestal | High | s'fah

PPE : Materials | Low | High

(breathing apparatus, Powered | Low | High

helmets - from <IMAGE 3>) C ion| 4x6 | <28

4. MONITOR & REVIEW (IS IT WORKING?)
b) Risk register

a)R

eqular audits and inspections

P

c) Risk register review

Stress-Srein
Rlgk Trand
Risk Trend
over Time

Strain-Stress Strain-Stress over Time

Legend -
Passive Active Rock-to-Sport

—J (Deformation Activation), re-usntext) (Applied Force) . Interaction

=3 Protomatic cow == Contirol layer JC Single legs

Diagram showing hazard identification and risk assessment process. Caption: Figure 4.4 Hazard

identification and risk assessment.in‘mining

4.4.2 Monitoring systems

Modern mines use monitoring systems to detect hazards early:

o Gas detection systems: Identify dangerous gases like methane or carbon monoxide.

e Seismic monitoring: Detects ground movement and potential rock bursts.

¢ | Ventilation monitoring: Ensures airflow is adequate and safe.

These systems provide real-time data, allowing quick responses to emerging risks.

Fillin the blank: Systems that detect dangerous gases in mines are called gas

systems.
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1. GAS (IA)\TEIIArgScPTHIng) I&QQT“ORING MONITORING 3. VENTILATION MONITORING

a) Toxic Gases (like <IMAGE->) | b) Flammable Gases SYSTEMS IN
| [ ©.2% UNDERGROUND
MINING (OER)

(AIRFLOW & CLIMATE CONTROL)
a) Airflow Ileeasurer_n_ent‘ b) Air Quality & Temperature

) a) AlrIIow *

Remote ventilation

=1 Measuremen
Plottbe. ent | regulators control room

Hand-held Fixed
detectors Sensor arrays

* CHa, CO, CO2 detection « Event detection ; « Flow rate control

« Real-time alerts 3 * Damage assessment g * Fan performance momtonng
« Calibration procedures H . EarlK warning of rockburst i « Sealing and regulator

* Prone to decay, fire (replaced with: s Comintn i) | * Rock-to-Support Interaction _Svan e adjustment

b) Flammable Gases SYSTEM INTEGRATION & LIFECYCLE (MONITORING) ) Operational Procedurs
a) Seismic Waveform Analysis Passive ~
(from <IMAGE->) < ‘ (Initial check) : == 3 0/exis

Frequency Spectrum Humidity over Time

Type | Mode
_Capestial | High | High
| Evacouation | Low | Hegh

b) Flaxidic blavetnorritorios

../w{‘ WY SEL, | Peformonce | a6 | 28
» CH4, CO, CO2 detection, Adapted from
* Real-time alerts ] Legend weoaas ® Flow rate control iy
» Calibration procedures 2 [ Passive »um. & Rack-to-Support || o | mwn | wes | ® Fan performance monitoring
« Prone to decay, fire (replaced with: ] (Oelormation Activation) (Applied Forco) Interaction newi |-Le L% o Sealing and regulator
Sensor poisoning and drift) Sness.Sran || (D ic cow == Concrol lyer L, Single legs omgeton| #2¢ | =3 | adjustment

Image showing gas detection and seismic monitoring equipment in mines. Caption: Plate 4.4
Monitoring systems in underground mining

4.4.3 Continuous improvement in safety management

Safety management is not static—itrequires continuous improvement. This involves regularly
reviewing safety policies, updating equipment, and learning from past incidents. Worker feedback
and technological innovations also play a role in improving safety standards.

Continuous improvement ensures that mines adapt to changing conditions and maintain high
safety performance.

Fillin the blank: Regularly reviewing safety policies and updating equipment is part of continuous
in safety management.
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CONTINUOUS IMPROVEMENT PRACTICES IN MINE SAFETY MANAGEMENT (OER)
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Box 4.4: Continuous improvement practices in mine safety management

Pilot questions 4.4

1. Whatisrisk assessment in mining?

2. Name one type of monitoring system used in mines.

3. Why is seismic monitoring important?

4. State one practice of continuous improvement in safety management.

5. How does ventilation monitoring contribute to mine safety?

Series Summary

This'Series has focused on mine safety and support systems, which are essential for protecting
workers.and maintaining excavation stability. We began by examining the principles of mine
safety, including the importance of safety, common hazards, and the role of safety culture. Next,
we explored mine support systems, covering timber, steel, concrete, and powered supports,
along with principles of ground control and maintenance practices. We then studied emergency
preparedness and response, highlighting mine rescue operations, fire prevention, and evacuation
procedures with refuge chambers. Finally, we concluded with monitoring and risk management,
discussing hazard identification, monitoring systems, and continuous improvement in safety

management.
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By completing this Series, you should now be able to describe mine safety principles, analyse
support systems, explain emergency preparedness strategies, and evaluate monitoring and risk
management practices. These outcomes align with the Series Learning Outcomes (SLOs) and
prepare you for advanced mine safety engineering.

Glossary of Terms

e Ground control: The science of managing rock pressure and stability in underground
excavations.

o Hazard identification: Recognising potential dangers in mining operations.

e Minerescue operations: Specialised procedures to save workers trapped or.injured
underground.

e Powered supports: Hydraulic or mechanical systems used to stabilise excavations.

¢ Refuge chambers: Safe havens underground equipped with oxygen.and communication
systems.

e Risk assessment: Evaluating the likelihood and severity of hazards.

o Safety culture: Organisational commitment to prioritising safety in all operations.

e Seismic monitoring: Detecting ground movementand potential rock bursts.

¢ Ventilation monitoring: Ensuring airflowis adequate and safe in underground mines.
Concept Check Questions [Series 4]
Objective questions

1. Define ground controlin mining. (Linked to SLO 4.2)

2. What are refuge chambers used for? (Linked to SLO 4.3)

3. Name/one type of monitoring system in mines. (Linked to SLO 4.4)

4. Which gases are commonly detected by gas monitoring systems? (Linked to SLO 4.4)
Short-answer questions

5. State one common hazard in underground mines. (Linked to SLO 4.1)

6. Explain why powered supports are important in modern mining. (Linked to SLO 4.2)

7+ Give one fire prevention measure in underground mines. (Linked to SLO 4.3)
Long-answer questions

8. Analyse the role of safety culture and training programs in reducing mining accidents.
(Linked to SLO 4.1)

-
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o Basicresponse: Learners should mention training, drills, and management
commitment.

o Value-added response: Outstanding learners may also discuss worker
participation, continuous education, and integration with monitoring systems.

9. Evaluate monitoring and risk management practices in mines, focusing on hazard
identification, detection systems, and continuous improvement. (Linked to SLO 4.4)

o Basicresponse: Learners should explain hazard identification, gasdetection, and
seismic monitoring.

o Value-added response: Outstanding learners may also discuss technological
innovations, worker feedback, and adaptive safety policies.

Answers to Concept Check Questions [Series 4]

1. Ground controlis the science of managing rock pressure and stability in underground
excavations.

2. Refuge chambers provide safe havens underground with oxygen and communication
systems.

3. Gas detection systems.

4. Methane and carbon monoxide:

5. Rockfalls.

6. Powered supports provide adjustable and continuous protection in mechanised mining.
7. Installing fire detection and suppression systems.

8. Safety culture reduces accidents through training, drills, and management commitment.
Advancedresponses may include worker participation and continuous education.

9. Monitoringand risk management involve hazard identification, detection systems, and
continuous improvement. Advanced responses may include technological innovations and
adaptive safety policies.

Answers to Pilot Questions [Series 4]
e Safety protects workers and reduces downtime.
e - Hazards include rock falls and gas emissions.
¢ Methane and carbon monoxide are hazardous gases.
e Training programs prepare workers for emergencies.

o Safety drills reinforce emergency response.

o)
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e Timber and steel are types of supports.

¢ Ground control manages rock pressure and stability.

e Powered supports stabilise modern mechanised mines.

e Maintenance ensures supports remain effective.

e Minerescue operations save trapped workers.

e Fire detection systems prevent underground fires.

o Fires are dangerous due to confined spaces.

o Refuge chambers provide safe havens.

e Evacuation routes must be clear and ventilated.

e Risk assessment evaluates hazard severity.

e Gas detection systems identify dangerous gases.

e Seismic monitoring detects ground movement.

e Continuous improvement updates safety policies.

¢ Ventilation monitoring ensures airflow safety.
References and Attributions [Series 4]

e Figure 4.1 Importance of safety in mining: Suggested Al prompt “Diagram illustrating
importance of mine safety workers.equipment environment”.

e Plate 4.1 Common hazards: Suggested Al prompt “Image of underground mine hazards
rock falls gas flooding machinery”.

e Box4.1.Safety culture: Suggested Al prompt “Table summarising elements of safety culture
and trainingin mining”.

o _Figure 4.2 Typesof supports: Suggested Al prompt “Diagram of timber steel concrete
powered supports in mining”.

e Plate 4.2 Ground control: Suggested Al prompt “Image of ground control measures
underground mining”.

e  Box 4.2 Installation and maintenance: Suggested Al prompt “Table summarising
installation and maintenance practices for mine support systems”.

e Figure 4.3 Mine rescue operations: Suggested Al prompt “Diagram of mine rescue team
with breathing apparatus underground”.

-
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e Plate 4.3 Fire prevention: Suggested Al prompt “Image of fire detection suppression
systems underground mining”.

¢ Box4.3 Refuge chambers: Suggested Al prompt “Table summarising evacuation
procedures and refuge chamber features in mining”.

e Figure 4.4 Hazard identification: Suggested Al prompt “Diagram of hazard identification and
risk assessment mining”.

e Plate 4.4 Monitoring systems: Suggested Al prompt “Image of gas detection seismic
monitoring ventilation monitoring mining”.

e Box 4.4 Continuous improvement: Suggested Al prompt “Table summarising continuous
improvement practices in mine safety management”.

e Open Educational Resource (OER) search strings were provided for eachiillustration to
encourage sourcing from freely available educational materials.

Series 5: Software Applications and Practical Projects
Series outline
¢ 5.1 Introduction to mining software tools
o 5.1.1 Overview of software applications in mining engineering
o 5.1.2 Categories of mining software (design, simulation, monitoring, data analysis)
o 5:1.3 Benefits and limitations of software use
e 5.2 Practical applications of software
o. 5.2.1.Mine design and layout using CAD-based tools
o 5.2.2 Simulation of drilling, blasting, and ventilation systems
o. 5.2.3 Data analysis and reporting for safety and productivity
e | 5.3 Project-based learning
o 5.3.1 Developing small-scale projects using mining software
o 5.3.2 Case studies of software applications in real mines

o 5.3.3 Collaborative project work and presentations

-
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¢ 5.4 Integration of software with field practice
o 5.4.1 Linking software outputs with on-site measurements
o 5.4.2 Using monitoring systems for real-time decision-making

o 5.4.3 Challenges and future trends in mining software applications

Introduction

Modern mining relies heavily on software applications to improve design accuracy, operational
efficiency, and safety. From mine planning to simulation and monitoring, software tools provide
engineers with powerful capabilities to model complex systems and make data-driven decisions.
In addition, practical projects allow learners to apply these tools'in real-world scenarios, bridging
the gap between theory and practice.

The aim of this Series is to equip you with the skills to use-mining-related software effectively and to
apply them in project-based learning. You will gain hands-on experience in mine design,
simulation, and data analysis, while also learning how to integrate software outputs with field
practice.

We shall begin with an introduction to mining software tools, covering categories, benefits, and
limitations. Next, we will explore practical applications of software, including mine design,
simulation, and reporting. Following that, we will engage in project-based learning, where you will
develop small-scale projects and analyse case studies. Finally, we will conclude with the
integration of software withfield practice, highlighting real-time monitoring and future trends.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 5.1 describe the categories of mining software tools and their applications,
e SLO 5.2 apply software tools to mine design, simulation, and data analysis,
e | SLO 5.3 develop practical projects using mining software and evaluate case studies,

e SLO 5.4 integrate software outputs with field practice and assess future trends in mining
technology.

5.1 Introduction To Mining Software Tools
5.1.1 Overview of software applications in mining engineering

Mining software tools are designed to assist engineers in planning, designing, simulating, and
monitoring mining operations. They provide digital solutions for complex tasks such as mine

-
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layout, resource estimation, and safety analysis. By using these tools, engineers can improve
accuracy, reduce costs, and enhance decision-making.

Fill in the blank: Mining software tools help engineers improve and reduce costs in
operations.

1. MINING SOFTWARE 2. MINING SOFTWARE| 3. MINING SOFTWARE | 4. MINING SOFTWARE
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Diagram showing categories of mining software (design, simulation, monitoring, analysis). Caption:
Figure 5.1 Overview of mining software applications

5.1.2 Categories of mining software
Mining software can be grouped into several categories:
o Design software: CAD-based tools for mine layout and infrastructure planning.
¢ Simulation software: Models drilling, blasting, and ventilation systems.
¢  Monitoring software: Tracks gas levels, seismic activity, and equipment performance.

o Data analysis software: Processes large datasets for resource estimation and productivity
reporting.

Fill in the blank: CAD-based tools used for mine layout are examples of software.
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Image showing examples of mining software interfaces (design, simulation, monitoring). Caption:
Plate 5.1 Categories of mining software

5.1.3 Benefits and limitations of software use

Benefits:
e Increased accuracy inmine planning and design.
o Faster decision-making through simulations and data analysis.
¢ Improved safety monitoring and hazard detection.
¢ Enhanced productivity and cost efficiency.
Limitations:
¢ | Highinitial cost of software and training.
e Dependence on accurate input data.
e . Requires skilled operators to interpret results correctly.
e | May not fully capture unpredictable geological conditions.

Fillin the blank: One limitation of mining software is its dependence on accurate data.

ET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Bo;é

SUMMARY: BENEFITS AND LIMITATIONS OF MINING SOFTWARE

Category | Function Key Benefits Key Limitations
Efficient data storage, ) I
1. | Data Management processing. High data quality needed.

2. | Geological Modeling

Accurate 3D vispalization,
resource modeling.

Requires skilled geologists,
expensive software.

3. | Resource Estimation

Robust statistical methods,
quantifiable estimates.

Sensitivity to assumptions,
model uncertainty.

4. | Mine Planning

Optimized mine designs,
scheduling, cost planning.

Long processing times for
scenarios, static models.

5. | Operational Efficiency

Real-time tracking, equipment
management.

Dependence on connectivity,
hardware maintenance.

6 Environmental
* | Monitoring

Simplified environmental
reporting, compliance.

Data integration complexity,
cost.

7. | Safety Management

Predictive hazard identification,
enhanced protocols.

Relies on user input,
implementation curve.

. | Collaboration

Unified platform for teams,
sharing data.

Training required, security
risks.

Pilot questions 5.1

—

.1: Benefits and limitations of mining software use

1. Whatis the purpose of mining software tools?
2. Name two categories of mining software.

3. What type of software is used for mine layout?
4. State one benefit of mining software use.

5. Give one limitation of mining software use.

5.2 Practical Applications Of Software In Mining

5.2.1 Mine design and layout using CAD-based tools

4

Design software such as CAD-based applications allows engineers to create accurate mine
layouts, including tunnels, shafts, and stopes. These tools help visualise excavation geometry,
optimise haulage routes, and plan infrastructure placement. By simulating different layouts,
engineers can reduce costs and improve safety.

Fill in the blank: CAD-based tools are primarily used for mine and layout planning.
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Diagram showing a CAD-based mine layout with tunnels and shafts. Caption: Figure 5.2 Mine
design and layout using CAD. tools

5.2.2 Simulation of drilling, blasting, and ventilation systems

Simulation software models the behaviour of drilling, blasting, and ventilation systems before they
areimplemented in the field.

¢  Drilling simulation: Predicts hole placement and efficiency.
¢ Blasting simulation: Models fragmentation, vibration, and overbreak.
¢ Ventilation simulation: Analyses airflow, gas dispersion, and temperature control.

These simulations allow engineers to test scenarios virtually, reducing risks and improving
operational planning.
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Fillin the blank: Software that models airflow and gas dispersion in mines is called
simulation.

PRODUCTION DRILLING SIMULATION BLASTING & FRAGMENTATION ANALYSIS MINE VENTILATION NETWORK

e

Image showing simulation outputs for drilling, blasting, and ventilation. Caption: Plafe 5.2
Simulation of drilling, blasting, and ventilation systems

5.2.3 Data analysis and reporting for safety and productivity

Data analysis software processes large datasets from sensors, equipment logs, and production
records. It helps identify trends, monitor safety indicators, and generate reports for decision-
making. Examples include:

o Trackinggas levels and seismic activity.
e Analysing equipment performance and downtime.
e ([ Generating productivity and safety compliance reports.

Fillin'the blank: Software that processes large datasets for resource estimation and reporting is
called data software.
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Box 5.2: Applications of data analysis in mining operations

Pilot questions 5.2
1. Whatis the purpose of CAD-based tools in mining?
2. Name one system that can be simulated using mining software.
3. Why is blasting simulation important?
4. State one application of data analysis software in mining.

5. How does simulation software improve safety?

5.3 Project-Based Learning In Mining
5.3.1 Developing small-scale projects using mining software

Project-based learning allows students to apply theoretical knowledge in practical scenarios.
Small-scale projects may include designing a mine layout using CAD tools, simulating a blasting
sequence, or analysing ventilation data. These projects help learners develop problem-solving
skills and gain hands-on experience with software applications.

Fillin the blank: Designing a mine layout using CAD tools is an example of a small-scale
project.

E- PROJED
”‘GLPL"Zg T

Dlagram showmg students working on a CAD-based mine design prOJect Caption: Figure 5.3
Small-scale project development using mining software
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5.3.2 Case studies of software applications in real mines

Case studies provide real-world examples of how mining software is applied. Examples include:
e Using simulation software to optimise blasting in a gold mine.
e Applying monitoring software to detect gas emissions in coal mines.
e Employing data analysis tools to improve productivity in copper mines.

These case studies demonstrate the practical value of software in enhancing safety, efficiency, and
profitability.

Fillin the blank: Case studies demonstrate the practical of software in mining operations.
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Image showing mining engineers analysing case study data with software tools. Caption: Plate 5.3
Case studies of software applications in mining

5.3.3 Collaborative project work and presentations

Collaborative projects encourage teamwork and communication among learners. Students can
form groups to design mine layouts, simulate operations, and present findings. Presentations allow
learners to share insights, defend design choices, and receive feedback. This process mirrors
professional mining practice, where collaboration is essential.

Fillin the blank: Group presentations in project-based learning encourage teamwork and
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Box 5.3: Collaborative project work and presentation practices

Pilot questions 5.3
1. Whatis the purpose of project<based learning in'mining education?
2. Give one example of a small-scale project using mining software.
3. Why are case studies important in mining software applications?
4. State one benefit of collaborative project work.

5. How do presentations enhance project-based learning?

5.4 Integration Of Software With Field Practice
5.4.1 Linking software outputs with on-site measurements

Mining software is most effective when its outputs are validated against field measurements.
Engineers compare simulated layouts, ventilation models, or blasting predictions with actual site
data to ensure accuracy. This integration improves reliability and helps refine future designs.

Fillin the blank: Validating software outputs against actual site data ensures
operations.

in mining
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Field measurements continuously calibrate software models, which guide future data collection.
OER (Open Educational Resource) educational material.

Diagram showing integration of software outputs with field measurements. Caption: Figure 5.4
Linking software outputs with on-site measurements

5.4.2 Using monitoring systems for real-time decision-making

Monitoring software provides real-time data on gas levels, seismic activity, and equipment
performance. By integrating these systems with field practice, engineers can make quick decisions
to prevent accidents or optimise productivity. Real-time dashboards and alerts are critical for
modern mine management.

Fillin the blank: Real-time dashboards and alerts from monitoring systems support quick -
making in mines.

INTEGRATED MINE REAL-TIME MONITORING DASHBOARD (MAGE-2)

NCE
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Image showing real-time monitoring dashboard for mining operations. Caption: Plate 5.4
Monitoring systems for real-time decision-making

5.4.3 Challenges and future trends in mining software applications
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Despite their benefits, mining software faces challenges such as:
e High costs of acquisition and training.
o Dependence on accurate geological data.
e Integration difficulties with legacy systems.
Future trends include:
e Greater use of Al and machine learning for predictive modelling.
e Enhanced cloud-based platforms for collaborative work.
¢ Improved automation and loT integration for smart mining.

Fillin the blank: Future mining software trends include greater use of and machine
learning.

SUMMARY: CHALLENGES & FUTURE TRENDS IN MINING SOFTWARE APPLICATIONS (MAGE-2 INTEGRATION)
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Box 5.4: Challenges and future trends in mining software applications

Pilot questions 5.4
1. Why s itimportant to validate software outputs with field measurements?
2. Nameone benefit of using monitoring systems in real-time.
3. State onechallenge of mining software applications.
4. What future trend involves predictive modelling?

5. "How doesloT integration improve mining software applications?

Series Summary

This Series has focused on software applications and practical projects in mining engineering,
highlighting how digital tools enhance design, simulation, monitoring, and project-based learning.
We began with an introduction to mining software tools, covering categories, benefits, and
limitations. Next, we explored practical applications of software, including CAD-based mine
design, simulation of drilling, blasting, and ventilation, and data analysis for safety and
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productivity. We then examined project-based learning, where learners develop small-scale
projects, analyse case studies, and collaborate on presentations. Finally, we concluded with the
integration of software with field practice, emphasising validation with on-site measurements,
real-time monitoring, and future trends such as Al, loT, and cloud-based platforms.

By completing this Series, you should now be able to describe mining software categories, apply
them to practical tasks, develop projects, and integrate software with field practice for modern
mining operations.

Glossary of Terms

e CAD-based tools: Computer-aided design software used for mine layout and
infrastructure planning.

¢ Simulation software: Programs that model drilling, blasting, and ventilation'systems.

¢ Monitoring software: Tools that provide real-time data on gas levels, seismic activity, and
equipment performance.

o Data analysis software: Applications that process large datasets for resource estimation
and productivity reporting.

o Project-based learning: Educational approach where learners apply knowledge in
practical projects.

o Refuge chambers: Safe havens.underground equipped with oxygen and communication
systems (linked from Series.4).

¢ loT integration: Use of connected devices and sensors to enhance mining software
applications.

¢ Predictive'modelling: Using Al and machine learning to forecast mining outcomes.
Concept Check Questions [Series 5]
Objective questions

1. Whatisthe purpose of CAD-based tools in mining? (Linked to SLO 5.2)

2. Name one category of mining software. (Linked to SLO 5.1)

3. Which type of software models drilling and blasting? (Linked to SLO 5.2)

4. What future trend involves predictive modelling? (Linked to SLO 5.4)
Short-answer questions

5. State one benefit of mining software use. (Linked to SLO 5.1)

6. Give one example of a small-scale project using mining software. (Linked to SLO 5.3)

-
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7. Why isitimportant to validate software outputs with field measurements? (Linked to SLO
5.4)

Long-answer questions
8. Analyse the benefits and limitations of mining software applications. (Linked to SLO 5.1)

o Basicresponse: Learners should mention accuracy, safety, and cost efficiency
versus high costs and data dependence.

o Value-added response: Outstanding learners may also discuss training needs,
integration challenges, and adaptability to geological variability.

9. Evaluate project-based learning in mining education, focusing on small-scale projects,
case studies, and collaboration. (Linked to SLO 5.3)

o Basicresponse: Learners should explain how projects apply theory to practice.

o Value-added response: Outstanding learners may also discuss teamwork,
communication skills, and professionalrelevance.

Answers to Concept Check Questions [Series 5]
1. CAD-based tools are used for mine design and layout planning.
2. Simulation software.
3. Simulation software models drilling and blasting.
4. Al and machine learning.
5. Increased accuracy in mine planning.
6. Designing a mine layout using CAD tools.
7. Validationensures accuracy and reliability in mining operations.

8. Benefits include accuracy, safety, and efficiency; limitations include cost, training, and
data dependence. Advanced responses may include integration challenges and
adaptability.

9. Project-based learning applies theory to practice; advanced responses may highlight
teamwork, communication, and professional relevance.

Answers to Pilot Questions [Series 5]
¢ Mining software improves accuracy and reduces costs.
e Categories include design and simulation software.

e CAD-based tools are used for mine layout.

-
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o Benefits include improved safety monitoring.

o Limitations include dependence on accurate input data.

e CAD-based tools design mine layouts.

e Simulation software models drilling, blasting, and ventilation.

e Blasting simulation predicts fragmentation and vibration.

¢ Data analysis software tracks safety indicators.

e Project-based learning develops problem-solving skills.

e (Case studies show practical value of software.

e Collaborative projects encourage teamwork.

¢ Presentations enhance communication.

e Validating outputs ensures accuracy.

e Monitoring systems provide real-time data.

e Challenges include high costs and.integration issues.

e Future trends include Al and machine learning.

o |oT integration improves smart mining applications.
References and Attributions [Series 5]

o Figure 5.1 Overview/of mining software applications: Suggested Al prompt “Diagram
showing categories of mining software design simulation monitoring analysis”.

o Plate 5.1 Categories of mining software: Suggested Al prompt “Image of mining design
simulation monitoring data analysis software interfaces”.

e Box 5.1 Benefits and limitations: Suggested Al prompt “Table summarising benefits and
limitations.of mining software”.

e Figure 5.2 Mine design: Suggested Al prompt “Diagram of CAD-based mine layout tunnels
shafts stopes”.

e Plate 5.2 Simulation: Suggested Al prompt “Image of mining software simulation drilling
blasting ventilation”.

e Box 5.2 Data analysis: Suggested Al prompt “Table summarising applications of data
analysis software in mining”.

e Figure 5.3 Small-scale projects: Suggested Al prompt “Diagram of students developing
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e Plate 5.3 Case studies: Suggested Al prompt “Image of mining engineers analysing case
study data software tools”.

e Box 5.3 Collaborative projects: Suggested Al prompt “Table summarising collaborative
project work and presentation practices in mining education”.

e Figure 5.4 Integration: Suggested Al prompt “Diagram showing integration of mining
software outputs with field measurements”.

e Plate 5.4 Monitoring systems: Suggested Al prompt “Image of mining monitoring dashboard
gas seismic equipment performance”.

e Box 5.4 Challenges and trends: Suggested Al prompt “Table summarising challenges and
future trends in mining software applications”.

e Open Educational Resource (OER) search strings were provided for eachiillustration to
encourage sourcing from freely available educational materials.
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