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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 

• 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 Risk assessment in mine design 

• 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 needed to understand how underground mines are planned and designed, 
preparing you to engage with more advanced aspects of mine design later in the course. 

The aim of this Series is to 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: 

• SLO 1.1 define the scope and objectives of underground mine design, 

• SLO 1.2 explain how geological and mineral deposit characteristics influence mine design, 

• SLO 1.3 analyse criteria for selecting appropriate underground mining methods, 

• SLO 1.4 evaluate safety and environmental factors in underground mine design, and 

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

 

• a collection and interpretation, which provides information about the deposit’s size, shape, 
and quality. 

• Feasibility studies, which assess whether mining is economically and technically viable. 

• Layout design, which determines the arrangement of shafts, tunnels, and stopes. 

• 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. 

Fill in the blank: The stage that evaluates whether a mining project is viable is called a _______ 
study. 



 

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

 
Table 1.1 Key stages in underground mine design planning  

 

Pilot questions 1.1 

1. Define mine design in your own words. 

2. List two objectives of underground mine design. 

3. Which stage of mine design involves geological data collection? 

4. What is meant by ore recovery? 

5. Why is safety considered a primary objective in mine design? 

 

1.2 Geological And Mineral Considerations 

1.2.1 Geological data collection and interpretation 

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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Fill in the blank: Geological data provides information about the _______ and mineral deposits of 
the earth’s crust. 

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 deposit refers 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 
type of excavation and support systems needed. 

Fill in the blank: The concentration of valuable minerals within ore is known as the _______. 
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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 models that guide decision-making. 

Fill in the blank: Ore below the cut-off grade is classified as _______. 
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Table 1.2 Relationship between cut-off grade and mineral reserves  

 

Pilot questions 1.2 

1. What is geological data, and why is it 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. What is 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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Fill in the blank: The process of determining the most suitable technique for extracting a mineral 
deposit is called _______ selection. 

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 equipment in 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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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. 

Fill in the blank: A large copper deposit is often mined using the _______ caving method. 
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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. 

Fill in the blank: Underground workers must always carry _______ devices to protect themselves in 
emergencies. 



 

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

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. 

Fill in the blank: Designing mines to balance resource extraction with long-term environmental 
protection is known as _______. 
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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. 

Fill in the blank: The process of identifying and mitigating potential hazards in mining operations is 
called _______. 
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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 risk assessment 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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Fill in the blank: Software tools allow engineers to create _______ visualisations of ore bodies. 

Diagram showing a 3D mineral model generated using 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, shaft layout, 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. 

Fill in the blank: A hands-on exercise where learners apply mine design principles to a case study is 
called a _______ project. 
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Box 1.4: Outline of a practical design project in underground mining  

 

Pilot questions 1.5 

1. What are software tools used for in mine design? 

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

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

4. What is the purpose of a practical design project? 

5. Give one example of a task included 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 

• 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. 

• 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 chemical properties 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. 

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

• Ore recovery: 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. 

• 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. What is 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 Basic response: 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 mine design, providing examples of 
hazards and mitigation measures. (Linked to SLO 1.4) 

o Basic response: 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-fill mining is suitable for narrow vein deposits. 

4. Ore recovery. 

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

6. Waste disposal management is 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] 

• Mine design is the blueprint of underground mining operations. 

• Objectives include maximising ore recovery and ensuring safety. 

• Geological data collection occurs during the planning stage. 

• Ore recovery is the proportion of valuable mineral extracted compared to the total deposit. 

• Safety is a primary objective because underground mining environments are hazardous. 

• Geological data is information about rock types, structures, and deposits. 

• Characteristics include grade and orientation. 

• Grade is the concentration of valuable minerals in ore. 

• Cut-off grade is the minimum grade for economic viability. 

• Mineral modelling assists by visualising ore distribution and planning stopes. 

• Factors influencing method choice include deposit geometry and depth. 

• Room-and-pillar is suitable for shallow, horizontal deposits. 

• LHD machines are used in cut-and-fill mining. 

• Machinery selection affects productivity and safety. 

• Example: Copper deposits mined using block caving. 

• Rules of conduct include PPE use and emergency preparedness. 

• PPE includes helmets and self-rescue devices. 

• Sustainability balances resource extraction with environmental protection. 

• Risk assessment identifies hazards and integrates preventive measures. 

• Environmental management practices include dust suppression. 

• Software tools are used for modelling and planning. 

• Advantage: They reduce human error. 

• Integration means applying theoretical techniques in practice. 

• Purpose of a practical design project is to apply principles in a case study. 

• Example task: Designing stope layouts. 
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References and Attributions [Series 1] 

• Figures, Plates, Tables, and Boxes were suggested as placeholders with AI prompts for 
generation. 

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

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

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

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

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

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

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

• 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 

• 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 

• 2.2 Methods of shaft sinking 

o 2.2.1 Bench method 
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o 2.2.2 Jora lift method 

o 2.2.3 Drilling and blasting parameters in shaft sinking 

• 2.3 Excavation of winze and raise 

o 2.3.1 Definitions and purposes of winze and raise 

o 2.3.2 Techniques for excavation 

o 2.3.3 Safety considerations in winze and raise construction 

• 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 

• 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 Nut and 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: 

• SLO 2.1 describe the types of shafts and explain the phases of shaft construction, 

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

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

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

• 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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Diagram showing vertical and inclined shafts with labelled functions. Caption: Figure 2.1 Types of 
shafts and their functions  

 

2.1.2 Shaft site investigation and preparation 

Site investigation refers to the process of assessing the ground conditions before shaft 
construction. This includes geological surveys, soil testing, and hydrological studies to identify 
potential hazards such as weak rock formations or water inflows. Proper investigation ensures that 
the shaft is located in a stable area, reducing risks and construction costs. 

Preparation involves clearing the site, setting up equipment, and establishing safety measures. 
Engineers must also plan for drainage and reinforcement to prevent collapse during excavation. 

Fill in the blank: Before shaft construction, engineers conduct _______ to assess ground conditions. 
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Image showing engineers conducting site investigation with drilling rigs and survey equipment. 
Caption: Plate 2.1 Shaft site investigation and preparation  

 

2.1.3 Phases of shaft construction 

Shaft construction typically progresses through several phases: 

• Initial excavation, where the surface is opened and the shaft collar is established. 

• Lining installation, 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. 

Fill in the blank: The installation of concrete or steel supports in shaft walls is known as _______. 
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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. 

3. What is the purpose of site investigation before shaft construction? 

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

5. Why is proper site preparation important in shaft construction? 

 

2.2 Methods Of Shaft Sinking 

2.2.1 Bench method 

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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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 technique 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. 

Fill in the blank: In the Jora lift method, excavated material is removed using a rope and _______ 
system. 
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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. 

Fill in the blank: The process of fracturing rock using explosives after drilling holes is called _______. 
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Table 2.2 Key drilling and blasting parameters in shaft sinking  

 

Pilot questions 2.2 

1. What is the bench method of shaft sinking? 

2. Name one advantage of the bench method. 

3. What equipment is used in the Jora lift method? 

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

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

 

2.3 Excavation Of Winze And Raise 

2.3.1 Definitions and purposes of winze and raise 

A winze is a downward excavation driven from an existing level to connect with a lower level, while 
a raise 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. 

Fill in the blank: A downward excavation connecting to a lower level is called a _______. 
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Diagram showing winze and raise excavations in relation to mine levels. Caption: Figure 2.3 Winze 
and raise excavations  

 

2.3.2 Techniques for excavation 

Excavation of winzes and raises can be carried out using several techniques. The most common 
are: 

• Drilling and blasting, where holes are drilled and charged with explosives to break rock. 

• Raise boring, which involves drilling a pilot hole and then enlarging it with a reaming head. 

• Alimak raising, which uses a mechanised platform to drill and blast upwards safely. 

Raise boring is preferred for large-diameter raises because it is safer and more efficient, while 
Alimak raising is suitable for medium-sized raises where flexibility is needed. 

Fill in the blank: The excavation technique that uses a pilot hole and reaming head is called _______ 
boring. 
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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: 

• Ensuring proper ventilation to prevent gas accumulation. 

• Installing temporary supports to prevent rock falls. 

• Using secure ladders or mechanised platforms for worker access. 

• 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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Box 2.1: Safety measures in winze and raise construction  

 

Pilot questions 2.3 

1. What is the difference between a winze and a raise? 

2. Name one purpose of a raise in underground mining. 

3. Which excavation technique uses a pilot hole and reaming head? 

4. What is Alimak raising used for? 

5. State one safety measure in winze and raise construction. 

 

2.4 Tunnel, Drift, And Adit Design 

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. 

Fill in the blank: A horizontal opening driven from the surface into a hillside is called an _______. 
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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 method is flexible and widely used, especially in mines where TBMs are 
impractical. The choice depends on deposit characteristics, cost, and safety requirements. 

Fill in the blank: Large mechanised devices that cut through rock continuously are called tunnel 
_______ machines. 
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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. 

Fill in the blank: One key safety requirement in tunnelling is proper _______ to prevent gas 
accumulation. 
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Box 2.2: Cost optimisation and safety measures in tunnelling  

 

Pilot questions 2.4 

1. What is 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 might drilling and blasting be chosen over TBMs? 

5. State one safety measure in tunnelling 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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Fill in the blank: Mechanical systems used to lift ore and personnel through shafts are called 
_______ machines. 

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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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. 

Fill in the blank: Bolts drilled into rock and secured with nuts are called _______ supports. 
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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. What is the purpose of 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 

• 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. 

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

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

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

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

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

• 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. Define a winze. (Linked to SLO 2.3) 

2. What is 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) 
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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 Basic response: 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. A winze 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. Nut and bolt supports. 

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

6. The Jora lift method is cost-effective and simple. 

7. Ensuring proper ventilation is a key safety 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 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] 

• Shafts are vertical or inclined passages that provide access, ventilation, and haulage. 

• Types include vertical shafts and inclined shafts. 
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• Site investigation assesses ground conditions before construction. 

• Lining installation involves placing concrete or steel supports. 

• Proper site preparation reduces risks and costs. 

• The bench method excavates in successive benches. 

• Advantage: Controlled progress and flexibility. 

• Jora lift uses a rope and bucket system. 

• It is less suitable for deep shafts due to inefficiency. 

• Parameters include hole diameter and spacing. 

• A winze is downward; a raise is upward. 

• A raise improves airflow or creates ore passes. 

• Raise boring uses a pilot hole and reaming head. 

• Alimak raising is used for medium-sized raises. 

• Safety measure: Proper ventilation. 

• A tunnel is horizontal, a drift follows ore, and an adit opens from the surface. 

• An adit provides natural drainage. 

• TBMs are used for mechanised tunnelling. 

• Drilling and blasting may be chosen for flexibility. 

• Safety measure: Dust suppression. 

• Hoisting machines lift ore and personnel. 

• Types include drum hoists and friction hoists. 

• Powered supports stabilise excavations. 

• Arch design distributes stress evenly. 

• Nut and bolt supports reinforce rock walls. 

References and Attributions [Series 2] 

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

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



 

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

• Table 2.1 Phases of shaft construction: Suggested AI prompt “Table summarising phases of 
shaft construction and activities”. 

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

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

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

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

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

• Box 2.1 Safety measures in winze and raise construction: Suggested AI prompt “Table 
summarising safety measures in winze and raise construction”. 

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

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

• Box 2.2 Cost optimisation and safety measures: Suggested AI prompt “Table summarising 
cost optimisation and safety measures in tunnelling”. 

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

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

• Box 2.3 Nut and bolt supports: Suggested AI 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 

• 3.1 Principles of tunnelling 

o 3.1.1 Definition and scope of tunnelling in mining 

o 3.1.2 Types of tunnels and their applications 

o 3.1.3 Factors influencing tunnelling design 

• 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 Blast design and control measures 

• 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 access to 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 
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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: 

• SLO 3.1 describe the principles of tunnelling and explain factors influencing tunnel design, 

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

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

• SLO 3.4 evaluate the integration of tunnelling, drilling, and blasting with respect to 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. 

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

• Haulage tunnels: Used for transporting ore and waste rock. 

• Ventilation tunnels: Provide airflow to underground workings. 

• Drainage tunnels: Remove water inflows from mine workings. 

• Exploration tunnels: 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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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. 

• Purpose of the tunnel: Haulage, ventilation, drainage, or exploration. 

• Safety requirements: Ventilation, support systems, and emergency exits. 

• Economic considerations: Cost of excavation, equipment, and time efficiency. 

Design must balance these factors to ensure that tunnels are safe, functional, and cost-effective. 
For instance, weak rock formations 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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Box 3.1: Key factors influencing tunnelling design  

 

Pilot questions 3.1 

1. What is tunnelling in mining? 

2. Name two functions of mining tunnels. 

3. What type of tunnel is used to remove water inflows? 

4. State one factor that influences 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: 

• Jackhammers: Portable tools for small-scale drilling. 

• Drill jumbos: Large machines with multiple booms, used for tunnelling and production 
drilling. 

• Rotary drills: Machines that cut rock using rotating bits, suitable for hard formations. 

• 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. 

Fill in the blank: Large machines with multiple booms used for tunnelling are called drill _______. 

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

 

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: 

• Using dust suppression systems to reduce inhalation risks. 
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• Wearing personal protective equipment (PPE) such as helmets, ear protection, and 
respirators. 

• Ensuring proper training for operators. 

• Regular maintenance of drilling equipment to prevent malfunctions. 

Fill in the blank: One key safety measure in drilling operations is the use of dust _______ systems. 

Box 3.2: Safety measures in drilling operations  

 

Pilot questions 3.2 

1. Name two types of drilling equipment used in underground mining. 

2. What is 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. 

Fill in the blank: The controlled use of explosives to fracture rock is called _______. 

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. 

• 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. 

 
Image showing different types of explosives used in underground mining. Caption: Plate 3.3 
Explosives used in 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. 



 

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

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. 

Fill in the blank: The use of delay detonators in blasting helps control the timing of _______. 

Box 3.3: Blast design parameters and control measures  

 

Pilot questions 3.3 

1. What is 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. 

Fill in the blank: The process of coordinating tunnelling, drilling, and blasting is known as 
sequential _______. 

Diagram showing sequential planning of tunnelling, drilling, and blasting activities. Caption: Figure 
3.4 Sequential planning of excavation activities  

 

3.4.2 Optimisation of cost and efficiency 

Cost optimisation involves selecting methods and equipment that balance productivity with 
affordability. For instance, 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. 

Fill in the blank: Minimising unnecessary rock breakage during blasting is known as reducing 
_______. 



 

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

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. 

Fill in the blank: One environmental measure in blasting operations is _______ suppression. 
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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. What is 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 

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

• 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. 

• Drill jumbo: A large machine with multiple booms used for tunnelling and production 
drilling. 

• Drilling pattern: The arrangement of holes drilled in rock for blasting. 

• Emulsion explosives: Water-resistant explosives suitable for wet mining conditions. 

• Overbreak: Unnecessary rock breakage beyond the intended excavation boundary. 

• Raise boring: A technique 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. 

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

Concept Check Questions [Series 3] 

Objective questions 

1. Define tunnelling in mining. (Linked to SLO 3.1) 

2. What does ANFO stand 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 Basic response: 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 Oil. 

3. Drill jumbo. 

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] 

• Tunnelling is the creation of horizontal passages to access ore bodies. 

• Functions include haulage, ventilation, drainage, and exploration. 

• Drainage tunnels remove water inflows. 
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• Geological conditions influence tunnelling design. 

• Reinforced supports stabilise weak rock formations. 

• Drilling equipment includes jackhammers and drill jumbos. 

• Drilling patterns arrange holes for efficient blasting. 

• Parameters include hole diameter and spacing. 

• PPE protects workers from hazards. 

• Dust suppression is a safety measure. 

• Blasting is the controlled use of explosives to fracture rock. 

• Explosives include ANFO and emulsion. 

• ANFO stands for Ammonium Nitrate Fuel Oil. 

• Delay detonators control timing of blasts. 

• Control measures include vibration monitoring. 

• Sequential planning coordinates tunnelling, drilling, and blasting. 

• Cost optimisation balances productivity and affordability. 

• Reducing overbreak prevents unnecessary rock breakage. 

• Dust suppression is an environmental measure. 

• PPE use is a safety management practice. 

References and Attributions [Series 3] 

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

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

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

• Figure 3.2 Types of drilling equipment: Suggested AI prompt “Diagram of jackhammer drill 
jumbo rotary drill percussive drill”. 

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

• Box 3.2 Safety measures in drilling: Suggested AI prompt “Table summarising safety 
measures in drilling operations underground mining”. 
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• Figure 3.3 Principles of rock blasting: Suggested AI prompt “Diagram of blasting sequence 
drilling holes charging explosives detonation”. 

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

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

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

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

• Box 3.4 Environmental and safety management: Suggested AI 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 4.1.2 Common 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 4.2.3 Installation 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 
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o 4.3.3 Evacuation procedures and refuge chambers 

• 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: 

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

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

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

• 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. 

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

Diagram showing the importance of safety in mining (workers, equipment, environment). Caption: 
Figure 4.1 Importance of safety in mining operations  



 

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

 

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. 

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

• Flooding: Water inflows can endanger workers and damage equipment. 

• Machinery accidents: Heavy equipment poses risks if not properly operated. 

• Dust and noise: Long-term exposure can lead to respiratory and hearing problems. 

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

Image showing miners working underground with 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. 

Fill in the blank: Regular safety _______ help workers practice emergency response procedures. 

Box 4.1: Elements of a strong safety culture in mining  

 

Pilot questions 4.1 

1. Why is safety important in mining operations? 

2. Name two common hazards in underground mines. 

3. What gases can accumulate underground and cause explosions? 

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 

Mine support systems are essential for stabilising underground excavations and preventing 
collapses. Common types include: 
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• Timber supports: Traditional supports made from wood, used in small-scale or temporary 
workings. 

• Steel supports: Strong and durable, suitable for permanent excavations. 

• Concrete supports: Provide long-term stability, often used in shafts and tunnels. 

• 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. 

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

• Understanding geological conditions and stress distribution. 

• Installing supports to resist rock movement. 

• Monitoring ground behaviour with instruments. 

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

Fill in the blank: The science of managing rock pressure and stability in underground excavations is 
called ground _______. 

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 properly installed and regularly maintained to remain effective. Key steps 
include: 

• Correct placement of supports according to excavation design. 

• Regular inspection for wear, corrosion, or damage. 

• Reinforcement or replacement when necessary. 

• Integration with monitoring systems to detect instability early. 

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

Fill in the blank: Regular _______ of support systems ensures they remain effective and safe. 
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Box 4.2: Installation and maintenance practices for mine support systems  

 

Pilot questions 4.2 

1. Name two types of mine support systems. 

2. What is the purpose of ground control in mining? 

3. Why are powered supports important in modern mining? 

4. State one principle of ground control. 

5. 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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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: 

• Using fire-resistant materials in supports and equipment. 

• Installing fire detection and suppression systems. 

• Training workers in fire response protocols. 

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

Fill in the blank: Installing fire detection and _______ systems helps prevent underground mine fires. 
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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. 

Fill in the blank: Safe havens underground equipped with oxygen and communication systems are 
called refuge _______. 
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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. What is 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 _______. 



 

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

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: 

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

• 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. 

Fill in the blank: Systems that detect dangerous gases in mines are called gas _______ systems. 
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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—it requires 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. 

Fill in the blank: Regularly reviewing safety policies and updating equipment is part of continuous 
_______ in safety management. 
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Box 4.4: Continuous improvement practices in mine safety management  

 

Pilot questions 4.4 

1. What is risk 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. 



 

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

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 

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

• Hazard identification: Recognising potential dangers in mining operations. 

• Mine rescue operations: Specialised procedures to save workers trapped or injured 
underground. 

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

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

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

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

• Seismic monitoring: Detecting ground movement and potential rock bursts. 

• Ventilation monitoring: Ensuring airflow is adequate and safe in underground mines. 

Concept Check Questions [Series 4] 

Objective questions 

1. Define ground control in 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 Basic response: 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 Basic response: Learners should explain hazard identification, gas detection, 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 control is 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. Rock falls. 

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. 
Advanced responses may include worker participation and continuous education. 

9. Monitoring and 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] 

• Safety protects workers and reduces downtime. 

• Hazards include rock falls and gas emissions. 

• Methane and carbon monoxide are hazardous gases. 

• Training programs prepare workers for emergencies. 

• Safety drills reinforce emergency response. 
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• Timber and steel are types of supports. 

• Ground control manages rock pressure and stability. 

• Powered supports stabilise modern mechanised mines. 

• Maintenance ensures supports remain effective. 

• Mine rescue operations save trapped workers. 

• Fire detection systems prevent underground fires. 

• Fires are dangerous due to confined spaces. 

• Refuge chambers provide safe havens. 

• Evacuation routes must be clear and ventilated. 

• Risk assessment evaluates hazard severity. 

• Gas detection systems identify dangerous gases. 

• Seismic monitoring detects ground movement. 

• Continuous improvement updates safety policies. 

• Ventilation monitoring ensures airflow safety. 

References and Attributions [Series 4] 

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

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

• Box 4.1 Safety culture: Suggested AI prompt “Table summarising elements of safety culture 
and training in mining”. 

• Figure 4.2 Types of supports: Suggested AI prompt “Diagram of timber steel concrete 
powered supports in mining”. 

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

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

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



 

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

• Plate 4.3 Fire prevention: Suggested AI prompt “Image of fire detection suppression 
systems underground mining”. 

• Box 4.3 Refuge chambers: Suggested AI prompt “Table summarising evacuation 
procedures and refuge chamber features in mining”. 

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

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

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

• Open Educational Resource (OER) search strings were provided for each illustration 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 

• 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 

• 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 with field practice, highlighting real-time monitoring and future trends. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 describe the categories of mining software tools and their applications, 

• SLO 5.2 apply software tools to mine design, simulation, and data analysis, 

• SLO 5.3 develop practical projects using mining software and evaluate case studies, 

• 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. 

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: 

• 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. 

• 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: 

• Increased accuracy in mine planning and design. 

• Faster decision-making through simulations and data analysis. 

• Improved safety monitoring and hazard detection. 

• Enhanced productivity and cost efficiency. 

Limitations: 

• High initial cost of software and training. 

• Dependence on accurate input data. 

• Requires skilled operators to interpret results correctly. 

• May not fully capture unpredictable geological conditions. 

Fill in the blank: One limitation of mining software is its dependence on accurate _______ data. 
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Box 5.1: Benefits and limitations of mining software use  

 

Pilot questions 5.1 

1. What is 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 

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 
are implemented 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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Fill in the blank: Software that models airflow and gas dispersion in mines is called _______ 
simulation. 

Image showing simulation outputs for drilling, blasting, and ventilation. Caption: Plate 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: 

• Tracking gas levels and seismic activity. 

• Analysing equipment performance and downtime. 

• Generating productivity and safety compliance reports. 

Fill in 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. What is 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. 

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

Diagram showing 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: 

• Using simulation software to optimise blasting in a gold mine. 

• Applying monitoring software to detect gas emissions in coal mines. 

• 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. 

Fill in the blank: Case studies demonstrate the practical _______ of software in mining operations. 

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. 

Fill in 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. What is 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. 

Fill in the blank: Validating software outputs against actual site data ensures _______ in mining 
operations. 
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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. 

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

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: 

• High costs of acquisition and training. 

• Dependence on accurate geological data. 

• Integration difficulties with legacy systems. 

Future trends include: 

• Greater use of AI and machine learning for predictive modelling. 

• Enhanced cloud-based platforms for collaborative work. 

• Improved automation and IoT integration for smart mining. 

Fill in the blank: Future mining software trends include greater use of _______ and machine 
learning. 

Box 5.4: Challenges and future trends in mining software applications  

 

Pilot questions 5.4 

1. Why is it important to validate software outputs with field measurements? 

2. Name one benefit of using monitoring systems in real-time. 

3. State one challenge of mining software applications. 

4. What future trend involves predictive modelling? 

5. How does IoT 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 AI, IoT, 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 

• 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. 

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

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

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

• IoT integration: Use of connected devices and sensors to enhance mining software 
applications. 

• Predictive modelling: Using AI and machine learning to forecast mining outcomes. 

Concept Check Questions [Series 5] 

Objective questions 

1. What is the 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 is it important 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 Basic response: 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 Basic response: Learners should explain how projects apply theory to practice. 

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

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. AI and machine learning. 

5. Increased accuracy in mine planning. 

6. Designing a mine layout using CAD tools. 

7. Validation ensures 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. 

• Categories include design and simulation software. 

• CAD-based tools are used for mine layout. 
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• Benefits include improved safety monitoring. 

• Limitations include dependence on accurate input data. 

• CAD-based tools design mine layouts. 

• Simulation software models drilling, blasting, and ventilation. 

• Blasting simulation predicts fragmentation and vibration. 

• Data analysis software tracks safety indicators. 

• Project-based learning develops problem-solving skills. 

• Case studies show practical value of software. 

• Collaborative projects encourage teamwork. 

• Presentations enhance communication. 

• Validating outputs ensures accuracy. 

• Monitoring systems provide real-time data. 

• Challenges include high costs and integration issues. 

• Future trends include AI and machine learning. 

• IoT integration improves smart mining applications. 

References and Attributions [Series 5] 

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

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

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

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

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

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

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

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

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

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

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

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

 

 


