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Series 1: Rock Properties and Drilling Techniques
Series outline
e Part 1: Rock Characteristics and Drillability
o Sub-Part 1.1: Engineering properties of rock material
o Sub-Part 1.2: Rock drillability and blastability
e Part 2: Theories and Methods of Rock Penetration

o Sub-Part 2.1: Classification of drilling and penetration methods
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o Sub-Part 2.2: Theories of rock penetration

o Sub-Part 2.3: Rotary, percussive, rotary-percussive, and thermal drilling
e Part 3: Drill Bits and Core Recovery

o Sub-Part 3.1: Types of drill bits and their applications

o Sub-Part 3.2: Diamond drilling and core recovery
e Part4: Bench Drilling Parameters and Equipment Choice

o Sub-Part4.1: Basic parameters affecting bench drilling (bench height, burden,
spacing, drilling pattern)

o Sub-Part4.2: Choice of drilling equipment

Introduction

Drilling into rock is one of the most fundamental activities in mining and excavation engineering.
The ability of engineers to predict how rockswill respond to drilling and blasting operations is
crucial for achieving efficiency, safety, and cost-effectiveness. By studying the properties of rocks
and the techniques used to penetrate them, learners will gain insight into the science and practice
that underpin the entire course.

The aim of this Series is to equip you with the knowledge and skills needed to analyse rock
characteristics, apply theories of penetration, and evaluate drilling methods and equipment
choices.

We shall commence this Series by examining the engineering properties of rock materials and their
influence on drillabilityand blastability. Next, we will explore the theories and methods of rock
penetration, including rotary, percussive, rotary-percussive, and thermal drilling. Following that,
we will consider the types of drill bits and their applications, with special attention to diamond
drilling and core recovery. Finally, we will wrap up by studying the basic parameters affecting
bench drilling and.the criteria for selecting suitable drilling equipment.

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

o SLO 1.1 define the engineering properties of rock material and explain their influence on
drillability and blastability,

e SLO 1.2 classify drilling and penetration methods and analyse the theories of rock
penetration,

e SLO 1.3 describe the types of drill bits and demonstrate how diamond drilling facilitates
core recovery,
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e SLO 1.4 evaluate bench drilling parameters and apply criteria for choosing appropriate
drilling equipment.

1.1 Rock Characteristics And Drillability
1.1.1 Engineering properties of rock material

When we speak of engineering properties of rock material, we refer to measurable attributes
such as hardness, strength, porosity, and elasticity. These properties determine how easily a rock
can be drilled or blasted. For example, hard igheous rocks like granite require more energy to
penetrate compared to softer sedimentary rocks such as limestone. The ability to predict these
behaviours allows engineers to design efficient drilling operations.

Fillin the blank: The of arock refers to its ability to resist penetration or scratching.
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Diagram showing comparative hardness of common rock types Caption: Figure 1.1 Comparative
hardness of selected rock types

1.1.2 Rock drillability and blastability

Drillability is the ease with which a rock can be penetrated by a drill bit, while blastability refers to
how effectively a rock can be fragmented by explosives. Both are influenced by rock texture, grain
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size, and natural discontinuities such as joints and fractures. For instance, a rock with many
fractures may be easier to blast but more difficult to drill consistently.

Fillin the blank: The ease with which a rock can be fragmented by explosives is termed
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Pilot questions 1.1
1. Which property of rock material determines its resistance to penetration?
2. Define drillability in your own words.
3. Whatis blastability and how does it differ from drillability?
4. Name two rock characteristics that influence blastability.

5. Why might fractured rocks be easier to blast but harder to drill?

1.2 Theories And Methods Of Rock Penetration
1.2.1 Classification of drilling and penetration methods

Drilling methods can be classified based on the mechanism used to break rock. The most common
categories are rotary drilling, which uses continuous rotation of a drill bit to cut rock, percussive
drilling, which relies on repeated impacts to fracture rock, rotary-percussive drilling, which
combines rotation and impact, and thermal drilling, which uses heat to weaken or melt rock. Each
method has advantages depending on rock type, depth, and operational requirements.

Fillin the blank: The drilling method that combines rotation and impact is called drilling.
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CLASSIFICATION OF DRILLING METHODS
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Diagram showing classification of drilling metheds Caption: Figure 1.2 Classification of drilling and
penetration methods

1.2.2 Theories of rock penetration

The theories of rock penetration explain how energy is transferred from drilling equipment to the
rock surface. In rotary drilling, cutting’action is achieved through shear stress, while in percussive
drilling, compressive stress from repeated impacts causes fracture. Rotary-percussive drilling
combines both'shearand compressive stresses, making it effective for medium-hard rocks.
Thermal drilling applies heat to induce thermal stress, which weakens the rock structure.

Fillin the blank: In percussive drilling, rock breakage occurs primarily due to stress.
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ROCK PENETRATION:
COMPARING ROTARY AND PERCUSSIVE DRILLING STRESSES
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Diagram illustrating stress distribution in rotary and percussive drilling Caption: Figure 1.3 Stress
distribution in rotary and percussive drilling

1.2.3 Rotary, percussive, rotary-percussive, and thermal drilling

Rotary drilling is widely used in soft to medium rocks, where a rotating bit grinds the surface.
Percussive drilling is suitable for hard rocks, as repeated hammering fractures the material.
Rotary-percussive drilling is versatile, combining rotation and impact to handle a range of rock
types. Thermal drilling is less common but useful in specialised applications, such as cutting
through extremely hard or brittle rocks, by applying intense heat.

Fillin the blank: The drilling method most suitable for soft rocks is drilling.
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COMMON TYPES OF DRILLING RIGS
IN MINING & CONSTRUCTION
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Image showing different drilling rigs for rotary, percussive, and rotary-percussive methods Caption:
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Plate 1.1 Drilling rigs for rotary, percussive, and rotary-percussive methods

Pilot questions 1.2
1. Listthe four main classifications of drilling methods.
2. Which type of stress is dominant in rotary drilling?
3. Explain how rotary-percussive drilling combines two mechanisms of rock breakage.
4. Whatis the primary advantage of thermal drilling?

5. Which drilling method would be most effective for hard igneous rocks?

1.3 Drill Bits And Core Recovery
1.3.1 Types of drill bits and their applications

A drill bit is the cutting tool attached to the end of a drill string, designed to penetrate rock by
cutting, grinding, or crushing. Drill bits vary in shape, size, and material depending on the type of
rock and the drilling method. Common types include drag bits, roller cone bits, and diamond bits.
Drag bits are suitable for soft formations, roller cone bits are effective in medium to hard rocks, and
diamond bits are used for very hard and abrasive formations. Selecting the right bit ensures
efficiency and reduces wear on equipment.

Fillin the blank: The drill bit most suitable for very hard and abrasive formations is the bit.
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COMMON TYPES OF DRILL BITS AND THEIR APPLICATIONS
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Diagram showing different types of drill bits'Caption: Figure 1.4 Types of drill bits used in drilling
operations

1.3.2 Diamond drilling and core recovery

Diamond drilling uses a drill bit embedded withindustrial diamonds to cut through hard rock. This
method is particularly valuable in exploration because it produces a cylindrical sample known as a
core. A core provides direct evidence of the rock’s structure, composition, and mineral content,
which is essential for geological analysis. Core recovery refers to the process of retrieving these
samples intact. High-quality core recovery allows engineers and geologists to evaluate rock
properties accurately and make informed decisions about mining or construction projects.

Fillin the blank: Thecylindrical sample obtained during diamond drilling is called a
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Image showing diamond drilling equipmentand recovered core samples Caption: Plate 1.2
Diamond drilling rig and core samples

Pilot questions 1.3
1. What s the primary function of a drill bit?
2. Which type of drill bitis most effective in soft formations?
3. _Explain'why diamond drilling is particularly valuable in exploration.
4. Whatisa core and why is it important in geological analysis?

5. How does selecting the right drill bit improve efficiency in drilling operations?

1.4 Bench Drilling Parameters And Equipment Choice
1.4.1 Basic parameters affecting bench drilling

Bench drilling is a fundamental operation in surface mining and excavation. The efficiency of
drilling depends on several parameters, which are measurable factors that influence the outcome
of the operation. The most important parameters include bench height, which is the vertical
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distance of the bench face, burden, which is the distance between the blast hole and the free face,
spacing, which is the distance between adjacent holes, and the drilling pattern, which is the
arrangement of holes to achieve the desired fragmentation.

For example, a high bench height may require deeper holes and stronger explosives, while
incorrect burden or spacing can lead to poor fragmentation or excessive ground vibration. The
drilling pattern must be carefully designed to balance safety, efficiency, and cost.

Fillin the blank: The distance between a blast hole and the free face is called
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Diagram showing bench drilling parameters (bench height, burden, spacing, drilling pattern)
Caption: Figure 1.5 Bench drilling parameters in surface mining

1.4.2 Choice of drilling equipment

The choice of drilling equipment depends on rock type, bench dimensions, and operational
requirements. Equipment ranges from light portable drills for small-scale operations to heavy
rotary drills for large open-pit mines. Factors such as penetration rate, hole diameter, maintenance
needs, and cost must be considered. For instance, percussive drills are effective in hard rocks,
while rotary drills are more suitable for softer formations. Selecting the right equipment ensures
safety, reduces downtime, and improves productivity.

Fillin the blank: The type of drill most suitable for hard rocks is the drill.
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OER IMAGES

PORTABLE DRILL: Handheld Pneumatic Drill, ROTARY DRILL: Large track-mounted rig, PERCUSSIVE DRILL: Track-mounted.drill,
used for exploration and small-scale blasting  uses continuous rotation and down pressure  uses rapid hammer impacts combined with
in underground mining. Compact, flexible, to crush rock. |deal for large diameter rotation to fracture rock. Efficient for
operated manually. holes in open-pit mining. hard rock drilling.

Image showing different types of drilling equipment (portable drill, rotary drill, percussive drill)
Caption: Plate 1.3 Types of drilling equipment used in mining operations

Pilot questions 1.4
1. Define bench height in the context of drilling.
2. Whatis burden and whyiis.it important in blasting operations?
3. Explain how spacing influences fragmentation results.
4. What factors should be considered when selecting drilling equipment?

5. Which type of drillis most effective in hard rock formations?

Series Summary

This Series has introduced you to the fundamental aspects of rock properties and drilling
techniques; which form the foundation of excavation engineering. We began by examining the
engineering properties of rock materials and their influence on drillability and blastability. Then we
explored the theories and methods of rock penetration, considering rotary, percussive, rotary-
percussive, and thermal drilling. Following that, we studied the types of drill bits and their
applications, with particular focus on diamond drilling and the importance of core recovery. Finally,
we discussed the basic parameters affecting bench drilling and the criteria for selecting
appropriate drilling equipment.
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By engaging with these topics, you should now be able to define and explain rock properties,
classify drilling methods, describe drill bits and core recovery, and evaluate bench drilling
parameters and equipment choices. In doing so, you have achieved the Series Learning Outcomes
(SLOs), equipping you with practical and analytical skills that will support your progress in the
wider course.

Glossary of Terms
¢ Blastability: The ease with which a rock can be fragmented by explosives.
e Bench height: The vertical distance of the bench face in surface mining.
e Burden: The distance between a blast hole and the free face.

e Core: Acylindrical sample of rock obtained through diamond drilling, used for geological
analysis.

e Diamond drilling: A drilling method that uses industrial diamonds embedded in the bit to
cut through hard rock.

e Drill bit: The cutting tool attached to the end of a drill string; designed to penetrate rock.
o Drillability: The ease with which.a rock can be penetrated by a drill bit.

e Drilling pattern: The arrangement of blast holes to achieve desired fragmentation.

e Percussive drilling: A drilling method thatrelies on repeated impacts to fracture rock.

¢ Rotary drilling: A drilling method that uses continuous rotation of a drill bit to cut rock.

¢ Rotary-percussive drilling: A drilling method that combines rotation and impact for rock
penetration.

e Spacing: The distance between adjacent blast holes.

¢ Thermaldrilling: A drilling method that uses heat to weaken or melt rock.
Concept Check Questions [Series 1]
Objective questions

1. Which drilling method is most suitable for soft rocks? (Linked to SLO 1.2)

2. Thecylindrical sample obtained during diamond drilling is called a . (Linked to SLO
1.3)
3. The distance between adjacent blast holes is known as . (Linked to SLO 1.4)

Short-answer questions

4. Define drillability and explain how it differs from blastability. (Linked to SLO 1.1)
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5. Whatis the primary advantage of rotary-percussive drilling compared to rotary drilling?
(Linked to SLO 1.2)

Long-answer questions

6. Analyse the importance of selecting the correct drill bit for different rock formations, and
discuss how this choice influences efficiency and safety. (Linked to SLO 1.3)

7. Evaluate the role of bench drilling parameters in achieving effective fragmentation and
minimising environmental disturbances. (Linked to SLO 1.4)

Answers to Concept Check Questions [Series 1]
Objective questions

1. Rotarydrilling.

2. Core.

3. Spacing.
Short-answer questions

4. Dirillability is the ease with which a rock ean be penetrated by a drill bit, while blastability is
the ease with which a rock can be fragmented by explosives.

5. Rotary-percussive drilling combines rotation and.impact, making it more effective in
medium-hard rocks compared to rotary drilling, which relies only on shear stress.

Long-answer questions

6. Basicresponse: Selecting the correct drill bit ensures efficient penetration and reduces
wear on equipment. For example, drag bits are suitable for soft rocks, roller cone bits for
medium-hard rocks, and diamond bits for very hard formations. Value-added response:
Beyond efficiency, the choice of drill bit also influences safety, cost, and the quality of core
recovery. Using an inappropriate bit may lead to equipment failure, poor sample quality, or
unsafe drilling conditions.

7./ Basicresponse: Bench drilling parameters such as bench height, burden, spacing, and
drilling pattern determine fragmentation quality and blasting efficiency. Value-added
response: Properly designed parameters also minimise ground vibration, reduce fly rock,
and improve environmental safety. Engineers must balance technical requirements with
environmental and economic considerations.

Answers to Pilot Questions [Series 1]

Part 1: Hardness, drillability, blastability, texture and fractures, fractured rocks easier to blast but
harder to drill. Part 2: Rotary, percussive, rotary-percussive, thermal; shear stress; combines shear
and compressive stresses; applies heat to weaken rock; percussive drilling for hard igheous rocks.
Part 3: Cutting tool; drag bit; produces core samples; cylindrical sample; efficiency and reduced
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wear. Part 4: Vertical distance of bench face; burden; spacing influences fragmentation;
penetration rate, hole diameter, cost; percussive drill.

References and Attributions [Series 1]

o Figure 1.1 Comparative hardness of selected rock types. Suggested Al prompt: “Create a
labelled diagram comparing hardness of granite, limestone, and sandstone using Mohs
scale.” Search string: “Mohs hardness scale diagram OER.”

e Figure 1.2 Classification of drilling and penetration methods. Suggested Al prompt: “Create
a flowchart showing rotary, percussive, rotary-percussive, and thermal drilling methods.”
Search string: “classification of drilling methods flowchart OER.”

e Figure 1.3 Stress distribution in rotary and percussive drilling. Suggested Al prompt:
“Generate a labelled diagram showing shear stress in rotary drillingand compressive stress
in percussive drilling.” Search string: “rock penetration stress distribution diagram OER.”

o Figure 1.4 Types of drill bits used in drilling operations. Suggested Al prompt: “Create a
labelled diagram showing drag bit, roller cone bit, and diamond bit with their applications.”
Search string: “types of drill bits diagram OER.”

¢ Plate 1.2 Diamond drilling rig and core samples. Suggested Al prompt: “Provide an image of
a diamond drilling rig with recovered cylindrical core samples.” Search string: “diamond
drilling rig core samples OER images.”

e Figure 1.5 Bench drilling parameters in surface mining. Suggested Al prompt: “Create a
labelled diagram showing bench height, burden, spacing, and drilling pattern in bench
drilling.” Search string: “bench drilling parameters diagram OER.”

e Plate 1.3 Types of drilling equipment used in mining operations. Suggested Al prompt:
“Provide images of portable drill, rotary drill, and percussive drill used in mining
operations.” Search string: “types of drilling equipment mining OER images.”

o Box 1.1 Factors influencing drillability and blastability. Suggested Al prompt: “Generate a
simple infographic listing factors affecting drillability and blastability in rocks.” Search
string: “rock drillability blastability factors OER.”

Series 2: Drilling Equipment And Operations

Series outline

e Part2.1: Components of drilling equipment

-
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o Sub-Part2.1.1: Drilling rods and bits
o Sub-Part2.1.2: Couplings and pistons
o Sub-Part 2.1.3: Manufacturing processes of components
e Part 2.2: Handling and maintenance of drilling equipment
o Sub-Part2.2.1: Safe handling practices
o Sub-Part2.2.2: Routine maintenance procedures
o Sub-Part2.2.3: Troubleshooting common equipment problems
o Part2.3: Selection and application of drilling equipment
o Sub-Part 2.3.1: Criteria for equipment selection
o Sub-Part 2.3.2: Matching equipment to rock type and drilling method

o Sub-Part 2.3.3: Case applications in mining and construction

Introduction

Drilling equipment forms the backbone of excavation engineering, as it provides the means to
penetrate rock efficiently and safely. Without reliable equipment, even the most carefully designed
drilling patterns or blasting plans cannot be executed effectively. Understanding the components,
handling practices, and selection criteria for drilling equipment is therefore essential for engineers
and technicians working in mining.and construction.

The aim of this Series is to enable you to analyse the components of drilling equipment, apply safe
handling and maintenance practices, and evaluate criteria for selecting suitable equipment for
different operational contexts.

We shall commence this Series by studying the components of drilling equipment, including rods,
bits, couplings, and pistons, as well as their manufacturing processes. Next, we will move on to
handling.and maintenance, where you will learn safe practices, routine procedures, and
troubleshooting methods. Finally, we will conclude by examining the selection and application of
drilling equipment, focusing on how to match equipment to rock types and drilling methods,
supported by case applications in mining and construction.

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

e SLO 2.1 describe the main components of drilling equipment and explain their
manufacturing processes,

e SLO 2.2 demonstrate safe handling practices and apply routine maintenance procedures

-
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e SLO 2.3 analyse common equipment problems and propose effective troubleshooting
measures,

e SLO 2.4 evaluate criteria for selecting drilling equipment and apply them to match
equipment with rock types and drilling methods.

2.1 Components Of Drilling Equipment
2.1.1 Drilling rods and bits

Drilling rods are long, cylindrical steel components that transmit rotationaland percussive energy
from the drilling machine to the drill bit. They are designed to withstand high stress and wear during
drilling operations. Drill bits, on the other hand, are the cutting tools attached to the end of the
rods, responsible for penetrating the rock. The efficiency of drilling depends onthe compatibility
between rods and bits, as well as the quality of materials used intheir manufacture.

Fillin the blank: The cutting tool attached to the end of a drilling rod’is called a

DRILLING RODS AND DRILL BITS: COMPONENT ASSEMBLY AND CONNECTION

DRILL RIG A ROD-TO-ROD CONNECTION ROD-TO-ROD CONNECTION
(ROTARY HEAD) (EXPLODED VIEW) (ASSEMBLED VIEW)
PIN END ?
DRILL ROD (SUB) — —
h U
PIN BOX END AP| THREADED CROSS SECTION:
CONNECTION FLUSH JOINT

«— DRILL ROD
DRILLROD (1) ——> (3m length)

ROD-TO-BIT CONNECTION

PIN
— - —> Gan
-'- k =

THREADED
CONNECTION —>
(BOX)

CONNECTION —» BTSUB  THREADED SHANK
(PIN)
TRICONE BIT DRAG BIT PDC (POLYCRYSTALLINE

STABILIZER ——
(optional)

DRILL BIT
DRILL BIT —»& (TRICONE)

EDUCATIONAL MATERIAL | DRILLING TECHNOLOGY

DIAMOND COMPACT) BIT
CUTTING ¢
TEETH BLADES

BEARING
CUTTING
NOZZLE EDGES

DIAMOND
CUTTERS

Diagram showing drilling rods and bits in assembly Caption: Figure 2.1 Drilling rods and bits used in
rock penetration

2.1.2 Couplings and pistons

Couplings are mechanical connectors used to join two drilling rods together, ensuring continuity of
energy transfer. They must be strong and precisely manufactured to prevent energy loss or
misalignment. Pistons are components within percussive drilling systems that deliver repeated
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impacts to the drill bit, causing rock fracture. Together, couplings and pistons play a vital role in
maintaining drilling efficiency and reducing mechanical wear.

Fillin the blank: The component that delivers repeated impacts to the drill bit in percussive drilling
is the

PERCUSSIVE DRILLING: COUPLING AND IMPACT MECHANISM

HYDRAULIC

MOTOR TOP SuB COUPLING SLEEVE ROD PINEND THREADED
.I-' :| CONNECTION
| W

ROTATION GEAR - ROTATION GEAR H

PISTON

DIRECTION OF IMPACT FORCE . — = Y
TIGHTENING UNCOUPLING
TRAVEL FLOW DELIVERY DIRECTION  SEAL  "DIRECTION

STRIKER BAR

SHANK ADAPTER THREADED COUPLING (CLOSE-UP)

THREADED e
COUPLING
COUPLINGS w\ B IMPACT TRANSMISSION
DRILL RODS i— DRILLROD 2 & g AC
! MPACT
WAVE : JOINT EFFICIENCY
0 100 200km DRILL ROD ) :::
——— ] /FLUSHING MEDIUM FLOW i
B Piston ROCK CUTTING 04 / TRICONE DRILL BIT PISTON STRIKES IMPACT WAVE IMPACT ViAVE
B Striker Bar — ACTION e STRIKER BAR THROUGH RODS ATBIT J
&= Orill Rods e . B
B Coupling [ 1 ) ‘] 9‘5’5

MATERIAL

Diagram showing couplings and piston mechanism in percussive drilling Caption: Figure 2.2
Couplings and piston mechanism in drilling equipment

2.1.3 Manufacturing processes of components

The manufacturing processes of drilling components involve forging, machining, and heat
treatment. Forging ensures strength by shaping steel under high pressure, machining provides
precision in dimensions, and heat treatment enhances durability by improving hardness and
toughness. High-quality manufacturing is essential because poorly made components can fail
under stress, leading todowntime and safety hazards.

Fillin the blank: The process used to improve hardness and toughness of drilling components is
called treatment.
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MANUFACTURING PROCESSES FOR DRILLING COMPONENTS

OER INFOGRAPHIC | ESSENTIAL STEPS

.
&-I - &

HEATING IMPACT/PRESS ROUGH SHAPE ROUGH Pﬁfgﬁ:‘%" THREADCUT CUTTING FINAL COMPONENT ~ HEATINGIN  QUENCHING  TEMPERING
STEEL BILLET FORGING PRODUCED FORGING ris (MILLING)  TOLERANCES FURNACE  (OIL/WATER)
PROCESS: Metal is heated and compressed PROCESS: Material is removed using cutting " PROCESS: Controlled heating and cooling
to achieve a dense, strong grain structure. tools to achieve exact dimensions and features. | | processes to alter the metal's microstructure.
 [MPROVES STRENGTH & DURABILITY * CREATES THREADS, SPLINES, & HOLES o INCREASES HARDNESS & WEAR RESISTANCE | |
« REDUCES MATERIAL WASTE « TIGHT TOLERANCES * IMPROVES TOUGHNESS

| o CREATES INITIAL GEOMETRY » REMOVES EXCESS MATERIAL  STRESS RELIEVING
OSSO — -
LEARNING OBJECTIVES: UNDERSTAND THE PRODUCTION OF CRITICAL DRILLING TOOLS CREATED BY [OER PARTNER LOGO/NAME] | LICENSED UNDER CC-BY-SA

Box 2.1 Key manufacturing processes of drilling components

Pilot questions 2.1
1. Whatis the primary function of drilling rods?
2. Define adrill bit and explainiits role in drilling operations.
3. Whatis the purposeof couplingsindrilling equipment?
4. Which component delivers repeated impacts in percussive drilling?

5. Name three manufacturing processes used in producing drilling components.

2.2 Handling And Maintenance Of Drilling Equipment
2.2.1 Safe handling practices

Safe handling of drilling equipment is essential to prevent accidents and ensure long-term
reliability. Operators must always wear protective gear such as helmets, gloves, and boots, and
follow established procedures when assembling or dismantling equipment. Heavy components
like rods and couplings should be lifted using mechanical aids rather than manual effort to avoid
injury. Proper storage of equipmentin dry, secure areas also reduces the risk of corrosion and
mechanical failure.

Fill in the blank: Heavy drilling components should be lifted using aids rather than manual
effort.
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Image showmg safe handling of drilling rods with mechanlcal l|ft|ng aids Captlon Plate 2. 1 Safe
handling practices for drilling equipment

2.2.2 Routine maintenance procedures

Routine maintenance ensures thatdrilling equipment remains in optimal condition. This includes
regular lubrication of moving parts, inspection of rods and bits for wear, and replacement of
damaged couplings or pistons. Maintenance schedules should be strictly followed to minimise
downtime and extend equipment lifespan. Neglecting maintenance often leads to costly repairs
and unsafe working conditions.

Fillin the blank: Regular of moving parts is a key aspect of routine maintenance.
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ROUTINE DRILLING EQUIPMENT MAINTENANCE: LUBRICATION, INSPECTION, & REPLACEMENT

1. LUBRICATION: REDUCING FRICTION & WEAR 2. INSPECTION: DETECTING ISSUES EARLY 3. REPLACEMENT: MAINTAINING PERFORMANCE
- DAILY CHECKS VISUAL & NDT CONSUMABLE PARTS
' T
CROWN BLOCK  GEAR PUMP  MUD PUMP MY <
SHEAVE TOPDRIVE ~ BEARING BROKEN STRANDS ULTRASONIC TEST WORN TRICONE BIT REPLACE DRIVE BELT
APPLY GREASE TO CROWN BLOCK CHECK WIRE ROPE INTEGRITY REPLAGE WORN DRILL BITS
LURCATE WD P NS EXAMINE HVORALLICHOSES FOR LENS HNSTALLEN VBT
g STRUCTURAL CHECKS » CRITICAL COMPONENTS
ﬁ% MAST WELD g
[ INSPECTION
REPLACE SWIVEL PACKING
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EUMPONENT LIFE OVERHEATING J1E CATASTRUPHIC FAILURE SAFETY J EFFICIENCY DOWNTIME )
OER EDUCATIONAL MATERIAL © @ L2 DRILLING TECHNOLOGY MAINTENANCE MODULE

Diagram showing routine maintenance steps for drilling equipment Caption: Figure 2.3 Routine
maintenance procedures for drilling equipment

2.2.3 Troubleshooting common equipment problems

Troubleshooting involves identifying.and resolving issues that arise during drilling operations.
Common problems include excessive wear of drill bits, misalignment of rods, and piston
malfunction. Operators must learn to recognise early warning signs such as unusual vibrations,
reduced penetration rates, or abnormal noise. Prompt troubleshooting prevents minor issues from
escalating into major breakdowns.

Fillin the blank: Unusual during drilling may indicate misalignment or mechanical failure.
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TROUBLESHOOTING COMMON DRILLING EQUIPMENT PROBLEMS
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DRILLING TECHNOLOGY MAINTENANCE GUIDE | CC-BY-SA

Box 2.2 Common problems and troubleshooting tips in drilling equipment

Pilot questions 2.2
1. Why is safe handling of drillingequipment important?
2. What protective gear should operators wear when handling drilling equipment?
3. Listthree routine maintenance procedures for drilling equipment.
4. What are two common signs that indicate equipment problems during drilling?

5. How does prompt troubleshooting benefit drilling operations?

2.3 Selection And Application Of Drilling Equipment
2.3.1 Criteria for equipment selection

The choice of drilling equipment depends on several criteria, including rock type, hole diameter,
penetration rate, and cost. For example, percussive drills are more effective in hard rocks, while
rotary drills are better suited for softer formations. Engineers must also consider the depth of
drilling, the required accuracy, and the availability of spare parts. Selecting equipment without
proper evaluation can lead to inefficiency, excessive wear, and safety risks.

Fillin the blank: The drilling method most suitable for softer formations is drilling.
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SELECTING THE RIGHT DRILLING EQUIPMENT: KEY FACTORS
CRITERIA FOR SELECTING DRILLING EQUIPMENT
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OER EDUCATIONAL MATERIAL | CC-BY-SA LICENSED
Diagram showing criteria for selecting drilling equipment Caption: Figure 2.4 Criteria influencing
drilling equipment selection

2.3.2 Matching equipment to rock type and drilling method

Matching equipment to the correctrock type and drilling method ensures efficiency and safety.
For instance, diamond bits are ideal forvery hard and abrasive rocks, while drag bits are suitable
for soft formations. Rotary-percussive drills are versatile and can handle medium-hard rocks
effectively. Engineers must evaluate geological conditions before deciding on equipment, as
mismatched tools‘can.cause poor penetration rates and increased operational costs.

Fillin the blank: Diamond bits are most effective when drilling through rocks.
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DRILL BITS MATCHED TO ROCK TYPES | OER EDUCATIONAL MATERIAL

EFFICIENT - CRUSHING & GRINDING &
CUTTING ACTION 8= CHIPPING ACTION ABRASION ACTION

SOFT ROCKS | Formation: Clay, shale, MEDIUM ROCKS | Formation: Limestone, HARD ROCKS | Formation: Granite, basalt, quartzite,

unconsolidated sands. medium-hard sandstone, dolomite. abrasive metamorphic rock.

Action: Shearing and scraping. Action: Crushing, chipping, and gouging. Action: Grinding and micro-abrasion.

Features: Blades (fixed cutters), no moving parts, Features: Three independently rotating cones Features: Diamond-impregnated matrix Ssurface or
large junk slots. Best for high penetration rates in with inserts, sealed bearings, circulation nozzles. matrix set), no moving parts, high durability.
non-abrasive soft formations. Versatile for varying formations. Designed for long life in very hard, abrasive rock.

SOURCE: GEOLOGICAL DRILLING TECHNOLOGY OER MODULE | CC-BY-SA 4.0
Image showing different drill bits matched to rock types Caption: Plate 2.2 Drill bits matched to
rock types and drilling methods

2.3.3 Case applications in mining and construction

In mining and construction, drillingequipment.is applied in diverse contexts. In open-pit mining,
large rotary drills are used to create blast holes for fragmentation. In tunnelling, percussive drills
are employed to penetrate hard rock faces. In water well drilling, rotary rigs are preferred for their
ability to handle softer formations. Each case demonstrates how equipment selection must align
with operational goals,geological conditions, and safety requirements.

Fillin the blank: In tunnelling operations, drills are commonly used to penetrate hard rock
faces.
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APPLICATIONS OF DRILLING EQUIPMENT: MINING, TUNNELLING, & WATER WELLS OER |
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OER EDUCATIONAL MATERIAL | LEARNING MODULE: DRILLING TECHNOLOGY | CREATED BY [0ER PARTNERLOGO] & &) @

Box 2.3 Case applications of drilling equipment in mining and construction

Pilot questions 2.3
1. What are the main criteria for selecting drilling equipment?
2. Which drilling method is most suitable for soft formations?
3. Why are diamond bits used in very hard rocks?
4. Give one example of equipment used in tunnelling operations.

5. How does matching equipment to rock type improve efficiency?

Series Summary

This'Series has focused on drilling equipment and operations, which are central to the success of
excavation engineering. We began by examining the components of drilling equipment, including
rods, bits, couplings, and pistons, as well as their manufacturing processes. Then we moved on to
handling and maintenance, where safe practices, routine procedures, and troubleshooting
methods were discussed. Finally, we explored the selection and application of drilling equipment,
considering criteria for choice, matching equipment to rock types and drilling methods, and case
applications in mining and construction.

By completing this Series, you should now be able to describe the components of drilling
equipment, demonstrate safe handling and maintenance practices, analyse common equipment
problems, and evaluate criteria for selecting suitable equipment. These achievements directly
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align with the Series Learning Outcomes (SLOs), ensuring you are equipped with practical
knowledge and skills for real-world drilling operations.

Glossary of Terms
e Coupling: A connector used to join two drilling rods together, ensuring energy transfer.

e Diamond bit: A drill bit embedded with industrial diamonds, used for very hard and
abrasive rocks.

o Drilling rod: A cylindrical steel component that transmits energy from the/drilling machine
to the drill bit.

o Drill bit: The cutting tool attached to the end of a drilling rod, responsible for penetrating
rock.

o Heat treatment: A manufacturing process used to improve hardness and toughness of
drilling components.

e Lubrication: The application of oil or grease to moving parts to reduce friction and wear.
o Percussive drill: A drilling machine that uses repeated impacts to fracture rock.

o Piston: Acomponent in percussive drilling systems that delivers repeated impacts to the
drill bit.

¢ Rotary drill: A drilling machine that uses continuous rotation of a bit to cut rock.

o Troubleshooting: The process of identifying and resolving problems in drilling equipment.
Concept Check Questions/[Series 2]
Objective questions

1. Which component connects two drilling rods together? (Linked to SLO 2.1)

2. The process used to improve hardness and toughness of drilling components is called
. (Linked to:SLO 2.1)

3.. Which type of drill is most effective in hard rocks? (Linked to SLO 2.4)
Short-answer questions

4.. Define a piston and explain its role in percussive drilling. (Linked to SLO 2.1)

5./ Listtwo routine maintenance procedures for drilling equipment. (Linked to SLO 2.2)
Long-answer questions

6. Analyse the importance of safe handling practices in preventing accidents and ensuring
equipment reliability. (Linked to SLO 2.2)

-
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7. Evaluate how matching drilling equipment to rock type improves efficiency and reduces
operational costs. (Linked to SLO 2.4)

Answers to Concept Check Questions [Series 2]
Objective questions

1. Coupling.

2. Heattreatment.

3. Percussive drill.
Short-answer questions

4. Apistonisacomponentin percussive drilling systems that delivers repeatedimpacts to the
drill bit, causing rock fracture.

5. Lubrication of moving parts and inspection of rods and bits for wear:
Long-answer questions

6. Basic response: Safe handling practices prevent accidents and protect operators from
injury. They also ensure equipment is not damaged during assembly, dismantling, or
storage. Value-added response: Beyond safety, proper handling reduces long-term wear,
minimises downtime, and ensures compliance with industry standards, contributing to
overall operational efficiency.

7. Basic response: Matching equipment to rock type ensures efficient penetration and
reduces wear on tools: Value-added response: Correct matching also lowers costs,
improves safety, and enhances productivity. For example, using diamond bits in hard rocks
prevents excessive wear and ensures high-quality core recovery.

Answers to Pilot Questions [Series 2]

Part 2.1: Transmit energy; drill bit; join rods; piston; forging, machining, heat treatment. Part 2.2:
Prevent accidents; helmets, gloves, boots; lubrication, inspection, replacement; vibrations, noise;
prevents breakdowns. Part 2.3: Rock type, hole diameter, penetration rate, cost; rotary drilling;
very-hard rocks; percussive drills; efficiency and safety.

References and Attributions [Series 2]

e Figure 2.1 Drilling rods and bits used in rock penetration. Suggested Al prompt: “Create a
labelled diagram showing drilling rods connected to drill bits in a drilling assembly.” Search
string: “drilling rods and bits diagram OER.”

e Figure 2.2 Couplings and piston mechanism in drilling equipment. Suggested Al prompt:
“Generate a labelled diagram showing couplings connecting rods and piston delivering
impact in percussive drilling.” Search string: “couplings piston drilling mechanism OER.”

-

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



e Box 2.1 Key manufacturing processes of drilling components. Suggested Al prompt:
“Create a simple infographic listing forging, machining, and heat treatment as
manufacturing processes for drilling components.” Search string: “manufacturing
processes drilling components OER infographic.”

o Plate 2.1 Safe handling practices for drilling equipment. Suggested Al prompt: “Provide.an
image of workers using mechanical lifting aids to handle drilling rods safely.” Search string:
“safe handling drilling equipment OER images.”

e Figure 2.3 Routine maintenance procedures for drilling equipment. Suggested Al prompt:
“Create a labelled diagram showing lubrication, inspection, and replacement steps in
drilling equipment maintenance.” Search string: “routine maintenance drilling equipment
diagram OER.”

e Box 2.2 Common problems and troubleshooting tips in drilling equipment. Suggested Al
prompt: “Generate a simple infographic listing common drilling equipment problems and
troubleshooting solutions.” Search string: “troubleshooting drilling equipment infographic
OER.”

e Figure 2.4 Criteria influencing drilling equipment selection. Suggested Al prompt: “Create a
labelled diagram showing rock type, hole diameter, penetration rate, and cost as criteria for
selecting drilling equipment.” Search string: “criteria.for selecting drilling equipment
diagram OER.”

o Plate 2.2 Drill bits matched to rock types and drilling methods. Suggested Al prompt:
“Provide images of drag bit for soft rocks, roller cone bit for medium rocks, and diamond bit
for hard rocks.” Search string: “drill bits matched to rock types OER images.”

o Box 2.3 Case applications of drilling equipment in mining and construction. Suggested Al
prompt: “Generate a simple infographic showing drilling equipment applications in open-
pit mining, tunnelling, and water well drilling.” Search string: “applications of drilling
equipment mining construction OER infographic.”

Series 3: Explosives Fundamentals And Classification
Series outline
e Part 3.1: Fundamentals of explosives
o Sub-Part 3.1.1: Definition and basic principles of explosives
o Sub-Part 3.1.2: Properties of explosives (strength, sensitivity, stability)

-
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o Sub-Part 3.1.3: Energy release and detonation process
o Part 3.2: Classification of explosives

o Sub-Part3.2.1: Low explosives and their applications

o Sub-Part 3.2.2: High explosives and their applications

o Sub-Part 3.2.3: Industrial explosives used in mining and construction
e Part 3.3: Explosive accessories and initiation systems

o Sub-Part 3.3.1: Detonators and fuses

o Sub-Part 3.3.2: Primers and boosters

o Sub-Part 3.3.3: Safety considerations in initiation systems
e Part 3.4: Handling, storage, and safety regulations

o Sub-Part 3.4.1: Safe handling practices for explosives

o Sub-Part 3.4.2: Storage requirements and environmental considerations

o Sub-Part 3.4.3: Regulatory frameworks and compliance in explosive use

Introduction

Explosives are at the heart of modern mining and excavation engineering, providing the energy
required to fragment rock efficiently: Their use must be carefully controlled, as they combine
immense power with significant risks. By understanding the fundamentals and classification of
explosives, learners gain the ability to select, handle, and apply them responsibly in engineering
contexts.

The aim of this Series:is to introduce you to the basic principles of explosives, explain their
classification, and highlight the accessories, initiation systems, and safety regulations that govern
their use.

We shall commence this Series by exploring the fundamentals of explosives, including their
definition, properties, and the detonation process. Next, we will examine the classification of
explosives, distinguishing between low and high explosives and their industrial applications.
Following that, we will study explosive accessories and initiation systems, such as detonators,
fuses, primers, and boosters. Finally, we will conclude with handling, storage, and safety
regulations, ensuring you understand the critical measures required for safe and compliant use of
explosives.

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

e SLO 3.1 define explosives and explain their fundamental properties and detonation
process,

e SLO 3.2 classify explosives into low and high categories and describe their industrial
applications,

e SLO 3.3 identify explosive accessories and demonstrate how initiation systems function,

e SLO 3.4 evaluate safe handling, storage practices, and regulatory requirements for
explosives.

3.1 Fundamentals Of Explosives
3.1.1 Definition and basic principles of explosives

An explosive is a chemical substance or mixture thatundergoes a rapid chemical reaction,
releasing gas, heat, and pressure. This reaction is usually triggered by an external stimulus such as
heat, shock, or friction. The sudden release of energy makes explosives useful in mining and
construction, where controlled fragmentation of rock is required. The basic principle is that stored
chemical energy is converted into mechanical work almost instantaneously.

Fillin the blank: An explosive is a chemical substance that releases , heat, and pressure
when triggered.

-
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THE BASIC PRINCIPLE OF EXPLOSIVES: ENERGY CONVERSION AND RELEASE
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PRODUCTION  GENERATION

1. GAS: Rapid expansion performs work.

EXPLOSIVE MOLECULE ~ MOLECULAR STRUCTURE
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OER EDUCATIONAL MATERIAL | PRINCIPLE OF EXPLOSIVES @I@l@ﬁ

Diagram showing the basic principle of explosive reaction Caption: Figure 3.1 Basic principle of
explosive reaction

3.1.2 Properties of explosives (strength, sensitivity, stability)
Explosives are characterised by three main properties:

e Strength: The ability of-an explosive to perform work, usually measured by the volume of
gas and energy released.

o Sensitivity: The ease with which an explosive can be initiated by heat, shock, or friction.
Highly sensitive explosives require careful handling.

e Stability: The ability of an explosive to remain unchanged under normal storage and
handling conditions. Stable explosives are less likely to deteriorate or self-initiate.

These properties determine the suitability of an explosive for specific applications. For example,
blasting in mining requires strong but stable explosives, while detonators require highly sensitive
ones.

Fillin the blank: The property that describes how easily an explosive can be initiated is called

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



* PROPERTIES OF EXPLOSIVES: STRENGTH, SENSITIVITY, & STABILITY |
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Box 3.1 Key properties of explosives

3.1.3 Energy release and detonation process

The detonation process is the rapid chemical reaction that propagates through an explosive
material at supersonic speed. Thisreaction produces high-pressure gases that expand violently,
creating a shock wave capable of breaking rock. The energy release is almost instantaneous,
distinguishing detonation from slower combustion processes. The effectiveness of detonation
depends on the explosive’s composition, confinement, and initiation method.

Fillin the blank: The rapid chemical reaction in explosives that propagates at supersonic speed is
called
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DETONATION PROCESS: EXPLOSIVE INTERACTION WITH ROCK

INITIAL STATE & DETONATION GAS EXPANSION & CRACK PROPAGATION ROCK FRAGMENTATION & HEAVING
(t=0-20ps) (t=50-500 ps) (t=1-10ms)
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— = MUCKPILE
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DETONATOR FINES \ A
SHOCK GAS-FILLED f /V
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= =) »>>| | RADIAL 't WP
| CRACKS g ez
. FACE _, ( )/ HEAVE
ROCK MASS ' S ~
- g / CRITICAL
e D'SPLACEMENT e FRAGMENTATION
/ 0 10 ms ZONE
(1. Detonation wave travels through explosive, ‘ \/ 2. High-pressure gases (P) expand, forcing | ‘(3. Gas expansion completes fragmentation.
converting it to high-pressure gas. into existing micro-fractures. Cracks Rock is displaced and heaved forward,
Shock wave initiates rock failure. | propagate outward. | | creatinga muckpile. J
| Explosive .~ Shock/Wave Rock @ 8322

Diagram showing detonation process in explosives Caption: Figure 3.2 Detonation process in
explosives

Pilot questions 3.1
1. Define an explosive in simple terms.
2. What are the three mainproperties of explosives?
3. Which property determines how easily an explosive can be initiated?
4. Explain the difference between detonation and combustion.

5. Why isstability an important property of explosives?

3.2 Classification Of Explosives
3.2.1 Low explosives and their applications

Low explosives are materials that burn rapidly rather than detonate. Their reaction is subsonic,
producing gas expansion through deflagration rather than a shock wave. They are commonly used
in applications where controlled propulsion is required, such as in firearms or pyrotechnics. In
mining, low explosives are rarely used because they lack the power needed for effective rock
fragmentation.

Fillin the blank: Low explosives release energy through rapid rather than detonation.
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COMPARISON OF DEFLAGRATION AND DETONATION: LOW VS HIGH EXPLOSIVES

1. DEFLAGRATION (LOW EXPLOSIVES)
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'&={> SLOW, LAMINAR BURNING <}=//

MECHANISM: Rapid burning, not explosion.
ENERGY RELEASE: Heat and gas, pressure buildup.
APPLICATION: Propellants, fireworks, safety fuses.
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2. DETONATION (HIGH EXPLOSIVES)

SHOCK/REACTION
FRONT (DETONATION)

e

E " B
HIGH EXPLOSIVE CHARGE
SHOCK WAVE \
INSTANTANEOUS
&/ \ﬁ REACTION

COMPRESSION

HIGH EXPLOSIVE CHARGE

MECHANISM: Supersonic shock wave.
EgaEtRGY RELEASE: Shock wave, extreme pressure,

APPLICATION: Demolition, mining, military.

Diagram showing difference between deflagration (lLow explosives) and detonation (high
explosives) Caption: Figure 3.3 Deflagration versus detonation in.explosives

3.2.2 High explosives and their applications

High explosives undergo detonation, producing supersonic shock waves and intense energy
release. They are classified into primary and secondary explosives. Primary explosives are highly
sensitive and used in detonators, while secondary explosives are less sensitive but powerful,
making them suitable for blasting operations in mining and construction. Examples include TNT
and ANFO (Ammonium Nitrate Fuel Oil).

Fillin the blank: Secondary high explosives are less sensitive but more

explosives.

than primary
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EXAMPLES OF HIGH EXPLOSIVES: PROPERTIES & APPLICATIONS

1. TNT (TRINITROTOLUENE) 2. ANFO (AMMONIUM NITRATE/FUEL OIL) 3. DYNAMITE
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Box 3.2 Examples of high explosives and their uses

3.2.3 Industrial explosives used in mining and construction

Industrial explosives are specially formulated for large-scale operations. Common types include
ANFO, slurry explosives, and emulsions. ANFO is widely used because it is inexpensive and
effective in dry conditions. Slurry and emulsion explosives are water-resistant, making them

suitable for wet environments. The choice of industrial explosive depends on geological conditions,
cost, and safety requirements.

Fillin the blank: ANFO is widely used.in mining because it is inexpensive and effective in
conditions.
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INDUSTRIAL EXPLOSIVES FOR MINING: ANFO, SLURRY, & EMULSION

1. ANFO BAGS 2. SLURRY EXPLOSIVE CARTRIDGES : I PLOSIVE PA
(AMMONIUM NITRATE/FUEL OIL) O IV LAtk

Excellent water resistance, pumpable, high
energy, superior fragmentation:
Ideal for wet and demanding conditions.

Bulk strength, low sensitivity, requires booster. [l Water-resistant, high energy, good coupling.
Used in dry, large-diameter holes. Versatile for varied rock types.

- OER Q) GEOLOGY & MINING TECHNOLOGY MODULE

Image showing industrial explosives used in mining (ANFO bags, slurry cartridges, emulsion packs)
Caption: Plate 3.1 Industrial explosives usedin mining and construction

Pilot questions 3.2
1. Whatis the main difference.between low and high explosives?
2. Define deflagration andexplainiits relation to low explosives.
3. Give two examples of high explosives used in mining.
4. Why are slurry and emulsion-explosives preferred in wet environments?

5. What makes ANFO a popular choice in mining operations?

3.3 Explosive Accessories And Initiation Systems
3.3.1 Detonators and fuses

Detonators are devices used to initiate explosives. They contain a small amount of highly sensitive
explosive material that, when triggered, sets off a larger charge. Fuses are cords or wires that carry
a flame or spark to the detonator, providing a timed delay before initiation. Together, detonators
and fuses ensure controlled and predictable initiation of explosives in mining and construction
operations.

Fillin the blank: A contains a small amount of sensitive explosive material used to initiate a
larger charge.
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DETONATOR AND FUSE CORD CONNECTION FOR EXPLOSIVE INITIATION
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Diagram showing detonator connected to fuse cord Caption: Figure 3.4 Detonator and fuse
arrangement

3.3.2 Primers and boosters

Primers are small charges of sensitive explosives placed next to the main charge to ensure reliable
initiation. Boosters are stronger charges used to amplify the energy from the primer, ensuring that
the main explosive detonates completely. Primers and boosters act as intermediaries between the
detonator and the main charge, providing a chain of reliable energy transfer.

Fillin the blank: A is used.to amplify the energy from the primer to ensure full detonation of
the main charge.
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PRIMERS AND BOOSTERS: INTERMEDIARIES IN EXPLOSIVE INITIATION
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Box 3.3 Functions of primers and boosters

3.3.3 Safety considerations in initiation systems

Safety in initiation systems is critical because detonators, fuses, primers, and boosters are highly
sensitive. Operators must avoid exposure to heat, friction, or impact during handling. Initiation
systems should be assembled only at the blast site and under strict supervision. Proper training
and adherence to safety protocols reduce the risk of accidental initiation, ensuring safe and
effective blasting operations.

Fillin the blank: Initiation systems should be assembled only at the site under strict
supervision.

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



SAFE HANDLING
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Image howing safe handling of detonators and initiation systemls ét a blast site Caption: Plate 32
Safe handling of initiation systems in blasting operations

Pilot questions 3.3
1. Whatis the function of a detonator?
2. How does a fuse contribute to explosive initiation?
3. Define a primer and explain its role.
4. Whatis the purpose of a booster in initiation systems?

5. Why should initiation systems be assembled only at the blast site?

3.4 Handling, Storage, And Safety Regulations
3.4.1 Safe handling practices for explosives

Safe handling of explosives is critical to prevent accidents. Operators must wear protective
equipment such as helmets, gloves, and safety boots, and avoid exposing explosives to heat,
friction, or impact. Explosives should only be transported in approved containers and handled by
trained personnel. Strict adherence to handling protocols ensures both worker safety and
operational efficiency.

Fillin the blank: Explosives should only be handled by trained .
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Storage areas should be located aw ted zones and marked with clear warning signs.
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of accidental initi d environmental hazards.

Fillin the blank: Explos mustb

ventilated. Q

ored in specially designed that are cool, dry, and
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EXPLOSIVES STORRAGE MAGAIZINE: KEY FEATURES & SAFETY SYSTEMS
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Diagram showing layout of an explosives storage magazine Caption: Figure 3.5 Explosives storage
magazine layout

3.4.3 Regulatory frameworks and compliance in explosive use

The use of explosives is governed by strict regulatory frameworks to ensure safety and security.
Regulations typically cover licensing, transportation, storage, and use of explosives. Compliance
requires operators to follow national laws and international standards, maintain accurate records,
and undergo regular inspections. Failure to comply can result in severe penalties and increased
risk of accidents.

Fillin the blank: The use of explosives is governed by strict frameworks to ensure safety.
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EXPLOSIVES REGULATORY REQUIREMENTS:
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Box 3.4 Key regulatory requirements for explosives

Pilot questions 3.4

1. Why is safe handling of explosives important?

2. What protective equipment should be worn when handling explosives?

3. Where should explosives be stored to minimise risk?

4. What environmental considerations must be taken into account in explosive storage?
5. What do regulatory frameworks for explosives typically cover?

Series Summary

This'Series has introduced you to the fundamentals and classification of explosives, which are
central to safe and effective mining and excavation engineering. We began by defining explosives
and examining their properties and detonation process. We then explored the classification of
explosives, distinguishing between low and high explosives, and considered their industrial
applications. Following that, we studied explosive accessories and initiation systems, including
detonators, fuses, primers, and boosters. Finally, we discussed safe handling, storage
requirements, and regulatory frameworks that govern the use of explosives.

By completing this Series, you should now be able to define explosives and explain their properties,
classify them into low and high categories, identify accessories and initiation systems, and
evaluate safe handling and regulatory requirements. These outcomes align directly with the Series
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Learning Outcomes (SLOs), equipping you with both theoretical understanding and practical
awareness for responsible use of explosives in engineering contexts.

Glossary of Terms
e ANFO: Ammonium Nitrate Fuel Oil, a common industrial explosive used in mining.

o Booster: A charge used to amplify the energy from a primer to ensure full detonation of the
main charge.

¢ Combustion: A slower chemical reaction compared to detonation, producing heat and gas
without a shock wave.

o Deflagration: Rapid burning process in low explosives, producing/gas expansion without
detonation.

¢ Detonation: A supersonic chemical reaction in explosives that produces a shock wave and
high-pressure gases.

e Detonator: A device containing sensitive explosive material used to initiate a larger charge.

o Explosive: A chemical substance ormixture that releases gas, heat, and pressure rapidly
when triggered.

o Fuse: A cord or wire that carries a flame or spark to a detonator, providing timed initiation.

o Primer: A small charge of sensitive explosive placed next to the main charge to ensure
reliable initiation.

o Slurry explosive: A water-resistant industrial explosive used in wet mining environments.

e Stability: The property of an explosive to remain unchanged under normal storage and
handling conditions.

o Strength: The ability of an explosive to perform work, measured by energy release.

o Sensitivity: The ease with which an explosive can be initiated by heat, shock, or friction.
Concept Check Questions [Series 3]
Objective questions

1. Explosivesrelease gas, heat,and___ when triggered. (Linked to SLO 3.1)

2. | The property that describes how easily an explosive can be initiated is called
(Linked to SLO 3.1)

3. ANFOis effective in conditions. (Linked to SLO 3.2)
Short-answer questions
4. Define deflagration and explain its relation to low explosives. (Linked to SLO 3.2)

-
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5. Whatis the function of a detonator? (Linked to SLO 3.3)
Long-answer questions

6. Analyse the importance of primers and boosters in ensuring reliable detonation of
explosives. (Linked to SLO 3.3)

7. Evaluate the role of regulatory frameworks in ensuring safe handling and storage of
explosives. (Linked to SLO 3.4)

Answers to Concept Check Questions [Series 3]
Objective questions

1. Pressure.

2. Sensitivity.

3. Dry.
Short-answer questions

4. Deflagration is the rapid burning process in low explosives, producing gas expansion
without detonation.

5. Adetonator initiates explosives by using a small amount of sensitive material to trigger a
larger charge.

Long-answer questions

6. Basic response: Primers and boosters ensure reliable initiation by transferring energy from
the detonator to the main charge. Value-added response: They also reduce the risk of
incomplete detonation, improve efficiency, and enhance safety in blasting operations.
Boosters are particularly important in large-scale mining where strong energy transfer is
required.

7. Basicresponse: Regulatory frameworks set rules for licensing, storage, and use of
explosives to ensure safety. Value-added response: They also protect the environment,
prevent misuse, and establish accountability through inspections and record-keeping.
Compliance ensures both operational safety and legal responsibility.

Answers to Pilot Questions [Series 3]

Part 3.1: Gas; strength, sensitivity, stability; sensitivity; detonation is supersonic, combustion is
slower; prevents deterioration and accidents. Part 3.2: Low explosives burn, high explosives
detonate; deflagration; TNT, ANFO; water resistance; inexpensive and effective. Part 3.3: Initiates
explosives; carries flame or spark; small charge for initiation; amplifies energy; safety and control.
Part 3.4: Prevent accidents; helmets, gloves, boots; magazines; prevent contamination and theft;
licensing, storage, transportation, compliance.

-
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References and Attributions [Series 3]

e Figure 3.1 Basic principle of explosive reaction. Suggested Al prompt: “Create a labelled
diagram showing chemical energy converting to gas, heat, and pressure in an explosive
reaction.” Search string: “basic principle of explosives diagram OER.”

e Box 3.1 Key properties of explosives. Suggested Al prompt: “Generate a simple infographic
listing strength, sensitivity, and stability as properties of explosives.” Search string:
“properties of explosives infographic OER.”

e Figure 3.2 Detonation process in explosives. Suggested Al prompt: “Create a labelled
diagram showing detonation wave, gas expansion, and rock fragmentation.” Search string:
“detonation process explosives diagram OER.”

o Figure 3.3 Deflagration versus detonation in explosives. Suggested Al prompt: “Create a
labelled diagram comparing deflagration in low explosives.and detonationin high
explosives.” Search string: “deflagration vs detonation diagram OER.”

e Box 3.2 Examples of high explosives and their uses. Suggested Al prompt: “Generate a
simple infographic listing TNT, ANFO, and dynamite as examples of high explosives with
applications.” Search string: “examples of high explosives infographic OER.”

e Plate 3.1 Industrial explosives used in mining and construction. Suggested Al prompt:
“Provide images of ANFO bags, slurry explosive cartridges, and emulsion explosive packs
used in mining.” Search string: “industrial explosives mining ANFO slurry emulsion OER
images.”

o Figure 3.4 Detonator and fuse arrangement. Suggested Al prompt: “Create a labelled
diagram showing detonator connected to fuse cord for explosive initiation.” Search string:
“detonatorfuse diagram OER.”

e Box 3.3 Functions of primers and boosters. Suggested Al prompt: “Generate a simple
infographic showing primers and boosters as intermediaries in explosive initiation.” Search
string: “primers boosters explosives infographic OER.”

e [ Plate 3.2 Safe handling of initiation systems in blasting operations. Suggested Al prompt:
“Provide an image of workers safely handling detonators and fuses at a blast site.” Search
string: “safe handling detonators initiation systems OER images.”

e Plate 3.3 Safe handling practices for explosives. Suggested Al prompt: “Provide an image of
workers wearing protective gear while handling explosives safely.” Search string: “safe
handling explosives protective gear OER images.”

o Figure 3.5 Explosives storage magazine layout. Suggested Al prompt: “Create a labelled
diagram showing explosives storage magazine with ventilation, security, and warning
signs.” Search string: “explosives storage magazine diagram OER.”
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o Box 3.4 Key regulatory requirements for explosives. Suggested Al prompt: “Generate a
simple infographic listing licensing, storage, transportation, and compliance requirements
for explosives.” Search string: “explosives regulatory requirements infographic OER.”

Series 4: Blasting Methods And Patterns

Series outline

e Part 4.1: Fundamentals of blasting methods
o Sub-Part4.1.1: Definition and purpose of blasting

o Sub-Part4.1.2: Common blasting methods (open-pit, underground, controlled
blasting)

o Sub-Part 4.1.3: Factors influencing choice of blasting method
¢ Part4.2: Blasting patterns and their design
o Sub-Part4.2.1: Burden, spacing, and hole arrangement

o Sub-Part4.2.2: Common blasting patterns (square, staggered, V-pattern, line
drilling)

o Sub-Part 4.2:3: Advantages and limitations of different patterns
e Part 4.3: Applications of blasting methods and patterns

o Sub-Part4.3.1: Blasting in surface mining

o | Sub-Part 4.3.2: Blasting in underground mining

o Sub-Part4.3.3: Controlled blasting for construction and environmental safety
e Part4.4: Safety and environmental considerations in blasting

o Sub-Part4.4.1: Safety measures during blasting operations

o Sub-Part 4.4.2: Minimising ground vibration, fly rock, and noise

o Sub-Part 4.4.3: Regulatory compliance and best practices

Introduction

Blasting is one of the most critical operations in mining and excavation engineering, as it provides
the controlled energy needed to fragment rock for further handling. The choice of blasting method

-
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and the design of blasting patterns directly influence fragmentation quality, safety, and
environmental impact. A sound understanding of these concepts enables engineers to optimise
productivity while minimising risks.

The aim of this Series is to introduce you to the fundamentals of blasting methods, explain the
design and application of blasting patterns, and highlight safety and environmental considerations.

We shall begin by exploring the fundamentals of blasting methods, including their definition,
purpose, and common types such as open-pit, underground, and controlled blasting. Next, we will
study blasting patterns and their design, focusing on burden, spacing, and hole arrangements, as
well as common patterns like square, staggered, and V-patterns. Following that, we will examine
applications of blasting methods and patterns in surface mining, underground mining, and
construction. Finally, we will conclude with safety and environmental considerations, including
measures to minimise vibration, fly rock, and noise, alongside regulatory compliance.

Series Learning Outcomes
Upon completing this Series, you should be able to:
o SLO 4.1 define blasting and explain common blasting methods and their applications,

o SLO 4.2 describe blasting patterns, including burden, spacing, and hole arrangements, and
evaluate their advantages and limitations;

e SLO 4.3 apply blasting methods and patterns to surface mining, underground mining, and
construction contexts,

o SLO 4.4 assess safety measures, environmental impacts, and regulatory requirements in
blasting operations.

4.1 Fundamentals Of Blasting Methods
4.1.1 Definition-and purpose of blasting

Blasting is the controlled use of explosives to break rock into manageable fragments. Its primary
purpose:is to facilitate excavation, improve productivity, and reduce the cost of handling and
transporting rock. Blasting is widely applied in mining, quarrying, tunnelling, and construction
projects. The effectiveness of blasting depends on proper planning, choice of method, and
adherence to safety standards.

Fillin the blank: Blasting is the controlled use of to break rock into fragments.
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 BLASTING OPERATION IN OPEN-PIT MINING: PROCESS AND ROCK FRAGMENTATION |
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Diagram showing blasting operation in open-pit mining Caption: Figure 4.1 Blasting operation in
mining

4.1.2 Common blasting methods (open-pit, underground, controlled blasting)
There are several blasting methods used in engineering:
e Open-pit blasting: Used-in surface mining to fragment large volumes of rock.

¢ Underground blasting: Applied in tunnelling and underground mining to advance headings
or create chambers.

o Controlled blasting: Techniques such as cushion blasting and presplitting are used to
minimise damage to surrounding rock and structures.

Each method is chosen based on geological conditions, project requirements, and safety
considerations.

Fillin the blank: blasting is used to minimise damage to surrounding rock and structures.
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TYPES OF BLASTING METHODS: OPEN-PIT, UNDERGROUND, & CONTROLLED OER &
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PRE-SPLITTING SMOOTH BUFFER
BLASTING BLASTING

KEY APPLICATIONS:
© TUNNEL DEVELOPMENT
© ORE EXTRACTION IN STOPES

© RAISE BORING / SHAFT SINKING
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Box 4.1 Common blasting methods and their applications

KEY APPLICATIONS:
© BULK ROCK FRAGMENTATION

© PRODUCTION BLASTING (ORE/WASTE)
 OVERBURDEN REMOVAL

© FINAL PIT WALL STABILIZATION
© UNDERGROUND TUNNEL PERIMETER CONTROL

© VIBRATION-SENSITIVE AREAS ‘ ((-:):
(e.g., NEAR STRUCTURES)

\

4.1.3 Factors influencing choice of blasting method
The choice of blasting method depends on several factors:
e Geological conditions (rock hardness, fractures, water presence)
o Project type (surface'mine, tunnel, construction site)
¢ Desired fragmentation size and shape
o Safety and environmental considerations (vibration, fly rock, dust, noise)
¢ Cost and availability of explosives and equipment

Engineers must evaluate these factors carefully to ensure efficiency and safety in blasting
operations.

Fillin the blank: The choice of blasting method depends on geological conditions, project type, and
considerations.
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FACTORS INFLUENCING BLASTING METHOD SELECTION:
GEOLOGICAL, PROJECT, SAFETY, & COST

ROCK STRENGTH PRODUCTION REQUIREMENTS
Compressive/Tensile 5\ Desired Tonnage
JOINTING & FRACTURING FRAGMENTATION SIZE

Orientation, Spacing Muckpile Characteristics
GEOLOGICAL STRUCTURES b, ADJACENT INFRASTRUCTURE
Faults, Folds Vibration Sensitivity

GROUNDWATER CONDITIONS
Flow, Pressure

ENVIRONMENTAL REGULATIONS
Noise, Dust

BLASTING
METHOD

SELECTION:
COST FACTORS AN INTEGRATED SAFETY & REGULATORY FACTORS
DRILLING & BLASTING COSTS gy Sl (==> BLAST VIBRATION & AIRBLAST
Explosives, Labor, Equipment Limits, Monitoring
DOWNSTREAM PROCESSES e FLYROCK CONTROL
Crushing, Grinding Efficiency Safe Zones
OVERALL MINING COST <= PERSONNEL SAFETY
Stripping Ratio : SO e oD, ' Training, PPE
MATERIAL VALUE H Ik Blastings ' REGULATORY COMPLIANCE
Ore Grade Controplrlgds Illa"slgﬁg etc. Permits, ATF/MSHA

@ EDUCATIONAL MATERIAL | CREATED BY [OER PARTNER LOGO] | LICENSED UNDER CC-BY-SA

Diagram showing factors influencing choice of blasting method Caption: Figure 4.2 Factors
influencing blasting method selection

Pilot questions 4.1
1. Define blasting in simple terms.
2. Whatis the primary purpose of blasting?
3. Name three common blasting methods.
4. Which blasting method isiused to minimise damage to surrounding rock?

5. Listthree factors that influence the choice of blasting method.

4.2 Blasting Patterns And Their Design
4.2.1 Burden, spacing, and hole arrangement

Burden is the distance between a blast hole and the nearest free face, while spacing is the
distance between adjacent holes in a row. Proper burden and spacing ensure efficient
fragmentation and minimise fly rock. Hole arrangement refers to the geometric layout of blast
holes, which can be square, staggered, or aligned depending on the blasting objective.

Fill in the blank: The distance between a blast hole and the nearest free face is called
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BLASTING PATTERN DESIGN: BURDEN, SPACING, AND HOLE ARRANGEMENT
A) PLAN VIEW OF MULTI-ROW BLAST PATTERN [ INITIATION TIMING LEGEND |
BLAST HOLES -
(e. g 150mm dnameter) SPACING (S) 1 ‘ } ,i g g:::r:;]egs
HOLE ANGLE § = Spacing ‘\ ® & 9 Rock
| J BURDEN (B) (eg 10‘) crmnoo* B = Burden |

FREE FACE ow 3
(BENCH FACE) oo\ 1 "

ROW3 © KEY DESIGN PARAMETERS

Burden (B): Distance to free face
BLtﬁ}r‘?gEA Spacing (S): Distance between holes
Stemming (T) EXPLOSIVE COLUMN
O NITIATION SEQUENCE | DIRECTION OF Subdrilling ()
(Delay Timing) Hole Diameter (D) PRIMER/BOOSTER
B) CROSS-SECTION VIEW THROUGH A SINGLE ROW
BENCH CRECREST o
STEMMING —I STEMMINGLENGTH ™S KEY DESIGN
l (Inert Mal:':') | PARAMETERS E M STEMMING LENGTH
BENCH COLUMN ‘ ) e ) g I‘Z; EXPLOSIVE TYPE > =
HEIGHT PRIMER/BOOSTER —| RENC Stemming (T) > PRIMER LOCATION LEGEND
) 3 7 R \ = Subdrilling (J, < s
BOR : \ H;eéliamt(er) (0) 2 CHARGE LENGTH gzpmwes :
- emming
HOLE LOADING DETAIL [ Rock
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Diagram showing burden, spacing, and hole arrangement in blasting Caption: Figure 4.3 Burden,
spacing, and hole arrangement

4.2.2 Common blasting patterns (square, staggered, V-pattern, line drilling)
Several blasting patterns are commonly used:
e Square pattern: Holes-are arranged in a grid, providing uniform fragmentation.
e Staggered pattern: Holes are offsetto improve rock breakage and reduce vibration.

o V-pattern: Holes are drilled in a V-shape, directing energy towards the centre for controlled
breakage.

e Linedrilling: Holes are drilled in a straight line, often used for controlled blasting near
boundaries.

Each pattern has specific advantages depending on geology, desired fragmentation, and safety
requirements.

Fillinthe blank: Holes arranged in a grid to provide uniform fragmentation form a pattern.
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1. SQUARE PATTERN 2. STAGGERED PATTERN 3. V-PATTERN (Echelon) 4. LINE DRILLING (Pre-split)
RN . a L—SPNeTTT , o R
—.\‘11 i : —.\O .T\O !.K. ; . . . .
é . o\‘2 . . E o o ® 6 o o
§ 3l : :=,: . . . . Segprensre e —
. L] c\ . . ° o O 1 2 3
4l 1/.'\6.\/3.'\/
4 4
KEY CHARACTERISTICS KEY CHARACTERISTICS KEY CHARACTERISTICS KEY CHARACTERISTICS
| Holes arranged in a grid. %5 Holes offset between rows. | | 7 Holes form V-shape. Single line of closely
) ; spaced holes.
&, Uniform fragmentation. &/ Improved energy distribution. i o E;ﬁ?rs muckiile towaris 7% Creates a fracture plane.
){ Simpler to design and drill. / Better fragmentation control.| | Az El?:gefontrol of muckpile I Protects the final wall.
=5 cv:§¥at{:::te e prii A g;g:}?:n's" g Q Often used in tunneling. \\ Reduces overbreak.
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Box 4.2 Common blasting patterns

4.2.3 Advantages and limitations of different patterns
Each blasting pattern has advantages and limitations:
e Square pattern: Simple design, uniform fragmentation; may cause excessive vibration.
o Staggered pattern: Better energy distribution; more complex to design.
o V-pattern: Controlled breakage; limited to specific applications.
e Linedrilling: Reduces damage to surrounding rock; less efficient fragmentation.
Engineers must balance efficiency, safety, and environmental impact when selecting a pattern.

Fillin the blank: The blasting pattern that reduces damage to surrounding rock but is less efficient
in fragmentation is drilling.

-
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COMPARATIVE DIAGRAM: BLASTING PATTERNS - SQUARE, STAGGERED, V-PATTERN, & LINE DRILLING
| BLASTING PATTERN PATTERN DIAGRAM ADVANTAGES LIMITATIONS
Sie_eliai el 123 % ¢ o Uniform Fragmentation 5B Can Create High Ground Vibration
SQUARE °® o 0o 0 0 $ : 2% b Simple to Design & Drill 1 May Leave "Toe" (Unbroken Rock)
PATTERN Rl o P2 te t o | EasytoSequence (eg, Row-by-Row)|  BetweenHoles »
°o o o o o SRR E I TP Energy Utilization Less Efficient
5 & B o |l Better Energy Distribution 5 More Complex to Design & Survey
STAGGERED of oz o3 ot e ol Improved Fragmentation W Drilling is More Challenging
PATTERN e a s | uly Reduced Ground Vibration P Requires Precise Delay Timing
—— X —— : | b Less Toe Problems
e ’ ; < s 2 5 o5 Directs Muckpile Towards Center | % Higher Complexity in Sequencing
V-PATTERN t b 1 F? \-q ?/ \\ 4 % 4 \\/ w5 Creates Good Relief T3 Vibration Can Be Focused
(Echelon) bed M 1 f - | & Good Control of Muckpile Profile [T Risk of Cut-Off Holes if Timing Fails
= it "2 | o Suitable for Tunneling & Face Blasting|
e et eeeee SR G AR o Creates Clean Fracture Plane P Slow & Expensive Drilling
LITTITTIIT] $8ch B e b Protects Final Wall (Pre-splitting) | Not a Production Hole
DRILLING [ lel\ 222 & | ol Reduces Overbreak " Requires Very Precise Alignment
| —— b uly Improves Highwall Stability W High Drilling Accuracy Needed
@ Open Educational Resource (OER) style
L c3 OER EDUCATIONAL MATERIAL | MODULE: BLASTING PATTERNS | LICENSED UNDER CC-BY-SA J

Diagram comparing advantages and limitations of blasting patterns Caption: Figure 4.4 Advantages
and limitations of blasting patterns

Pilot questions 4.2

1. Define burden and spacingin blasting design.

2. Name four common blasting patterns.

3. Which pattern arranges holes in a grid for uniform fragmentation?
4. Whatis the main advantage of staggered patterns?

5. Why isline drilling often‘used near boundaries?

4.3 Applications Of Blasting Methods And Patterns
4.3.1 Blasting in surface mining

In surface mining, blasting is used to fragment large volumes of rock for easier excavation and
haulage. Open-pit mines rely on well-designed blasting methods and patterns to achieve uniform
fragmentation, reduce secondary breakage, and optimise shovel and truck efficiency. Proper
burden and spacing are critical to avoid excessive fly rock and vibration.

Fillin the blank: Blasting in surface mining is primarily used to fragment large volumes of
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| BLASTING OPERATION IN OPEN-PIT MINING: PROCESS AND ROCK FRAGMENTATION |

Phase 1: PRE-BLASTING Phase 2: POST-BLASTING
BOREHOLE LOADING

LEGENDS & SYMBOLS

[ Explosives Column
[ Octonation Front
| I Gas/Shack Wave
| [ Rock Mass (In-Situ)

LEGENDS & SYMBOLS
[ Explosives Column
I Detonation Front
[0 Gas/Shock Wave
[ Rock Mass (In-Situ)
Fragmented Rock (Muckpile)
[ Water Table
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Diagram showing blasting in an open-pit mine Capti
mining

4.3.2 Blasting in underground mining

tunnels, drifts, and stopes. The design of
blasting patterns must account for confi s, ventilation, and safety. Methods such as ring

damage to surrounding roc

Fillin the blank: In

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



UNDERGROUND MINING BLASTING PATTERNS: RING DRILLING & BURN CUT

— LONG-HOLE DRILL RIG JUMBO DRILL RIG

TUNNEL FACE

DRIFT
(SUB-LEVEL)

— BLASTHOLES
= ““"?(BURN PATTERN)

BLASTHOLES
EMPTY RELIEVER HOLES
(RING PATTERN) OREBODY (UNCHARBED)

(STOPING AREA) INITIAL VOID CHARGED HOLES
UNDERCUT / CREATION (DELAYED)
s Y
DR“W" OINT BURN CUT PATTERN
CHARGED
A e I g 1 g/ 108

P KEY CHARACTERISTICS \°o @0@ ©® oewy | KEY CHARACTERISTICS
* Radial hole pattern. NITIAL VOID 90 @ ® (¢) * Parallel hole pattern.
* Used for bulk mining (stoping). CREATION / » Creates initial void (cut).
R % * High productivity. 173 PR”G“ESS‘VE » Essential for tunnel advancement.
RING i) o Efficient breaking. L BURNGED HOLES « Controlled breakage. Seiign
. N J
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Box 4.3 Common blasting methods in underground mining

4.3.3 Controlled blasting for construction and environmental safety

Controlled blasting is used in construction projects such as road building, dam foundations, and
urban excavation. Techniques like presplitting, cushion blasting, and line drilling minimise damage
to nearby structures and reduce environmentalimpacts such as vibration, noise, and fly rock.
Controlled blasting ensures precision and safety in sensitive environments.

Fillin the blank: blasting techniques such as presplitting and cushion blasting are used to
minimise damage to nearby structures.
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Image showing controlled blasting near a construction site Caption: Plate 4.1 Controlled blasting in
construction projects

Pilot questions 4.3
1. Whatis the main purpose of blasting in surface mining?
2. Name two blasting methods commonly used in underground mining.
3. Why is controlled blasting importantin construction projects?
4. Which blasting techniques help minimise damage to nearby structures?

5. How does blasting pattern design differ between surface and underground mining?

4.4 Safety And Environmental Considerations In Blasting
4.4.1 Safety measures during blasting operations

Safety is the most critical aspect of blasting. Operators must ensure that all personnel are
evacuated to safe distances before detonation. Warning signals should be given, and blast areas
must be cordoned off. Protective equipment such as helmets, ear protection, and safety boots
should be worn. Strict adherence to blasting schedules and supervision by trained personnel
reduces the risk of accidents.

Fillin the blank: All personnel must be evacuated to safe before detonation.
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BLASTING
IN PROGRESS

THORIZED
PsﬁgONNEl ONLY

Image showing safety measures during blasting ( g signs d area, protective ear)
Caption: Plate 4.2 Safety measures during blasting operation

during blasting operations.
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 BLASTING IMPACT MINIMISATION: PRESPLITTING, BLAST MATS, & SPACING ADJUSTMENTS |

PRESPLITTING J—y BLAST MATS —‘ SPACING ADJUSTMENTS
(Wall Control) (Fly Rock & Noise Suppression) (Energy Distribution)

PRE-SPLIT HOLES STANDARD SPACING (Too Wide)
(Small Diameter, e.q., 50mm) STEELREINFORGED POOR ENERGY
et Ry & DISTRIBUTION
SUPPRESSION OF WEIGHT < : 2%
FINAL PIT WALL AIRBLAST (NOISE) | (&.9- 5 tonnes)
{ @) | @Y

POOR ENERGY - HIGH
DISTRIBUTION ~ GROUND VIBRATION

SMOOTH

FRACTURE
- OPTIMISED SPACING (Adjusted)
WEIGHT REDUCED
OF FLY ROCK DUST IMPROVED
(e.g., 5 tonnes) FRAGMENTATION
KEY GOALS: UNIFORM ENERGY

1. CONTROLLED FRACTURE
2. PHYSICAL CONFINEMENT - s
3. OPTIMISED ENERGY (Peak Particle Velocity)

[ [CDExplosives [ Rock [l BlastMats [ Vibration ] [D Explosives Rock [l BlastMats [ Vibration ]
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Diagram showing measures to minimise vibration, fly rock, and noise Caption: Figure 4.6 Measures
to minimise blasting impacts

4.4.3 Regulatory compliance and best practices

Blasting operations are governed by strict regulations to protect workers, communities, and the
environment. Compliance requires:

e Obtaining permits and licenses for blasting

o Following national and international safety standards

o Keeping accurate records of explosives used and blast results
o Conductingregular inspections and audits

Best practices include community engagement, environmental monitoring, and continuous
training of personnel.

Fill in the blank: Blasting operations must comply with national and international standards.
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' BLASTING REGULATORY COMPLIANCE: OER [z
A FRAMEWORK FOR SAFETY & LEGALITY

1. PERMITS & LICENSING 2. SAFETY STANDARDS gl ' RE s 4. INSPECTIONS
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Box 4.4 Regulatory compliance and best practices in blasting

Pilot questions 4.4
1. Why is evacuation important before blasting?
2. What protective equipment should workers wear during blasting?
3. Name two techniques used to minimise ground vibration.
4. What are blast mats'used for?

5. Listthree regulatory requirements for blasting operations.

Series Summary

This'Series has focused on blasting methods and patterns, which are essential for efficient rock
fragmentation in mining and construction. We began by defining blasting and exploring common
methods such as open-pit, underground, and controlled blasting. Next, we examined blasting
patterns, including burden, spacing, and hole arrangements, as well as common designs like
square, staggered, V-pattern, and line drilling. We then studied applications of blasting methods
and patterns in surface mining, underground mining, and construction projects. Finally, we
addressed safety and environmental considerations, including measures to minimise vibration, fly
rock, and noise, alongside regulatory compliance.

By completing this Series, you should now be able to define blasting methods, describe and
evaluate blasting patterns, apply them in different mining and construction contexts, and assess
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safety and environmental impacts. These outcomes align with the Series Learning Outcomes
(SLOs), equipping you with practical knowledge for responsible blasting operations.

Glossary of Terms
¢ Blasting: Controlled use of explosives to fragment rock.
e Burden: Distance between a blast hole and the nearest free face.
e Spacing: Distance between adjacent blast holes in a row.
e Square pattern: Blast holes arranged in a grid for uniform fragmentation.
o Staggered pattern: Blast holes offset to improve energy distribution.
e V-pattern: Holes drilled in a V-shape to direct energy inward.
e Line drilling: Holes drilled in a straight line for controlled blasting near boundaries.

¢ Controlled blasting: Techniques such as presplitting and cushion blasting used to
minimise damage.

e Fly rock: Rock fragments propelled beyondthe blast area.
¢ Blast mats: Protective coverings used to contain fly rock during blasting.
Concept Check Questions [Series 4]

Objective questions

1. Blastingis the controlled use of to fragment rock. (Linked to SLO 4.1)
2. Thedistance between a blast hole and the nearest free face is called . (Linked to SLO
4.2)

3. Which blasting pattern arranges holes in a grid for uniform fragmentation? (Linked to SLO
4.2)

Short-answer questions

4., Namethree common blasting methods. (Linked to SLO 4.1)

5. Why is controlled blasting important in construction projects? (Linked to SLO 4.3)
Long-answer questions

6. Analyse the advantages and limitations of square, staggered, V-pattern, and line drilling.
(Linked to SLO 4.2)

7. Evaluate safety measures and environmental considerations in blasting operations. (Linked
to SLO 4.4)

Answers to Concept Check Questions [Series 4]

-
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Objective questions
1. Explosives.
2. Burden.
3. Square pattern.
Short-answer questions
4. Open-pit blasting, underground blasting, controlled blasting.

5. Controlled blasting reduces damage to nearby structures, minimises vibration and noise,
and ensures safety in sensitive environments.

Long-answer questions

6. Basic response: Square patterns provide uniform fragmentation but may cause vibration;
staggered patterns improve energy distribution but are complex; V-patterns allow
controlled breakage but are limited in use; line drilling reduces damage but is less efficient.
Value-added response: Engineers select patterns based on geology, safety, and project
goals. For example, staggered patterns are ideal for uneven rock formations, while line
drilling is best near boundaries where precision is critical.

7. Basic response: Safety measures include evacuation; protective gear, and warning signals.
Environmental considerations include minimising vibration, fly rock, and noise. Value-
added response: Best practices also involve regulatory compliance, community
engagement, and environmental monitoring. Techniques like presplitting and blast mats
enhance safety and reduce.impacts.

Answers to Pilot Questions [Series 4]

Part 4.1: Explosives; break rock; open-pit, underground, controlled; controlled blasting; geology,
project type, safety. Part4.2: Burden, spacing; square, staggered, V-pattern, line drilling; square;
better energy distribution; reduce damage near boundaries. Part 4.3: Rock; tunnels and stopes;
minimise damage; presplitting, cushion blasting; confined vs open spaces. Part 4.4: Safe
distancesjhelmets, earprotection, boots; presplitting, cushion blasting; fly rock; permits,
standards, records.

References and Attributions [Series 4]

e  Figure 4.1 Blasting operation in mining. Suggested Al prompt: “Create a labelled diagram
showing blasting operation in open-pit mining with explosive charges and fragmented
rock.” Search string: “blasting operation mining diagram OER.”

e Box4.1 Common blasting methods and their applications. Suggested Al prompt: “Generate
a simple infographic listing open-pit, underground, and controlled blasting with
applications.” Search string: “types of blasting methods infographic OER.”

-
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e Figure 4.2 Factors influencing blasting method selection. Suggested Al prompt: “Create a
labelled diagram showing geological, project, safety, and cost factors influencing blasting
method selection.” Search string: “factors influencing blasting method diagram OER.”

e Figure 4.3 Burden, spacing, and hole arrangement. Suggested Al prompt: “Create a labelled
diagram showing burden, spacing, and hole arrangement in blasting pattern design.”
Search string: “burden spacing hole arrangement blasting diagram OER.”

e Box4.2 Common blasting patterns. Suggested Al prompt: “Generate a simple.infographic
showing square, staggered, V-pattern, and line drilling with diagrams.” Search string:
“common blasting patterns infographic OER.”

e Figure 4.4 Advantages and limitations of blasting patterns. Suggested Al prompt: “Create a
comparative diagram showing advantages and limitations of square, staggered, V-pattern,
and line drilling.” Search string: “advantages limitations blasting patterns diagram OER.”

o Figure 4.5 Blasting application in surface mining. Suggested Al prompt: “Create a labelled
diagram showing blasting in an open-pit mine with fragmented rock and haul trucks.”
Search string: “surface mining blasting diagram OER.”

¢ Box 4.3 Common blasting methods in'underground mining. Suggested Al prompt:
“Generate a simple infographic showing ring drilling and burn cut patterns used in
underground blasting.” Search string: “underground mining blasting patterns infographic
OER.”

e Plate 4.1 Controlled blasting in construction projects. Suggested Al prompt: “Provide an
image of controlled blasting near a construction site with safety barriers.” Search string:
“controlled blasting/construction site OER images.”

o Plate 4.2 Safety measures during blasting operations. Suggested Al prompt: “Provide an
image of blasting site with warning signs, cordoned area, and workers in protective gear.”
Search string: “blasting safety measures mining construction OER images.”

o Figure 4.6 Measures to minimise blasting impacts. Suggested Al prompt: “Create a labelled
diagram showing presplitting, blast mats, and spacing adjustments to minimise blasting
impacts.” Search string: “minimising vibration fly rock noise blasting diagram OER.”

e Box 4.4 Regulatory compliance and best practices in blasting. Suggested Al prompt:
“Generate a simple infographic listing permits, safety standards, record keeping, and
inspections in blasting compliance.” Search string: “blasting regulatory compliance
infographic OER.”
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Series 5: Applications And Environmental Control

Series outline
¢ Part5.1: Applications of explosives in mining and construction
o Sub-Part5.1.1: Rock fragmentation and excavation
o Sub-Part5.1.2: Tunnelling and underground development
o Sub-Part5.1.3: Construction projects (roads, dams, foundations)
e Part5.2: Environmental impacts of blasting
o Sub-Part5.2.1: Ground vibration and structural damage
o Sub-Part5.2.2: Fly rock, dust, and noise pollution
o Sub-Part5.2.3: Water contamination and ecological effects
¢ Part5.3: Environmental control measures

o Sub-Part5.3.1: Controlled blasting techniques (presplitting, cushion blasting, line
drilling)

o Sub-Part5.3.2: Use.of blast mats and protective barriers

o Sub-Part 5.3.3:-Monitoring and mitigation strategies (seismographs, dust
suppression, noise control)

¢ Part5.4: Regulatory frameworks and sustainable practices
o Sub-Part5:4.1: National and international environmental regulations
o | Sub-Part5.4.2: Best practices for sustainable blasting operations

o Sub-Part5.4.3: Community engagement and environmental responsibility

Introduction

Explosives are powerful tools in mining and construction, but their use must balance productivity
with environmental responsibility. Beyond rock fragmentation and excavation, blasting operations
can generate vibration, noise, dust, and fly rock, all of which affect communities and ecosystems.
Engineers must therefore apply explosives with precision while implementing environmental
control measures to ensure safety, sustainability, and compliance with regulations.

-
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The aim of this Series is to highlight the practical applications of explosives in mining and
construction, examine the environmental impacts of blasting, and present control measures and
regulatory frameworks that guide sustainable operations.

We shall begin by exploring the applications of explosives in mining, tunnelling, and construction
projects. Next, we will study the environmental impacts of blasting, including vibration, fly rock,
dust, and water contamination. Following that, we will examine environmental control measures
such as controlled blasting techniques, blast mats, and monitoring strategies. Finally, we will
conclude with regulatory frameworks and sustainable practices, emphasising compliance,
community engagement, and environmental responsibility.

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

e SLO 5.1 describe the applications of explosives in mining, tunnelling, and construction
projects,

e SLO 5.2 identify environmental impacts of blasting, including vibration, fly rock, dust, and
water contamination,

e SLO 5.3 evaluate environmental control measures such as controlled blasting techniques,
blast mats, and monitoring strategies,

e SLO 5.4 assess regulatory frameworks and sustainable practices for responsible explosive
use.

5.1 Applications Of Explosives In Mining And Construction
5.1.1 Rock fragmentation and excavation

Explosives are primarily used for rock fragmentation, breaking large rock masses into smaller,
manageable pieces: This facilitates excavation, loading, and hauling in mining operations. Proper
fragmentation reduces the need for secondary blasting and improves efficiency in downstream
processes suchas crushing and grinding.

Fillin the blank: Explosives are primarily used for , breaking large rock masses into smaller
pieces.

-
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ROCK FRAGMENTATION BY EXPLOSIVES: PRINCIPLES AND MECHANISMS
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Diagram showing rock fragmentation process in mining Caption: Figure 5.1 Rock fragmentation
using explosives

5.1.2 Tunnelling and underground development

In tunnelling and underground mining, explosives are used to advance drifts, crosscuts, and
stopes. Controlled blasting patterns such as burn cuts and ring drilling help achieve precise
excavation in confined spaces. Effective blasting in tunnelling ensures smooth tunnel walls,
reduces overbreak, and maintains structural stability.

Fillin the blank: Controlled blasting patterns such as cuts are used in tunnelling to achieve
precise excavation.
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Box 5.1 Blasting applications in tunnelling

5.1.3 Construction projects (roads, dams, foundations)

Explosives are also applied in construction projects such as road building, dam foundations, and
urban excavation. Controlled blasting techniqgues minimise damage to nearby structures and
reduce environmental impacts. For example, presplitting and cushion blasting are used to create
smooth rock faces and protect surrounding areas.

Fillin the blank: In construction projects, controlled blasting techniques such as blasting
are used to minimise damage to nearby structures.
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Image showing blasting in a road construction project Caption: Plate 5.1 Controlled blasting in road
construction

Pilot questions 5.1
1. What s the primary application of explosives in mining?
2. Name two blasting patterns usedin tunnelling.
3. Why is controlled blasting importantin construction projects?
4. Which blasting techniqueiis used to create smooth rock faces?

5. How does proper fragmentation improve downstream processes?

5.2 Environmental Impacts Of Blasting
5.2.1 Ground vibration and structural damage

Blasting generates ground vibrations that can travel through rock and soil, potentially damaging
nearby structures. The intensity of vibration depends on explosive charge size, burden, spacing,
and geological conditions. Excessive vibration may cause cracks in buildings, displacement of
foundations, or instability in slopes. Engineers must monitor vibration levels to ensure they remain
within safe limits.

Fillin the blank: Excessive ground vibration from blasting may cause cracks in nearby
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Diagram showing vibration waves from a blast site affecting nearby structures Caption: Figure 5.2
Ground vibration effects of blasting

5.2.2 Fly rock, dust, and noise pollution

Blasting can produce fly rock, dust.clouds, and loud noise. Fly rock occurs when fragments are
propelled beyond the blast zone, posing safety risks. Dust reduces air quality and visibility, while
noise pollution can disturb communities and wildlife. These impacts are especially critical in urban
or environmentally sensitive areas.

Fillin the blank: Rock fragments propelled beyond the blast zone are called
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Image showing fly rock and dust geerated during blasting Caption: Plate .2 Fly rock and dust

from blasting

5.2.3 Water contamination and ecological effects

Blasting may also affect water bodies and ecosystems. Explosives residues can contaminate
groundwater or surface water, impacting aquatic life. Shock waves may disturb fish populations,

while dust and debris can alter soil quality and vegetation. Environmental monitoring is essential to
detect and mitigate these impacts.

Fillin the blank: Explosive residues can contaminate groundwater or water, affecting
aquatic life.
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Box 5.2 Ecological impacts of blasting

Pilot questions 5.2
1. What structural damage can excessive ground vibration cause?
2. Define fly rockin blasting operations.
3. How does dust pollution affect communities?
4. Name one ecological effect of blasting on water bodies.

5. Why is environmental monitoring important in blasting operations?

5.3 Environmental Control Measures
5.3.1 Controlled blasting techniques (presplitting, cushion blasting, line drilling)

Controlled blasting techniques are used to minimise environmental impacts and protect nearby
structures.

o | Presplitting: Creates a fracture line before the main blast to control breakage.
e Cushion blasting: Uses smaller charges to smooth rock faces and reduce overbreak.

e Linedrilling: Involves drilling holes in a straight line to act as a barrier against crack
propagation.

Fillin the blank: blasting uses smaller charges to smooth rock faces and reduce overbreak.
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Diagram showing presplitting, cushion blasting, and line drilling techniques Caption: Figure 5.3
Controlled blasting techniques

5.3.2 Use of blast mats and protective barriers

Blast mats are heavy coverings placed over blast sites to contain fly rock and reduce noise.
Protective barriers such as berms and walls are also used to shield nearby structures and
communities. These measures are especially important in urban blasting projects where safety
and environmental control are critical.

Fillin the blank: Heavy coverings placed over blast sites to contain fly rock are called mats.
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Image showing blast mats covering a blast site Caption: Plate 5.3 Blast mats used to contain fly
rock

5.3.3 Monitoring and mitigation strategies (seismographs, dust suppression, noise control)
Monitoring is essential to ensure blasting impacts remain within safe limits.

¢ Seismographs measure ground vibration levels.

¢ Dust suppression techniques include water spraying and chemical binders.

¢ Noise control involves timing blasts during less sensitive hours and using barriers to
absorb sound.

Mitigation strategies ensure compliance with environmental standards and reduce community
concerns.

Fillin the blank: Ground vibration levels during blasting are measured using
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Box 5.3 Monitoring and mitigation strategies in blasting

Pilot questions 5.3
1. Whatis the purpose of presplitting in blasting?
2. Define cushion blasting.
3. What are blast matswsed for?
4. Name two monitoring tools or techniques used in blasting.

5. Why is noise control important in blasting operations?

5.4 Regulatory Frameworks And Sustainable Practices
5.4.1 National and international environmental regulations

Blasting operations are governed by strict environmental regulations to protect workers,
communities, and ecosystems. National laws typically cover licensing, permissible vibration
levels, dust and noise limits, and safe disposal of explosive residues. International standards, such
as those from the International Society of Explosives Engineers (ISEE), provide guidelines for best
practices across borders.

Fillin the blank: Blasting operations must comply with national laws and standards to
ensure environmental safety.
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OSHA (Occupational Safety and Health Administration):
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Box 5.4 Environmental regulations in blasting

5.4.2 Best practices for sustainable blasting operations

Sustainable blasting involves reducing environmental impacts while maintaining efficiency. Best

practices include:

Using controlled blasting techniques to minimise vibration and fly rock.
Employing dust suppression and noise reduction measures.
Recycling and safe disposal of explosive residues.

Continuous training of personnel in environmental safety.

Fillin the blank: Sustainable blasting operations aim to reduce environmental impacts while

maintaining .
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Diagram showing sustainable blasting practices Caption: Figure 5.4 Best practices for sustainable
blasting

5.4.3 Community engagement and environmental responsibility

Community engagement is vital for:sustainable blasting. Operators must inform residents about
blasting schedules, address concerns about vibration and noise, and provide transparent
monitoring data. Environmental responsibility also includes rehabilitating blast sites, restoring
vegetation, and ensuring long-term ecological balance.

Fillin the blank: Community engagement in blasting includes informing residents about blasting
and addressing concerns.
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Image showing community engagement in blasting operations Caption: Plate 5.4 Community
engagement in blasting projects

Pilot questions 5.4
1. Why are environmental regulations importantin blasting operations?
2. Name two internationaliorganisations or standards related to blasting.
3. Whatis the goal of sustainable blasting practices?
4. Listtwo best practices forsustainable blasting.

5. How does community engagement contribute to environmental responsibility in blasting?

Series Summary

This Series has examined the applications of explosives and environmental control measures in
mining, tunnelling, and construction. We began by exploring practical applications such as rock
fragmentation, tunnelling, and controlled blasting in construction projects. Next, we studied the
environmental impacts of blasting, including ground vibration, fly rock, dust, noise, and water
contamination. We then discussed environmental control measures, highlighting controlled
blasting techniques, blast mats, and monitoring strategies. Finally, we addressed regulatory
frameworks and sustainable practices, emphasising compliance, best practices, and community
engagement.
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By completing this Series, you should now be able to describe applications of explosives, identify
environmental impacts, evaluate control measures, and assess regulatory frameworks for
sustainable blasting operations. These outcomes align with the Series Learning Outcomes (SLOs),
equipping you with both technical and environmental awareness.

Glossary of Terms

¢ Rockfragmentation: Breaking large rock masses into smaller, manageable pieces using
explosives.

e Burn cut: Atunnelling blasting pattern used to initiate excavation in confined spaces.

o Presplitting: Controlled blasting technique that creates a fracture line before the main
blast.

e Cushion blasting: Technique using smaller charges to smooth rock faces and reduce
overbreak.

¢ Line drilling: Controlled blasting method involving holes drilled in a straight line to limit
crack propagation.

e Flyrock: Rock fragments propelled beyond the blast zone.
¢ Blast mats: Heavy coverings placed over blast sites to contain fly rock and reduce noise.
¢ Seismograph: Instrument used to measure ground vibration levels during blasting.

o Environmental regulations: Laws and standards governing blasting operations to protect
communities and ecosystems.

o Sustainable blasting: Practices thatreduce environmental impacts while maintaining
efficiency.

Concept Check Questions [Series 5]

Objective questions

1. Explosivesare primarily used for rock in mining. (Linked to SLO 5.1)
2. Rockfragments propelled beyond the blast zone are called . (Linked to SLO 5.2)
3. Ground vibration levels during blasting are measured using a . (Linked to SLO 5.3)

Short-answer questions

4. Name two controlled blasting techniques used to minimise environmental impacts. (Linked
to SLO 5.3)

5. Why is community engagement importantin blasting operations? (Linked to SLO 5.4)

Long-answer questions

-
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6. Analyse the environmental impacts of blasting, including vibration, dust, and water
contamination. (Linked to SLO 5.2)

7. Evaluate regulatory frameworks and sustainable practices in blasting operations. (Linked to
SLO 5.4)

Answers to Concept Check Questions [Series 5]
Objective questions

1. Fragmentation.

2. Flyrock.

3. Seismograph.
Short-answer questions

4. Presplitting and cushion blasting.

5. Community engagement builds trust, informs residents about blasting schedules,
addresses concerns, and ensures transparency in environmental monitoring.

Long-answer questions

6. Basic response: Blasting generates vibration that can. damage structures, dust that reduces
air quality, and residues that contaminate water. Value-added response: These impacts
can destabilise slopes, affect human health, and harm ecosystems. Engineers must
monitor and mitigate these effects using seismographs, dust suppression, and controlled
blasting techniques.

7. Basic response: Regulatory frameworks set limits on vibration, dust, and noise, and require
permits and inspections. Value-added response: Sustainable practices include controlled
blasting, safe disposal of residues, and community engagement. Compliance ensures
safety,environmental protection, and long-term ecological balance.

Answers to Pilot Questions [Series 5]

Part 5.1: Fragmentation; burn cuts, ring drilling; minimise damage; presplitting; improves crushing
and grinding. Part 5.2: Cracks in buildings; fly rock; reduces air quality and visibility; contaminates
water and affects aquatic life; detects and mitigates impacts. Part 5.3: Control breakage; uses
smaller charges; contain fly rock; seismographs, dust suppression; reduce disturbance to
communities. Part 5.4: Protect workers and ecosystems; ISEE standards; efficiency; controlled
blasting, dust suppression; informing residents and restoring vegetation.

References and Attributions [Series 5]

o Figure 5.1 Rock fragmentation using explosives. Suggested Al prompt: “Create a labelled
diagram showing explosives breaking rock into smaller fragments for excavation.” Search
string: “rock fragmentation explosives mining diagram OER.”

-
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e Box 5.1 Blasting applications in tunnelling. Suggested Al prompt: “Generate a simple
infographic showing burn cut and ring drilling patterns used in tunnelling.” Search string:
“tunnelling blasting burn cut ring drilling infographic OER.”

e Plate 5.1 Controlled blasting in road construction. Suggested Al prompt: “Provide an image
of controlled blasting in road construction with safety barriers.” Search string: “controlled
blasting road construction OER images.”

e Figure 5.2 Ground vibration effects of blasting. Suggested Al prompt: “Create.a.labelled
diagram showing vibration waves from blasting site affecting nearby buildings.” Search
string: “ground vibration blasting effects diagram OER.”

e Plate 5.2 Fly rock and dust from blasting. Suggested Al prompt: “Provide an image of
blasting operation showing fly rock and dust clouds.” Search string: “fly rock dust blasting
OER images.”

e Box 5.2 Ecological impacts of blasting. Suggested Al prompt: “Generate a simple
infographic showing water contamination, soilimpact, and vegetation disturbance from
blasting.” Search string: “ecological impacts blasting infographic OER.”

o Figure 5.3 Controlled blasting techniques. Suggested Al prompt: “Create a labelled diagram
showing presplitting, cushion blasting, and line drilling techniques in blasting.” Search
string: “controlled blasting techniques diagram OER.”

e Plate 5.3 Blast mats used to contain fly rock. Suggested Al prompt: “Provide an image of
blast mats covering a blast'site to contain fly rock.” Search string: “blast mats blasting site
OER images.”

e Box 5.3 Monitoring and mitigation strategies in blasting. Suggested Al prompt: “Generate a
simple infographic showing seismographs, dust suppression, and noise control methods in
blasting.” Search string: “monitoring mitigation blasting infographic OER.”

o Box 5.4 Environmentalregulations in blasting. Suggested Al prompt: “Generate a simple
infographic'listing national laws and international standards governing blasting
operations.” Search string: “environmental regulations blasting infographic OER.”

o Figure 5.4 Best practices for sustainable blasting. Suggested Al prompt: “Create a labelled
diagram showing controlled blasting, dust suppression, and safe disposal as sustainable
practices.” Search string: “sustainable blasting practices diagram OER.”

e | Plate 5.4 Community engagement in blasting projects. Suggested Al prompt: “Provide an
image of community meeting discussing blasting schedules and safety measures.” Search
string: “community engagement blasting projects OER images.”
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