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•  Course code: MNE 502 

•  Course title: Mine Surveying 

•  Course credit load: 3 

 

 

Series 1: Fundamentals of Mine Surveying 
Series outline 

• Part 1: Principles of Mine Surveying 

o Definition and scope of mine surveying 

o Differences between surface and underground surveying 

o Importance of surveying in mining operations 

• Part 2: Surveying Equipment and Techniques 

o Mining theodolite and its unique features 

o Comparison with land surveying theodolite 
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o Basic operation and handling of equipment 

• Part 3: Survey Control and Applications 

o Establishing survey control points 

o Applications in mine planning and design 

o Role of surveying in slope stability and excavation 

• Part 4: Data Processing and Presentation 

o Mathematical concepts in survey data processing 

o Presentation of survey results using cartographic principles 

o Integration of survey data into mining layouts 

 

 

 

Introduction 

Mining operations rely heavily on accurate measurements and representations of both the surface 
and subsurface. Without precise surveying, mine planning would be unreliable, slope stability 
could be compromised, and mineral reserves might be miscalculated. This Series sets the stage for 
your journey into mine surveying by introducing its fundamental principles, equipment, and 
applications. It is the foundation upon which the rest of the course builds, ensuring you can 
appreciate the unique role surveying plays in safe and efficient mining. 

The aim of this Series is to equip you with the essential knowledge and skills to define mine 
surveying, differentiate between surface and underground practices, operate basic surveying 
equipment, and process survey data for practical mining applications. 

We shall commence this Series by examining the principles of mine surveying, focusing on its 
scope, differences between surface and underground methods, and its importance in mining 
operations. Next, we will explore surveying equipment and techniques, with particular attention 
to the mining theodolite and its unique features. Following that, we will consider survey control 
and applications, where you will learn how survey data supports excavation, slope stability, and 
mine planning. Finally, we will wrap up with data processing and presentation, highlighting how 
mathematical concepts and cartographic principles are applied to transform raw survey data into 
useful mining layouts. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define mine surveying and explain its scope, 
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• SLO 1.2 differentiate between surface and underground surveying, 

• SLO 1.3 explain the unique features of mining surveying equipment, 

• SLO 1.4 apply surveying techniques to establish control points and support mine planning, 

• SLO 1.5 process survey data using mathematical concepts, and 

• SLO 1.6 present survey results effectively using cartographic principles. 

 

1.1 Principles Of Mine Surveying 

1.1.1 Definition and scope of mine surveying 

Mine surveying is the specialised branch of surveying concerned with measuring, mapping, and 
analysing both the surface and underground features of mining areas. It provides essential data for 
mine planning, design, and safety. Unlike general land surveying, mine surveying must address 
dynamic geological conditions, displacement of rocks, and the need for precise control in confined 
underground spaces. 

Diagram showing the scope of mine surveying (surface and underground). Figure 1.1: Scope of 
mine surveying  

Mine surveying differs from land surveying because it involves both ______ and underground 
measurements. 

 

1.1.2 Differences between surface and underground surveying 
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Surface surveying refers to measurements taken on open ground such as quarries or open cast 
mines. It focuses on terrain mapping, slope stability, drainage, and excavation layouts. 
Underground surveying is conducted within mine tunnels, shafts, and chambers. It requires 
specialised instruments such as the mining theodolite, which is adapted for limited visibility and 
confined spaces. 

Comparison of surface and underground surveying. Table 1.1: Key differences between surface and 
underground surveying  

Surface surveying is mainly concerned with ______, while underground surveying focuses on 
______. 

 

1.1.3 Importance of surveying in mining operations 

Surveying is vital in mining because it ensures accurate mine planning, supports safe excavation, 
and provides data for drilling, blasting, and transport operations. It also assists in mineral reserve 
estimation and displacement analysis. Without reliable surveying, mining operations risk 
inefficiency, safety hazards, and poor resource management. 
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Image of surveyors working in an open cast mine. Plate 1.1: Surveying in mining operations  

One major importance of mine surveying is that it ensures ______ in mine planning and design. 

 

Pilot questions 1.1 

1. Define mine surveying in one sentence. 

2. State two differences between surface and underground surveying. 

3. Why is mine surveying considered essential in mining operations? 

4. Which type of surveying is more concerned with slope stability? 

5. Which type of surveying is conducted in confined spaces? 

 

1.2 Surveying Equipment And Techniques 

1.2.1 Mining theodolite and its unique features 

The mining theodolite is a specialised instrument used for measuring horizontal and vertical 
angles in underground mines. Unlike the standard land surveying theodolite, it is designed to 
function effectively in confined spaces with limited lighting. Its compact structure, reinforced 
casing, and adaptability to harsh underground conditions make it indispensable for underground 
surveying. 
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Diagram of a mining theodolite showing its components. Figure 1.2: Mining theodolite and its 
features  

The mining theodolite differs from the land surveying theodolite because it is adapted for ______ 
conditions. 

 

1.2.2 Comparison with land surveying theodolite 

While both instruments measure angles, the mining theodolite is more robust and compact. Land 
surveying theodolites are typically larger, designed for open terrain, and rely on natural lighting. In 
contrast, mining theodolites often incorporate illumination systems and are resistant to dust, 
moisture, and vibrations. 
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Comparison of mining and land surveying theodolites. Table 1.2: Differences between mining and 
land surveying theodolites  

Surface surveying instruments are designed for ______ terrain, while mining theodolites are 
designed for ______ environments. 

 

1.2.3 Basic operation and handling of equipment 

Operating surveying equipment requires precision and care. The mining theodolite must be 
properly set up on a stable tripod, aligned with control points, and calibrated before use. Surveyors 
must ensure that readings are taken consistently and recorded accurately. Proper handling 
extends the lifespan of the instrument and ensures reliable results. 
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Photograph of a surveyor setting up a theodolite in a mine. Plate 1.2: Surveyor operating a mining 
theodolite  

Accurate surveying depends on proper ______ and calibration of equipment. 

 

Pilot questions 1.2 

1. What is the primary function of a mining theodolite? 

2. State two differences between mining and land surveying theodolites. 

3. Why is the mining theodolite more suitable for underground conditions? 

4. What precaution must be taken before operating surveying equipment? 

5. Which type of theodolite is designed for open terrain? 

 

1.3 Survey Control And Applications 

1.3.1 Establishing survey control points 

Survey control points are fixed reference positions used to ensure accuracy and consistency in 
mine surveying. They serve as benchmarks from which all subsequent measurements are taken. In 
mining, control points are established both on the surface and underground, allowing surveyors to 
connect different sections of the mine with precision. These points must be carefully selected, 
marked, and maintained to avoid errors in mine planning. 
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Diagram showing survey control points in an open cast mine. Figure 1.3: Establishing survey control 
points  

Survey control points are important because they provide ______ for accurate measurements. 

 

1.3.2 Applications in mine planning and design 

Surveying data is fundamental to mine planning, which involves designing excavation layouts, 
transport routes, and drainage systems. Accurate survey control ensures that the mine design 
reflects the true dimensions of the deposit and supports efficient extraction. Surveying also aids in 
the design of shafts and tunnels, ensuring alignment with mineral deposits and minimising risks. 
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Box 1.1: Applications of survey control in mine planning 

Surveying data is essential in mine planning because it ensures ______ layouts and designs. 

 

1.3.3 Role of surveying in slope stability and excavation 

Surveying plays a critical role in monitoring slope stability in open cast mines and quarries. By 
measuring angles of slopes and tracking deformation, surveyors can identify potential hazards and 
recommend corrective measures. Surveying also supports excavation by providing accurate data 
for drilling and blasting operations, ensuring that material is removed safely and efficiently. 
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Photograph of slope monitoring in an open cast mine. Plate 1.3: Surveying for slope stability  

Slope stability monitoring is important because it helps prevent ______ in open cast mines. 

 

Pilot questions 1.3 

1. What are survey control points and why are they important? 

2. State two applications of survey control in mine planning. 

3. How does surveying support excavation operations? 

4. Which aspect of mining safety is directly linked to slope stability monitoring? 

5. Why must survey control points be carefully maintained? 

 

1.4 Data Processing And Presentation 

1.4.1 Mathematical concepts in survey data processing 

Survey data collected in mining operations must be processed using relevant mathematical 
concepts, which are methods applied to transform raw measurements into usable information. 
These include trigonometric calculations for angles, coordinate geometry for positioning, and 
statistical methods for error adjustment. Processing ensures that data is accurate, consistent, and 
suitable for application in mine planning. 
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Diagram showing mathematical processing of survey data. Figure 1.4: Mathematical concepts in 
survey data processing  

Accurate survey data depends on proper application of ______ concepts. 

 

1.4.2 Presentation of survey results using cartographic principles 

Cartography is the science and art of map-making. In mine surveying, cartographic principles are 
applied to present processed data in the form of maps, plans, and layouts. These outputs allow 
engineers and planners to visualise terrain, excavation sites, and underground workings. Effective 
presentation ensures that survey results are easily interpreted and applied in decision-making. 
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Box 1.2: Cartographic principles in mine surveying 

Cartography in mine surveying is important because it transforms ______ into visual layouts. 

 

1.4.3 Integration of survey data into mining layouts 

Processed and presented survey data is integrated into mining layouts, which are three-
dimensional designs of mines. These layouts guide excavation, transport, and drainage systems. 
Integration ensures that survey results are not just theoretical but are applied practically in mine 
design and operations. It also supports the use of modern tools such as Geographic Information 
Systems (GIS) for advanced planning. 
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Image of a mining layout plan generated from survey data. Plate 1.4: Mining layout based on survey 
data  

Mining layouts depend on the integration of ______ data into practical designs. 

 

Pilot questions 1.4 

1. Which mathematical concepts are commonly used in survey data processing? 

2. What is cartography and why is it important in mine surveying? 

3. State two cartographic principles applied in survey result presentation. 

4. How does survey data integration support mining layouts? 

5. Which modern tool enhances the integration of survey data into mine planning? 

 

Series Summary 

This Series has introduced you to the fundamentals of mine surveying, highlighting its purpose and 
relevance in mining operations. We began by defining mine surveying and explaining its scope, then 
distinguished between surface and underground surveying, before considering its importance in 
ensuring safe and efficient mining. Following that, we examined surveying equipment and 
techniques, focusing on the mining theodolite and its unique features compared with land 
surveying instruments. We then explored survey control and applications, showing how control 
points support mine planning, excavation, and slope stability. Finally, we discussed data 
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processing and presentation, emphasising the role of mathematical concepts, cartographic 
principles, and integration into mining layouts. 

By completing this Series, you should now be able to define mine surveying and explain its scope 
(SLO 1.1), differentiate between surface and underground surveying (SLO 1.2), explain the unique 
features of mining surveying equipment (SLO 1.3), apply surveying techniques to establish control 
points and support mine planning (SLO 1.4), process survey data using mathematical concepts 
(SLO 1.5), and present survey results effectively using cartographic principles (SLO 1.6). 

Glossary of Terms 

• Cartography: The science and art of map-making, used in mine surveying to present 
processed data visually. 

• Mine surveying: The specialised branch of surveying concerned with measuring and 
mapping both surface and underground mine features. 

• Mining theodolite: A compact and robust instrument designed for measuring angles in 
underground mines. 

• Survey control points: Fixed reference positions used to ensure accuracy and consistency 
in mine surveying. 

• Surface surveying: Surveying conducted on open terrain such as quarries or open cast 
mines. 

• Underground surveying: Surveying conducted within mine tunnels, shafts, and chambers, 
often requiring specialised instruments. 

Concept Check Questions [Series 1] 

Objective questions 

1. Mine surveying differs from land surveying because it involves both ______ and underground 
measurements. (Linked to SLO 1.1) 

2. Which instrument is specifically adapted for underground surveying? (Linked to SLO 1.3) 

3. Survey control points are important because they provide ______ for accurate 
measurements. (Linked to SLO 1.4) 

Short-answer questions 

4. Explain two differences between surface and underground surveying. (Linked to SLO 1.2) 

5. State two cartographic principles applied in mine surveying. (Linked to SLO 1.6) 

Long-answer questions 

6. Analyse the importance of mine surveying in ensuring safety and efficiency in mining 
operations. (Linked to SLO 1.1, SLO 1.2, SLO 1.4) 
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o Basic response: Based on Series-only knowledge, learners should explain how 
surveying supports mine planning, slope stability, and excavation. 

o Value-added response: Outstanding learners may extend the analysis by linking 
surveying to modern tools such as GIS and photogrammetry, and evaluating its role 
in long-term resource management. 

Answers to Concept Check Questions [Series 1] 

1. Surface and underground measurements. 

2. Mining theodolite. 

3. Benchmarks or reference positions. 

4. Surface surveying is conducted on open terrain, while underground surveying is conducted 
in confined mine workings. 

5. Use of scale, application of symbols, clear legends and orientation. 

6. Basic response: Mine surveying ensures accurate planning, supports slope stability, and 
guides excavation. Value-added response: It also integrates with GIS and photogrammetry, 
enhancing resource management and long-term mine safety. 

Answers to Pilot Questions [Series 1] 

1. Mine surveying is the measurement and mapping of surface and underground mine 
features. 

2. Surface surveying is conducted on open terrain, while underground surveying is conducted 
in confined mine workings. 

3. It ensures accurate planning, safety, and efficient resource management. 

4. Surface surveying. 

5. Underground surveying. 

6. To measure horizontal and vertical angles in underground mines. 

7. Mining theodolite is compact and robust, land surveying theodolite is larger and designed 
for open terrain. 

8. It is adapted for confined and harsh underground conditions. 

9. Proper calibration and alignment. 

10. Land surveying theodolite. 

11. Fixed reference positions for accuracy. 

12. Designing excavation layouts and planning transport routes. 
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13. By providing accurate data for drilling and blasting. 

14. Slope stability. 

15. To avoid errors in mine planning. 

16. Trigonometry, coordinate geometry, and statistics. 

17. Cartography is the science of map-making, important for presenting survey data. 

18. Use of scale and symbols. 

19. It guides excavation, transport, and drainage systems. 

20. Geographic Information Systems (GIS). 

References and Attributions [Series 1] 

• Course document: MNE 502: Mine Surveying. 

• Suggested OER sources: 

o “Mine surveying scope diagram OER” for Figure 1.1. 

o “Surface vs underground mine surveying OER” for Table 1.1. 

o “Mine surveyors open cast mine OER image” for Plate 1.1. 

o “Mining theodolite diagram OER” for Figure 1.2. 

o “Mining vs land surveying theodolite OER” for Table 1.2. 

o “Mine surveyor using theodolite OER image” for Plate 1.2. 

o “Mine survey control points diagram OER” for Figure 1.3. 

o “Mine planning survey applications OER” for Box 1.1. 

o “Mine slope stability surveying OER image” for Plate 1.3. 

o “Mine survey data processing mathematics OER diagram” for Figure 1.4. 

o “Cartography principles mine surveying OER” for Box 1.2. 

o “Mine layout plan survey data OER image” for Plate 1.4. 

 

 

 

Series 2: Surface And Open Cast Surveying 
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Series outline 

• Part 2.1 Surveying in open cast mines 

o Building and construction of open cast deposits 

o Layout and excavation planning 

• Part 2.2 Calculations for mining operations 

o Drilling and blasting calculations 

o Excavation and transport operations 

o Drainage considerations 

• Part 2.3 Mine survey control in slope stability 

o Factors affecting slope stability and deformation 

o Methods of calculating slope angles 

o Monitoring and corrective measures 

• Part 2.4 Applications of survey data in quarry operations 

o Integration of survey data into quarry design 

o Supporting safe and efficient operations 

 

 

Introduction 

Mining on the surface, particularly in open cast operations, requires careful surveying to ensure 
that excavation, transport, and slope stability are managed safely and efficiently. Unlike 
underground surveying, surface and open cast surveying deals with large exposed areas, where 
accurate measurements are vital for planning and controlling mining activities. This Series is 
designed to help you appreciate the practical applications of surveying in open cast mines and 
quarries, and to understand how survey data supports safe and productive operations. 

The aim of this Series is to equip you with the knowledge and skills to apply surveying techniques in 
open cast mines, perform calculations for mining operations, monitor slope stability, and integrate 
survey data into quarry design. 

We shall commence this Series by exploring surveying in open cast mines, focusing on the 
construction and layout of deposits. Next, we will examine calculations for mining operations, 
including drilling, blasting, excavation, transport, and drainage. Following that, we will consider 
mine survey control in slope stability, where you will learn about factors affecting slope 
deformation and methods of calculating slope angles. Finally, we will conclude with applications 
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of survey data in quarry operations, showing how survey results are integrated into design and 
used to support safe and efficient mining practices. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 explain the role of surveying in open cast mine construction and layout, 

• SLO 2.2 perform basic calculations for drilling, blasting, excavation, transport, and 
drainage operations, 

• SLO 2.3 analyse factors affecting slope stability and demonstrate methods of calculating 
slope angles, and 

• SLO 2.4 apply survey data to quarry design and evaluate its role in supporting safe and 
efficient operations. 

 

2.1 Surveying In Open Cast Mines 

2.1.1 Building and construction of open cast deposits 

Open cast mining refers to the extraction of minerals from a large open pit or quarry on the 
surface. Surveying plays a crucial role in the building and construction of these deposits by 
providing accurate measurements of terrain, boundaries, and excavation depths. Surveyors 
establish reference points and align excavation plans with geological data to ensure that the 
deposit is mined efficiently and safely. 



 

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

 
Diagram showing layout of an open cast mine with survey points. Figure 2.1: Surveying layout in 
open cast mining  

Surveying in open cast mining is essential because it ensures ______ alignment of excavation with 
deposit boundaries. 

 

2.1.2 Layout and excavation planning 

Surveying data is used to design the layout of open cast mines, including excavation zones, 
haulage roads, and drainage systems. Accurate layouts prevent unnecessary removal of material 
and reduce operational costs. Excavation planning involves determining the depth, slope, and 
sequence of material removal, all of which depend on precise survey measurements. 
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Box 2.1: Key elements of excavation planning in open cast mines 

Excavation planning relies on survey data to determine ______ and sequence of material removal. 

 

Pilot questions 2.1 

1. What is open cast mining? 

2. Why is surveying important in the construction of open cast deposits? 

3. State two elements of excavation planning supported by survey data. 

4. How does surveying reduce operational costs in open cast mines? 

5. Which aspect of excavation planning ensures proper sequencing of material removal? 

 

2.2 Calculations For Mining Operations 

2.2.1 Drilling and blasting calculations 

Drilling and blasting are essential processes in open cast mining, used to break rock into 
manageable fragments. Surveying provides the measurements needed to calculate hole positions, 
depths, and spacing. Accurate calculations ensure efficient fragmentation, minimise waste, and 
reduce safety risks. Surveyors must record coordinates and angles carefully to guide drilling rigs 
and blasting patterns. 
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Diagram showing drilling and blasting layout in an open cast mine. Figure 2.2: Drilling and blasting 
calculations  

Drilling and blasting calculations are important because they ensure ______ fragmentation of rock. 

 

2.2.2 Excavation and transport operations 

Surveying data supports excavation operations by determining the depth and slope of cuts, 
ensuring that material is removed safely and efficiently. It also guides the design of transport 
routes, such as haulage roads, which must be aligned with excavation zones and slope gradients. 
Proper calculations reduce fuel consumption, prevent accidents, and optimise the movement of 
materials. 
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Photograph of haulage trucks operating in an open cast mine. Plate 2.2: Excavation and transport 
operations  

Excavation and transport operations depend on survey data to determine ______ and safe haulage 
routes. 

 

2.2.3 Drainage considerations 

Effective drainage is critical in open cast mines to prevent flooding and slope instability. Surveying 
helps calculate gradients and design drainage channels that direct water away from excavation 
zones. Proper drainage calculations reduce erosion, protect equipment, and maintain safe working 
conditions. 



 

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

Box 2.2: Surveying applications in drainage planning 

Drainage planning is important because it prevents ______ and slope instability in open cast mines. 

 

Pilot questions 2.2 

1. Why are drilling and blasting calculations important in open cast mining? 

2. State two ways surveying supports excavation operations. 

3. How does surveying improve transport operations in mines? 

4. What role does surveying play in drainage planning? 

5. Which aspect of mine safety is directly linked to effective drainage? 

 

2.3 Mine Survey Control In Slope Stability 

2.3.1 Factors affecting slope stability and deformation 

Slope stability refers to the ability of a slope in an open cast mine or quarry to remain intact 
without collapsing. Surveying helps identify factors that affect stability, such as geological 
structure, water infiltration, excavation depth, and blasting vibrations. Deformation occurs when 
slopes shift or move due to these influences, and surveyors must monitor such changes to prevent 
hazards. 
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Diagram showing factors affecting slope stability in open cast mines. Figure 2.3: Factors 
influencing slope stability  

Slope stability is influenced by factors such as ______, water infiltration, and blasting vibrations. 

 

2.3.2 Methods of calculating slope angles 

Surveyors use trigonometric methods and field measurements to calculate slope angles. These 
calculations determine whether a slope is safe or requires reinforcement. The angle of repose, 
which is the steepest angle at which material remains stable, is a key parameter. Accurate slope 
angle calculations help prevent landslides and ensure safe excavation. 
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Comparison of slope angle calculation methods. Table 2.3: Methods of calculating slope angles  

The angle of repose is defined as the steepest angle at which ______ remains stable. 

 

2.3.3 Monitoring and corrective measures 

Surveying provides continuous monitoring of slopes to detect early signs of instability. Techniques 
include periodic angle measurements, deformation mapping, and use of control points. Corrective 
measures may involve drainage improvements, slope reinforcement, or adjusting excavation 
methods. By applying survey data, engineers can design safer slopes and reduce risks of collapse. 
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Photograph of slope monitoring equipment in a quarry. Plate 2.3: Monitoring slope stability in 
quarry operations  

Monitoring slopes is important because it helps detect ______ signs of instability. 

 

Pilot questions 2.3 

1. What is slope stability in mining? 

2. State two factors that affect slope stability. 

3. What is the angle of repose? 

4. Why are slope angle calculations important in open cast mines? 

5. Mention one corrective measure used to improve slope stability. 

 

2.4 Applications Of Survey Data In Quarry Operations 

2.4.1 Integration of survey data into quarry design 

Surveying provides the essential measurements required to design quarries. Quarry design refers 
to the planned arrangement of excavation zones, haulage routes, and drainage systems. By 
integrating survey data, engineers can ensure that the design reflects the actual terrain and 
geological conditions. This integration reduces waste, improves efficiency, and enhances safety. 
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Diagram showing integration of survey data into quarry design. Figure 2.4: Integration of survey data 
into quarry design  

Quarry design depends on survey data because it ensures ______ alignment with terrain and 
geological conditions. 

 

2.4.2 Supporting safe and efficient operations 

Survey data supports safe and efficient quarry operations by guiding excavation, monitoring slope 
stability, and planning transport routes. It also helps in identifying hazards such as weak rock zones 
or water infiltration. By applying survey results, quarry managers can make informed decisions that 
protect workers and equipment while maximising productivity. 
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Photograph of quarry operations guided by survey data. Plate 2.4: Survey data supporting quarry 
operations  

Survey data supports quarry operations because it helps identify ______ and ensures safe 
excavation. 

 

Pilot questions 2.4 

1. What is quarry design and why is survey data important in it? 

2. State two ways survey data supports safe quarry operations. 

3. How does survey data improve efficiency in quarry design? 

4. Which hazards can survey data help identify in quarries? 

5. Why is survey data essential for planning transport routes in quarry operations? 

 

Series Summary 

This Series has focused on the practical aspects of surface and open cast surveying, showing how 
survey data underpins safe and efficient mining operations. We began by examining surveying in 
open cast mines, where accurate measurements guide the construction of deposits and 
excavation layouts. We then explored calculations for mining operations, including drilling, 
blasting, excavation, transport, and drainage planning. Following that, we considered mine survey 
control in slope stability, highlighting factors that influence deformation, methods of calculating 



 

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

slope angles, and monitoring techniques. Finally, we looked at applications of survey data in quarry 
operations, demonstrating how integration into design supports safety and productivity. 

By completing this Series, you should now be able to explain the role of surveying in open cast mine 
construction and layout (SLO 2.1), perform basic calculations for mining operations (SLO 2.2), 
analyse slope stability factors and calculate slope angles (SLO 2.3), and apply survey data to 
quarry design while evaluating its role in safe and efficient operations (SLO 2.4). 

Glossary of Terms 

• Angle of repose: The steepest angle at which material remains stable without sliding. 

• Drainage: The system of channels designed to remove water from excavation zones. 

• Excavation planning: The process of designing depth, slope, and sequence of material 
removal in open cast mines. 

• Open cast mining: The extraction of minerals from a large open pit or quarry on the 
surface. 

• Quarry design: The planned arrangement of excavation zones, haulage routes, and 
drainage systems in a quarry. 

• Slope stability: The ability of a slope to remain intact without collapsing. 

• Survey control points: Fixed reference positions used to ensure accuracy in surveying 
measurements. 

Concept Check Questions [Series 2] 

Objective questions 

1. Open cast mining refers to the extraction of minerals from a ______. (Linked to SLO 2.1) 

2. Drilling and blasting calculations are important because they ensure ______ fragmentation 
of rock. (Linked to SLO 2.2) 

3. The angle of repose is defined as the steepest angle at which ______ remains stable. (Linked 
to SLO 2.3) 

Short-answer questions 

4. State two elements of excavation planning supported by survey data. (Linked to SLO 2.1) 

5. Mention two hazards that survey data can help identify in quarry operations. (Linked to SLO 
2.4) 

Long-answer questions 

6. Analyse the importance of survey data in slope stability monitoring and corrective 
measures. (Linked to SLO 2.3) 
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o Basic response: Learners should explain how survey data helps calculate slope 
angles, monitor deformation, and guide corrective measures. 

o Value-added response: Outstanding learners may extend the analysis by linking 
slope stability monitoring to modern technologies such as GIS, drones, and remote 
sensing. 

Answers to Concept Check Questions [Series 2] 

1. Large open pit or quarry. 

2. Efficient fragmentation. 

3. Material. 

4. Excavation depth and haulage road design. 

5. Weak rock zones and water infiltration. 

6. Basic response: Survey data ensures slope angles are calculated accurately, deformation 
is monitored, and corrective measures such as drainage or reinforcement are applied. 
Value-added response: Modern technologies like GIS, drones, and remote sensing enhance 
slope monitoring and provide real-time data for proactive safety management. 

Answers to Pilot Questions [Series 2] 

1. Extraction of minerals from a large open pit or quarry. 

2. It ensures accurate alignment of excavation with deposit boundaries. 

3. Excavation depth and drainage planning. 

4. By preventing unnecessary removal of material and reducing costs. 

5. Sequencing of material removal. 

6. They ensure efficient fragmentation and reduce safety risks. 

7. By determining excavation depth and slope. 

8. By aligning haulage roads with excavation zones and gradients. 

9. It helps calculate gradients and design drainage channels. 

10. Slope stability. 

11. The ability of a slope to remain intact without collapsing. 

12. Geological structure and water infiltration. 

13. The steepest angle at which material remains stable. 

14. They prevent landslides and ensure safe excavation. 
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15. Drainage improvements or slope reinforcement. 

16. Quarry design is the planned arrangement of excavation zones, haulage routes, and 
drainage systems; survey data ensures alignment with terrain. 

17. By guiding excavation and monitoring slope stability. 

18. It reduces waste and improves efficiency. 

19. Weak rock zones and water infiltration. 

20. Because it ensures safe and efficient movement of materials. 

References and Attributions [Series 2] 

• Course document: MNE 502: Mine Surveying. 

• Suggested OER sources: 

o “Open cast mine survey layout diagram OER” for Figure 2.1. 

o “Excavation planning open cast mine OER” for Box 2.1. 

o “Open cast mine drilling blasting diagram OER” for Figure 2.2. 

o “Open cast mine haulage trucks OER image” for Plate 2.2. 

o “Mine drainage planning survey OER” for Box 2.2. 

o “Slope stability factors open cast mine OER diagram” for Figure 2.3. 

o “Slope angle calculation methods OER table” for Table 2.3. 

o “Quarry slope monitoring equipment OER image” for Plate 2.3. 

o “Quarry design survey data integration OER diagram” for Figure 2.4. 

o “Quarry operations survey data OER image” for Plate 2.4. 

 

 

 

Series 3: Underground Mine Surveying 
Series outline 

• Part 3.1 Surveying in underground mine workings 

o Shaft construction and alignment 

o Tunnel and chamber surveying 
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o Mineral contact mapping 

• Part 3.2 Instruments and techniques for underground surveying 

o Specialised instruments for confined spaces 

o Illumination and visibility adaptations 

o Handling and calibration in underground conditions 

• Part 3.3 Survey control and displacement monitoring 

o Establishing underground control points 

o Monitoring rock displacement and deformation 

o Safety implications of displacement data 

• Part 3.4 Applications of underground survey data 

o Integration into mine design and planning 

o Supporting drilling and blasting operations 

o Ensuring safety in underground excavation 

 

 

 

Introduction 

Underground mine surveying is one of the most specialised aspects of surveying in mining 
engineering. Unlike surface or open cast operations, underground surveying takes place in 
confined, poorly lit, and often complex environments where accuracy is critical for safety and 
productivity. This Series introduces you to the principles, instruments, and applications of 
underground mine surveying, preparing you to understand how survey data supports the design, 
monitoring, and safe operation of underground mines. 

The aim of this Series is to equip you with the knowledge and skills to conduct surveys in 
underground workings, operate specialised instruments, establish control points, monitor 
displacement, and apply survey data to mine design and excavation. 

We shall commence this Series by exploring surveying in underground mine workings, focusing 
on shafts, tunnels, chambers, and mineral contact mapping. Next, we will examine instruments 
and techniques for underground surveying, highlighting adaptations for confined spaces and 
visibility challenges. Following that, we will consider survey control and displacement 
monitoring, where you will learn how to establish underground control points and track rock 
movement. Finally, we will conclude with applications of underground survey data, showing how 
processed results are integrated into mine design, drilling, blasting, and safety management. 
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Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 explain the role of surveying in underground mine workings, including shafts, 
tunnels, and chambers, 

• SLO 3.2 describe specialised instruments and techniques used in underground surveying, 

• SLO 3.3 establish underground survey control points and analyse displacement data, and 

• SLO 3.4 apply underground survey data to mine design, drilling, blasting, and safety 
operations. 

 

3.1 Surveying In Underground Mine Workings 

3.1.1 Shaft construction and alignment 

Shaft construction in underground mines involves sinking vertical or inclined passages to access 
mineral deposits. Surveying ensures shafts are aligned correctly with surface control points and 
geological targets. Accurate alignment prevents costly deviations and supports safe transport of 
materials and personnel. Surveyors use specialised instruments to measure angles and depths, 
maintaining precision throughout construction. 

Diagram showing shaft alignment with surface control points. Figure 3.1: Shaft construction and 
alignment in underground mines  

Shaft construction requires surveying to ensure ______ alignment with geological targets. 
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3.1.2 Tunnel and chamber surveying 

Tunnel surveying involves measuring and mapping horizontal passages, while chamber surveying 
focuses on larger underground spaces used for mineral extraction. Surveyors establish control 
points, measure angles, and record distances to ensure tunnels and chambers follow planned 
layouts. This prevents structural weaknesses and ensures efficient access to mineral deposits. 

Photograph of surveyors working in an underground tunnel. Plate 3.1: Tunnel surveying in 
underground mines  

Tunnel surveying is important because it ensures ______ layouts and prevents structural 
weaknesses. 

 

3.1.3 Mineral contact mapping 

Mineral contact mapping is the process of identifying and recording the boundaries between ore 
and surrounding rock. Surveyors use measurements and geological observations to map these 
contacts accurately. This information guides excavation, ensuring that valuable ore is extracted 
efficiently while minimising waste. 
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Box 3.1: Applications of mineral contact mapping 

Mineral contact mapping is essential because it helps identify ______ between ore and surrounding 
rock. 

 

Pilot questions 3.1 

1. What is shaft construction in underground mining? 

2. Why is surveying important in shaft alignment? 

3. State two purposes of tunnel and chamber surveying. 

4. What is mineral contact mapping? 

5. How does mineral contact mapping support reserve estimation? 

 

3.2 Instruments And Techniques For Underground Surveying 

3.2.1 Specialised instruments for confined spaces 

Underground surveying requires specialised instruments, which are tools adapted to function in 
confined and poorly lit environments. Examples include compact mining theodolites, short-base 
distance meters, and portable laser scanners. These instruments are designed to withstand dust, 
moisture, and vibrations while maintaining accuracy. Their portability ensures surveyors can 
manoeuvre easily within narrow tunnels and chambers. 
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Diagram showing specialised instruments used in underground surveying. Figure 3.2: Specialised 
instruments for confined spaces  

Specialised instruments are important because they are adapted to ______ environments with 
limited space and lighting. 

 

3.2.2 Illumination and visibility adaptations 

Since underground mines often lack natural light, survey instruments are fitted with illumination 
systems such as built-in lamps or reflective targets. These adaptations improve visibility and allow 
surveyors to take accurate readings even in dark conditions. Reflective prisms and illuminated 
reticles are commonly used to enhance precision. 
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Photograph of a surveyor using illuminated equipment underground. Plate 3.2: Illumination 
adaptations in underground surveying  

Illumination systems in underground surveying are necessary because they improve ______ in dark 
conditions. 

 

3.2.3 Handling and calibration in underground conditions 

Survey instruments must be handled carefully and calibrated regularly to maintain accuracy. 
Underground conditions such as vibration, moisture, and restricted movement can affect readings. 
Surveyors must stabilise tripods, protect instruments from dust, and check calibration before each 
use. Proper handling ensures reliable data and extends the lifespan of equipment. 
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Box 3.2: Best practices for handling underground surveying instruments 

Calibration of instruments is important because it ensures ______ accuracy in underground 
conditions. 

 

Pilot questions 3.2 

1. Why are specialised instruments necessary for underground surveying? 

2. State two illumination adaptations used in underground surveying. 

3. What challenges affect instrument accuracy underground? 

4. Mention two best practices for handling underground surveying instruments. 

5. Why is calibration essential in underground surveying? 

 

3.3 Survey Control And Displacement Monitoring 

3.3.1 Establishing underground control points 

Survey control points in underground mines are fixed reference markers used to maintain 
accuracy in measurements. They connect underground workings to surface control networks, 
ensuring consistency across the mine. Control points are carefully placed in stable areas of 
tunnels or chambers, marked permanently, and checked regularly to avoid errors. 
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Diagram showing underground control points linked to surface benchmarks. Figure 3.3: 
Establishing underground survey control points  

Underground control points are important because they provide ______ for accurate 
measurements and alignment. 

 

3.3.2 Monitoring rock displacement and deformation 

Rock displacement monitoring involves measuring shifts or movements in underground 
structures. Surveyors use control points, laser scanning, and deformation mapping to detect 
changes. Monitoring deformation helps identify risks such as roof falls, wall collapses, or 
subsidence. Accurate displacement data allows engineers to take preventive measures before 
hazards occur. 
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Photograph of surveyors monitoring rock displacement underground. Plate 3.3: Monitoring rock 
displacement in underground mines  

Monitoring rock displacement is essential because it helps detect ______ risks in underground 
mines. 

 

3.3.3 Safety implications of displacement data 

Survey data on displacement has direct safety implications. It informs engineers about unstable 
zones, supports reinforcement decisions, and guides excavation methods. By analysing 
displacement data, mines can reduce accidents, protect workers, and maintain structural 
integrity. Safety management in underground mines relies heavily on accurate and timely survey 
information. 
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Box 3.3: Safety applications of displacement data 

Displacement data is critical for safety because it helps identify ______ zones and guide 
reinforcement. 

 

Pilot questions 3.3 

1. What are underground survey control points? 

2. Why are control points important in underground surveying? 

3. What is rock displacement monitoring? 

4. State two safety implications of displacement data. 

5. How does monitoring deformation prevent accidents in underground mines? 

 

3.4 Applications Of Underground Survey Data 

3.4.1 Integration into mine design and planning 

Survey data collected underground is integrated into mine design, ensuring that shafts, tunnels, 
and chambers align with geological structures and mineral deposits. Accurate integration reduces 
waste, improves efficiency, and supports long-term planning. It also helps engineers visualise 
underground layouts and make informed decisions about excavation methods. 
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Diagram showing integration of underground survey data into mine design. Figure 3.4: Integration of 
survey data into mine design  

Mine design depends on survey data because it ensures ______ alignment with geological 
structures and deposits. 

 

3.4.2 Supporting drilling and blasting operations 

Survey data guides drilling and blasting by providing accurate coordinates, angles, and depths. 
This ensures that holes are drilled in the correct positions and blasting patterns achieve efficient 
fragmentation. Proper application of survey data reduces risks of overbreak, minimises waste, and 
enhances safety in confined underground spaces. 
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Photograph of drilling operations in an underground mine. Plate 3.4: Survey data supporting drilling 
operations  

Survey data supports drilling and blasting because it ensures ______ positioning and efficient 
fragmentation. 

 

3.4.3 Ensuring safety in underground excavation 

Safety in underground mines relies heavily on survey data. By monitoring displacement, mapping 
mineral contacts, and guiding excavation layouts, surveyors help prevent collapses and accidents. 
Survey data also supports ventilation planning and hazard identification, making underground 
operations safer for workers. 
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Box 3.4: Safety applications of underground survey data 

Survey data enhances safety because it helps identify ______ and supports safe excavation layouts. 

 

Pilot questions 3.4 

1. Why is survey data important in mine design and planning? 

2. How does survey data support drilling and blasting operations? 

3. State two safety applications of underground survey data. 

4. What role does survey data play in ventilation planning? 

5. How does survey data reduce risks in underground excavation? 

 

Series Summary 

This Series has explored the specialised field of underground mine surveying, emphasising its role 
in ensuring accuracy, safety, and efficiency in confined mining environments. We began with 
surveying in underground workings, focusing on shafts, tunnels, chambers, and mineral contact 
mapping. We then examined instruments and techniques adapted for underground conditions, 
including specialised tools, illumination systems, and calibration practices. Following that, we 
studied survey control and displacement monitoring, highlighting the establishment of 
underground control points, monitoring rock movement, and the safety implications of 
displacement data. Finally, we considered applications of underground survey data, showing how 
it supports mine design, drilling, blasting, and safe excavation. 
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By completing this Series, you should now be able to explain the role of surveying in underground 
mine workings (SLO 3.1), describe specialised instruments and techniques (SLO 3.2), establish 
control points and analyse displacement data (SLO 3.3), and apply survey results to mine design, 
drilling, blasting, and safety operations (SLO 3.4). 

Glossary of Terms 

• Chamber surveying: Measuring and mapping larger underground spaces used for mineral 
extraction. 

• Mineral contact mapping: Identifying and recording boundaries between ore and 
surrounding rock. 

• Rock displacement monitoring: Measuring shifts or movements in underground 
structures to detect instability. 

• Shaft construction: Sinking vertical or inclined passages to access underground mineral 
deposits. 

• Survey control points: Fixed reference markers used to maintain accuracy in underground 
measurements. 

• Tunnel surveying: Measuring and mapping horizontal underground passages. 

Concept Check Questions [Series 3] 

Objective questions 

1. Shaft construction in underground mines involves sinking ______ passages to access 
deposits. (Linked to SLO 3.1) 

2. Specialised instruments are necessary in underground surveying because they are adapted 
to ______ environments. (Linked to SLO 3.2) 

3. Rock displacement monitoring is important because it helps detect ______ risks. (Linked to 
SLO 3.3) 

Short-answer questions 

4. State two purposes of tunnel and chamber surveying. (Linked to SLO 3.1) 

5. Mention two safety applications of underground survey data. (Linked to SLO 3.4) 

Long-answer questions 

6. Analyse the importance of displacement monitoring in underground mines. (Linked to SLO 
3.3) 

o Basic response: Learners should explain how displacement monitoring detects 
instability, supports reinforcement, and prevents accidents. 
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o Value-added response: Outstanding learners may extend the analysis by linking 
displacement monitoring to modern technologies such as laser scanning, GIS, and 
remote sensing, and evaluating its role in predictive safety management. 

Answers to Concept Check Questions [Series 3] 

1. Vertical or inclined. 

2. Confined. 

3. Safety. 

4. Ensuring planned layouts and preventing structural weaknesses. 

5. Preventing collapses and guiding safe excavation layouts. 

6. Basic response: Displacement monitoring detects instability, supports reinforcement, and 
prevents accidents. Value-added response: Modern technologies like laser scanning, GIS, 
and remote sensing enhance monitoring, providing predictive data for proactive safety 
management. 

Answers to Pilot Questions [Series 3] 

1. Sinking vertical or inclined passages to access mineral deposits. 

2. It ensures alignment with geological targets and surface control points. 

3. To ensure planned layouts and prevent structural weaknesses. 

4. Identifying and recording boundaries between ore and surrounding rock. 

5. By providing accurate data on ore boundaries. 

6. They are adapted to confined and poorly lit environments. 

7. Reflective prisms and illuminated reticles. 

8. Vibration, moisture, and restricted movement. 

9. Stabilising tripods and protecting instruments from dust. 

10. It ensures reliable accuracy in underground conditions. 

11. Fixed reference markers used to maintain accuracy. 

12. They provide benchmarks for alignment. 

13. Measuring shifts or movements in underground structures. 

14. Identifying unstable zones and guiding excavation methods. 

15. By detecting early signs of instability. 
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16. It ensures alignment with geological structures and deposits. 

17. By providing coordinates, angles, and depths for drilling. 

18. Preventing collapses and supporting ventilation planning. 

19. It ensures airflow is directed safely through mine workings. 

20. By guiding excavation layouts and identifying hazards. 

References and Attributions [Series 3] 

• Course document: MNE 502: Mine Surveying. 

• Suggested OER sources: 

o “Underground mine shaft alignment survey OER diagram” for Figure 3.1. 

o “Underground mine tunnel surveying OER image” for Plate 3.1. 

o “Mineral contact mapping underground mine OER” for Box 3.1. 

o “Underground mine surveying instruments OER diagram” for Figure 3.2. 

o “Underground mine surveying illuminated equipment OER image” for Plate 3.2. 

o “Underground mine surveying instrument handling OER” for Box 3.2. 

o “Underground mine survey control points OER diagram” for Figure 3.3. 

o “Underground mine rock displacement monitoring OER image” for Plate 3.3. 

o “Safety applications displacement data underground mine OER” for Box 3.3. 

o “Underground mine survey data integration OER diagram” for Figure 3.4. 

o “Underground mine drilling operations survey OER image” for Plate 3.4. 

o “Underground mine safety survey data OER” for Box 3.4. 

 

 

 

Series 4: Mineral Reserve Estimation And Rock 
Displacement 
Series outline 

• Part 4.1 Principles of mineral reserve estimation 
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o Definition and importance of reserve estimation 

o Categories of mineral reserves (proved, probable, possible) 

o Geological and survey data requirements 

• Part 4.2 Methods of reserve estimation 

o Geometrical methods (cross-section, polygonal, triangular) 

o Statistical and geostatistical methods 

o Computer-assisted modelling 

• Part 4.3 Rock displacement and deformation 

o Causes of rock displacement in mines 

o Surveying techniques for monitoring deformation 

o Safety implications of displacement data 

• Part 4.4 Applications of reserve estimation and displacement data 

o Integration into mine planning and design 

o Supporting excavation and production scheduling 

o Enhancing safety and resource management 

 

 

Introduction 

Accurate estimation of mineral reserves and monitoring of rock displacement are fundamental to 
modern mining operations. Reserve estimation ensures that the quantity and quality of mineral 
deposits are known before extraction, guiding investment, planning, and production. Rock 
displacement monitoring, on the other hand, safeguards workers and equipment by detecting 
shifts and deformations in underground and surface structures. Together, these processes 
combine economic efficiency with safety management, making them indispensable in mine 
surveying. 

The aim of this Series is to equip you with the knowledge and skills to estimate mineral reserves 
using different methods, understand the causes and monitoring of rock displacement, and apply 
survey data to mine planning, production scheduling, and safety management. 

We shall commence this Series by exploring the principles of mineral reserve estimation, 
focusing on definitions, categories, and data requirements. Next, we will examine methods of 
reserve estimation, including geometrical, statistical, and computer-assisted approaches. 
Following that, we will consider rock displacement and deformation, where you will learn about 
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causes, monitoring techniques, and safety implications. Finally, we will conclude with 
applications of reserve estimation and displacement data, showing how these results are 
integrated into mine planning, production, and safety strategies. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1 explain the principles and categories of mineral reserve estimation, 

• SLO 4.2 apply geometrical, statistical, and computer-assisted methods of reserve 
estimation, 

• SLO 4.3 analyse causes of rock displacement and demonstrate surveying techniques for 
monitoring deformation, and 

• SLO 4.4 evaluate applications of reserve estimation and displacement data in mine 
planning, production scheduling, and safety management. 

 

4.1 Principles Of Mineral Reserve Estimation 

4.1.1 Definition and importance of reserve estimation 

Mineral reserve estimation is the process of calculating the quantity and quality of mineral 
deposits available for extraction. It is a critical step in mine planning because it determines the 
economic viability of a mining project. Accurate reserve estimation ensures that investors, 
engineers, and managers can make informed decisions about production, costs, and 
sustainability. 
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Diagram showing the relationship between mineral reserves, resources, and mine planning. Figure 
4.1: Mineral reserve estimation in mine planning  

Reserve estimation is important because it determines the ______ viability of a mining project. 

 

4.1.2 Categories of mineral reserves 

Mineral reserves are classified into categories based on the level of confidence in geological data: 

• Proved reserves: High confidence, based on detailed exploration and sampling. 

• Probable reserves: Moderate confidence, supported by limited exploration data. 

• Possible reserves: Low confidence, inferred from geological evidence but not fully verified. 
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Comparison of mineral reserve categories. Table 4.1: Categories of mineral reserves  

Proved reserves are those with ______ confidence based on detailed exploration. 

 

4.1.3 Geological and survey data requirements 

Accurate reserve estimation depends on reliable geological and survey data. Geological data 
includes rock types, mineralisation patterns, and structural features. Survey data provides 
measurements of deposit dimensions, volumes, and boundaries. Together, these datasets allow 
engineers to calculate reserves with precision and reduce uncertainty. 
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Box 4.1: Data requirements for reserve estimation 

Reserve estimation requires geological and survey data to reduce ______ in calculations. 

 

Pilot questions 4.1 

1. What is mineral reserve estimation? 

2. Why is reserve estimation important in mine planning? 

3. State the three categories of mineral reserves. 

4. Which category of reserves has the highest confidence level? 

5. Mention two types of data required for accurate reserve estimation. 

 

4.2 Methods Of Reserve Estimation 

4.2.1 Geometrical methods 

Geometrical methods are traditional approaches that use shapes and measurements to estimate 
reserves. Common techniques include: 

• Cross-section method: Calculates reserves by measuring areas of ore bodies in vertical 
sections and multiplying by thickness. 

• Polygonal method: Divides the deposit into polygons around sample points, estimating 
reserves based on average grades. 
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• Triangular method: Uses triangles formed between sample points to calculate ore 
volumes and grades. 

Diagram showing cross-section, polygonal, and triangular methods. Figure 4.2: Geometrical 
methods of reserve estimation  

Geometrical methods are useful because they provide ______ estimates based on shapes and 
measurements. 

 

4.2.2 Statistical and geostatistical methods 

Statistical methods use averages, variances, and probability to estimate reserves from sampling 
data. Geostatistical methods, such as kriging, apply advanced mathematical models to predict 
ore grades and continuity across deposits. These methods reduce uncertainty and provide more 
reliable estimates compared to purely geometrical approaches. 
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Comparison of statistical and geostatistical methods. Table 4.2: Statistical vs. geostatistical 
methods  

Geostatistical methods are important because they reduce ______ and improve reliability of reserve 
estimates. 

 

4.2.3 Computer-assisted modelling 

Modern reserve estimation often relies on computer-assisted modelling. Software tools integrate 
geological, survey, and sampling data to create 3D models of ore bodies. These models allow 
engineers to visualise deposits, simulate mining scenarios, and calculate reserves with high 
precision. Computer modelling also supports dynamic updates as new data becomes available. 
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Screenshot of computer-assisted modelling software for reserve estimation. Plate 4.2: Computer-
assisted modelling in reserve estimation  

Computer-assisted modelling is valuable because it allows ______ visualisation and dynamic 
updates of ore bodies. 

 

Pilot questions 4.2 

1. What are geometrical methods of reserve estimation? 

2. State two examples of geometrical methods. 

3. How do statistical methods differ from geostatistical methods? 

4. Why are geostatistical methods considered more reliable? 

5. What advantages does computer-assisted modelling provide in reserve estimation? 

 

4.3 Rock Displacement And Deformation 

4.3.1 Causes of rock displacement in mines 

Rock displacement refers to the movement or shifting of rock masses within a mine. It can be 
caused by several factors: 

• Stress redistribution after excavation 

• Blasting vibrations 
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• Water infiltration and pressure 

• Geological faults and weak zones 

Understanding these causes helps surveyors and engineers anticipate risks and design preventive 
measures. 

Diagram showing causes of rock displacement in underground mines. Figure 4.3: Causes of rock 
displacement  

Rock displacement may occur due to stress redistribution, blasting vibrations, ______, and 
geological faults. 

 

4.3.2 Surveying techniques for monitoring deformation 

Surveyors use specialised techniques to monitor deformation in rock structures. These include: 

• Control point measurements to detect shifts 

• Laser scanning for detailed 3D mapping 

• Extensometers and strain gauges for measuring movement 

• Photogrammetry for visual analysis of deformation 

These techniques provide early warnings of instability, allowing corrective measures to be taken 
before accidents occur. 
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Photograph of surveyors using laser scanning equipment underground. Plate 4.3: Surveying 
techniques for monitoring deformation  

Surveying techniques are important because they provide ______ warnings of instability in rock 
structures. 

 

4.3.3 Safety implications of displacement data 

Displacement data has direct safety implications in mining operations. It helps identify unstable 
zones, guides reinforcement decisions, and informs excavation methods. By analysing 
displacement data, engineers can reduce accidents, protect workers, and maintain structural 
integrity. 
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Box 4.3: Safety applications of displacement data 

Displacement data is critical for safety because it helps identify ______ zones and guide 
reinforcement. 

 

Pilot questions 4.3 

1. What is rock displacement in mining? 

2. State two causes of rock displacement. 

3. Mention two techniques used to monitor deformation. 

4. Why is displacement data important for safety? 

5. How does monitoring deformation reduce accidents in mines? 

 

4.4 Applications Of Reserve Estimation And Displacement Data 

4.4.1 Integration into mine planning and design 

Survey data from reserve estimation and displacement monitoring is integrated into mine 
planning to ensure efficient extraction and long-term sustainability. Reserve figures guide the 
layout of shafts, tunnels, and stopes, while displacement data informs reinforcement and 
excavation strategies. Together, they provide a balanced approach to economic viability and 
safety. 
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Diagram showing integration of reserve estimation and displacement data into mine planning. 
Figure 4.4: Integration of reserve estimation and displacement data into mine planning  

Mine planning depends on reserve estimation and displacement data because they ensure ______ 
viability and safety. 

 

4.4.2 Supporting excavation and production scheduling 

Reserve estimation provides accurate figures for production scheduling, ensuring that extraction 
targets are realistic and achievable. Displacement data supports excavation by identifying stable 
zones and guiding reinforcement. Together, they help managers schedule operations efficiently 
while minimising risks. 
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Photograph of excavation operations guided by reserve estimation data. Plate 4.4: Excavation and 
production scheduling supported by survey data  

Production scheduling relies on reserve estimation because it ensures ______ extraction targets 
and efficient operations. 

 

4.4.3 Enhancing safety and resource management 

Safety and resource management are enhanced when survey data is applied effectively. Reserve 
estimation prevents over-extraction and waste, while displacement monitoring reduces accidents 
by detecting unstable zones. Together, they ensure that resources are used responsibly and 
workers remain protected. 
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Box 4.4: Safety and resource management applications 

Survey data enhances safety and resource management because it prevents ______ and protects 
workers. 

 

Pilot questions 4.4 

1. Why is reserve estimation important in mine planning? 

2. How does displacement data support excavation? 

3. State two ways reserve estimation supports production scheduling. 

4. Mention two safety applications of displacement data. 

5. How does survey data improve resource management in mining? 

 

Series Summary 

This Series has examined the dual themes of mineral reserve estimation and rock displacement 
monitoring, both of which are central to mine surveying. We began with the principles of reserve 
estimation, defining its importance and categorising reserves into proved, probable, and possible. 
Next, we explored methods of reserve estimation, including geometrical, statistical, geostatistical, 
and computer-assisted approaches. We then studied rock displacement and deformation, 
identifying causes, surveying techniques, and safety implications. Finally, we considered 
applications of reserve estimation and displacement data, showing how they are integrated into 
mine planning, production scheduling, and safety management. 
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By completing this Series, you should now be able to explain the principles and categories of 
reserve estimation (SLO 4.1), apply different estimation methods (SLO 4.2), analyse causes of rock 
displacement and monitor deformation (SLO 4.3), and evaluate applications of reserve estimation 
and displacement data in planning and safety (SLO 4.4). 

Glossary of Terms 

• Cross-section method: A geometrical reserve estimation technique using vertical sections 
of ore bodies. 

• Geostatistical methods: Advanced mathematical approaches, such as kriging, used to 
predict ore grades and continuity. 

• Mineral reserve estimation: The process of calculating the quantity and quality of mineral 
deposits available for extraction. 

• Possible reserves: Reserves inferred from geological evidence but with low confidence. 

• Proved reserves: Reserves with high confidence, based on detailed exploration and 
sampling. 

• Rock displacement: Movement or shifting of rock masses within a mine. 

• Triangular method: A geometrical reserve estimation technique using triangles formed 
between sample points. 

Concept Check Questions [Series 4] 

Objective questions 

1. Mineral reserve estimation determines the ______ viability of a mining project. (Linked to 
SLO 4.1) 

2. Proved reserves are those with ______ confidence based on detailed exploration. (Linked to 
SLO 4.1) 

3. Geostatistical methods are important because they reduce ______ in reserve estimation. 
(Linked to SLO 4.2) 

Short-answer questions 

4. State two geometrical methods of reserve estimation. (Linked to SLO 4.2) 

5. Mention two causes of rock displacement in mines. (Linked to SLO 4.3) 

Long-answer questions 

6. Analyse the applications of reserve estimation and displacement data in mine planning. 
(Linked to SLO 4.4) 
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o Basic response: Learners should explain how reserve estimation guides layouts and 
production scheduling, while displacement data informs reinforcement and safety. 

o Value-added response: Outstanding learners may extend the analysis by linking 
these applications to modern technologies such as 3D modelling, GIS, and 
predictive safety systems. 

Answers to Concept Check Questions [Series 4] 

1. Economic. 

2. High. 

3. Uncertainty. 

4. Cross-section method and polygonal method. 

5. Stress redistribution and blasting vibrations. 

6. Basic response: Reserve estimation guides layouts and production scheduling, while 
displacement data informs reinforcement and safety. Value-added response: Modern 
technologies like 3D modelling, GIS, and predictive safety systems enhance planning and 
safety management. 

Answers to Pilot Questions [Series 4] 

1. It is the process of calculating the quantity and quality of mineral deposits available for 
extraction. 

2. It determines the economic viability of a mining project. 

3. Proved, probable, and possible reserves. 

4. Proved reserves. 

5. Geological mapping and survey measurements. 

6. Geometrical methods use shapes and measurements to estimate reserves. 

7. Cross-section and triangular methods. 

8. Statistical methods use averages, while geostatistical methods apply advanced models 
like kriging. 

9. They reduce uncertainty and improve reliability. 

10. They allow 3D visualisation and dynamic updates. 

11. Stress redistribution after excavation. 

12. Blasting vibrations. 
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13. Control point measurements and laser scanning. 

14. It helps identify unstable zones and guide reinforcement. 

15. By providing early warnings of instability. 

16. They ensure economic viability and safety in mine planning. 

17. By identifying stable zones and guiding reinforcement. 

18. By providing accurate figures for extraction targets. 

19. Detecting unstable zones and guiding excavation methods. 

20. It prevents over-extraction and waste, ensuring responsible resource use. 

References and Attributions [Series 4] 

• Course document: MNE 502: Mine Surveying. 

• Suggested OER sources: 

o “Mineral reserve estimation mine planning OER diagram” for Figure 4.1. 

o “Categories of mineral reserves OER table” for Table 4.1. 

o “Geological survey data mineral reserve estimation OER” for Box 4.1. 

o “Geometrical methods mineral reserve estimation OER diagram” for Figure 4.2. 

o “Statistical geostatistical mineral reserve estimation OER table” for Table 4.2. 

o “Computer-assisted modelling mineral reserve estimation OER image” for Plate 
4.2. 

o “Causes of rock displacement in mines OER diagram” for Figure 4.3. 

o “Underground mine rock deformation monitoring OER image” for Plate 4.3. 

o “Safety applications rock displacement data OER” for Box 4.3. 

o “Integration reserve estimation displacement data mine planning OER diagram” for 
Figure 4.4. 

o “Mine excavation production scheduling reserve estimation OER image” for Plate 
4.4. 

o “Safety resource management reserve estimation displacement data OER” for Box 
4.4. 
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Series 5: Remote Sensing, GIS, And Computer 
Applications 
Series outline 

• Part 5.1 Principles of remote sensing in mining 

o Definition and importance of remote sensing 

o Types of sensors (optical, radar, thermal) 

o Applications in mineral exploration and monitoring 

• Part 5.2 GIS applications in mine surveying 

o GIS fundamentals and data layers 

o Spatial analysis for mine planning 

o Integration of survey data into GIS platforms 

• Part 5.3 Computer applications in mine surveying 

o Software tools for 3D modelling and visualisation 

o Data processing and automation 

o Simulation and predictive analysis 

• Part 5.4 Integration of remote sensing, GIS, and computer applications 

o Combined use for mineral reserve estimation 

o Monitoring environmental impacts 

o Enhancing safety and operational efficiency 

 

 

Introduction 

Modern mine surveying has evolved beyond traditional field instruments, embracing advanced 
technologies such as remote sensing, Geographic Information Systems (GIS), and computer 
applications. These tools allow surveyors to collect, process, and analyse vast amounts of spatial 
and geological data with greater accuracy and efficiency. Remote sensing provides imagery and 
sensor data from satellites and drones, GIS enables spatial analysis and integration of multiple 
datasets, while computer applications support modelling, simulation, and automation. 
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The aim of this Series is to introduce you to the principles and applications of these technologies in 
mining. You will learn how remote sensing supports mineral exploration and monitoring, how GIS 
enhances mine planning and survey data management, and how computer applications enable 3D 
modelling, predictive analysis, and integration of multiple datasets. 

We shall commence this Series by exploring the principles of remote sensing in mining, focusing 
on sensor types and applications. Next, we will examine GIS applications in mine surveying, 
highlighting spatial analysis and integration of survey data. Following that, we will consider 
computer applications in mine surveying, including software tools for modelling and automation. 
Finally, we will conclude with integration of remote sensing, GIS, and computer applications, 
showing how these technologies work together to improve reserve estimation, environmental 
monitoring, and safety. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 explain the principles of remote sensing and its applications in mining, 

• SLO 5.2 apply GIS tools for spatial analysis and integration of survey data, 

• SLO 5.3 describe computer applications used in mine surveying for modelling, automation, 
and predictive analysis, and 

• SLO 5.4 evaluate the integration of remote sensing, GIS, and computer applications in mine 
planning, monitoring, and safety management. 

 

5.1 Principles Of Remote Sensing In Mining 

5.1.1 Definition and importance of remote sensing 

Remote sensing is the science of obtaining information about objects or areas from a distance, 
typically using satellites, drones, or aircraft. In mining, it provides imagery and sensor data that 
help identify mineral deposits, monitor environmental changes, and support exploration. Remote 
sensing reduces the need for extensive ground surveys, saving time and resources. 
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Diagram showing remote sensing data collection from satellites and drones. Figure 5.1: Remote 
sensing in mining  

Remote sensing is important in mining because it provides ______ information without direct 
contact. 

 

5.1.2 Types of sensors used in mining 

Remote sensing relies on different types of sensors, each capturing specific data: 

• Optical sensors: Capture visible and near-infrared light, useful for mapping surface 
features. 

• Radar sensors: Use radio waves to penetrate clouds and vegetation, providing structural 
information. 

• Thermal sensors: Detect heat variations, useful for identifying geothermal activity and 
mineralisation zones. 
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Comparison of sensor types in remote sensing. Table 5.1: Types of sensors used in mining  

Radar sensors are valuable because they can penetrate ______ and vegetation to reveal structures. 

 

5.1.3 Applications in mineral exploration and monitoring 

Remote sensing has wide applications in mining: 

• Identifying potential mineral deposits through spectral analysis 

• Monitoring land use and vegetation changes around mines 

• Detecting environmental impacts such as erosion or pollution 

• Supporting geological mapping and resource estimation 
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Box 5.1: Applications of remote sensing in mining 

Remote sensing supports exploration because it helps identify ______ deposits through spectral 
analysis. 

 

Pilot questions 5.1 

1. What is remote sensing in mining? 

2. State two types of sensors used in remote sensing. 

3. Why are radar sensors useful in mining? 

4. Mention two applications of remote sensing in mineral exploration. 

5. How does remote sensing support environmental monitoring? 

 

5.2 GIS Applications In Mine Surveying 

5.2.1 GIS fundamentals and data layers 

Geographic Information Systems (GIS) are computer-based tools that capture, store, analyse, 
and display spatial data. In mine surveying, GIS integrates geological, environmental, and survey 
datasets into layered maps. Each data layer represents a specific aspect, such as geology, 
topography, or infrastructure, allowing surveyors to visualise complex relationships. 
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Diagram showing GIS data layers (geology, topography, infrastructure). Figure 5.2: GIS 
fundamentals and data layers in mine surveying  

GIS uses data layers to represent ______ aspects such as geology, topography, and infrastructure. 

 

5.2.2 Spatial analysis for mine planning 

Spatial analysis in GIS involves examining spatial relationships between features. In mining, this 
includes analysing ore distribution, proximity to faults, and accessibility of deposits. Spatial 
analysis supports mine planning by identifying optimal locations for shafts, tunnels, and 
processing facilities. 
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Screenshot of GIS spatial analysis applied to mine planning. Plate 5.2: Spatial analysis in mine 
planning  

Spatial analysis is important in mine planning because it identifies ______ locations for shafts and 
tunnels. 

 

5.2.3 Integration of survey data into GIS platforms 

Survey data collected in the field can be integrated into GIS platforms for analysis and 
visualisation. This includes coordinates, elevations, and boundaries measured by surveyors. 
Integration ensures that survey data is combined with geological and environmental datasets, 
providing a comprehensive view of mining areas. 



 

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

Box 5.2: Benefits of integrating survey data into GIS 

Integrating survey data into GIS is beneficial because it provides ______ visualisation and supports 
accurate decisions. 

 

Pilot questions 5.2 

1. What is GIS in mine surveying? 

2. What are data layers in GIS? 

3. Why is spatial analysis important in mine planning? 

4. Mention two benefits of integrating survey data into GIS platforms. 

5. How does GIS support decision-making in mining? 

 

5.3 Computer Applications In Mine Surveying 

5.3.1 Software tools for 3D modelling and visualisation 

Modern mine surveying relies heavily on computer applications for creating 3D models of ore 
bodies and mine layouts. Software such as CAD (Computer-Aided Design) and specialised mining 
packages allow surveyors to visualise deposits, tunnels, and shafts in three dimensions. These 
models improve accuracy, support planning, and help communicate complex data to engineers 
and managers. 
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Diagram showing 3D modelling of ore bodies using computer software. Figure 5.3: 3D modelling in 
mine surveying  

Computer applications are valuable because they provide ______ visualisation of ore bodies and 
mine layouts. 

 

5.3.2 Data processing and automation 

Computer applications also support data processing and automation. Survey data collected from 
instruments can be processed quickly using software, reducing human error and saving time. 
Automation tools can generate maps, calculate volumes, and update models dynamically as new 
data is added. 
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Screenshot of automated data processing software in mine surveying. Plate 5.3: Automated data 
processing in mine surveying  

Automation in computer applications is important because it reduces ______ error and speeds up 
calculations. 

 

5.3.3 Simulation and predictive analysis 

Computer applications enable simulation and predictive analysis, allowing surveyors and 
engineers to test different mining scenarios. Simulations can predict how excavation will affect 
stability, ventilation, and production. Predictive analysis uses algorithms to forecast resource 
availability and potential hazards, supporting proactive decision-making. 
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Box 5.3: Applications of simulation and predictive analysis 

Simulation is useful because it allows surveyors to test ______ scenarios and predict hazards. 

 

Pilot questions 5.3 

1. What role do computer applications play in 3D modelling? 

2. How does automation improve data processing in mine surveying? 

3. Mention two benefits of simulation in mine surveying. 

4. Why is predictive analysis important in mining operations? 

5. How do computer applications reduce human error in survey data? 

 

5.4 Integration Of Remote Sensing, GIS, And Computer Applications 

5.4.1 Combined use for mineral reserve estimation 

When remote sensing, GIS, and computer applications are integrated, they provide powerful 
tools for mineral reserve estimation. Remote sensing supplies imagery and spectral data, GIS 
organises and analyses spatial information, and computer applications model ore bodies in 3D. 
Together, they improve accuracy, reduce uncertainty, and support efficient resource evaluation. 
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Diagram showing integration of remote sensing, GIS, and computer modelling for reserve 
estimation. Figure 5.4: Integration of technologies for reserve estimation  

Integration of these technologies improves reserve estimation by reducing ______ and enhancing 
accuracy. 

 

5.4.2 Monitoring environmental impacts 

Integrated technologies also support environmental monitoring. Remote sensing detects land 
use changes, GIS maps environmental features, and computer applications simulate impacts of 
mining activities. This integration helps identify erosion, pollution, and deforestation, enabling 
mines to comply with environmental regulations and adopt sustainable practices. 
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Satellite image showing environmental monitoring around a mining site. Plate 5.4: Monitoring 
environmental impacts using integrated technologies  

Environmental monitoring is enhanced because integration helps detect ______ changes such as 
erosion and deforestation. 

 

5.4.3 Enhancing safety and operational efficiency 

Safety and operational efficiency are improved when these technologies are combined. Remote 
sensing identifies unstable zones, GIS integrates displacement and geological data, and computer 
applications simulate excavation scenarios. This integration allows proactive reinforcement, better 
ventilation planning, and safer scheduling of operations. 
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Box 5.4: Safety and efficiency applications of integrated technologies 

Integration enhances safety because it identifies ______ zones and supports proactive 
reinforcement. 

 

Pilot questions 5.4 

1. How do remote sensing, GIS, and computer applications work together in reserve 
estimation? 

2. Why is integration important for environmental monitoring? 

3. State two safety applications of integrated technologies. 

4. How does integration improve operational efficiency? 

5. Mention one example of environmental change detected through integration. 

 

Series Summary 

This Series has explored the role of remote sensing, GIS, and computer applications in mine 
surveying. We began with the principles of remote sensing, examining sensor types and their 
applications in mineral exploration and monitoring. Next, we studied GIS applications, focusing on 
data layers, spatial analysis, and integration of survey data. We then considered computer 
applications, highlighting 3D modelling, automation, and predictive analysis. Finally, we examined 
the integration of these technologies, showing how they work together to improve reserve 
estimation, environmental monitoring, safety, and operational efficiency. 
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By completing this Series, you should now be able to explain the principles of remote sensing (SLO 
5.1), apply GIS tools in mine surveying (SLO 5.2), describe computer applications for modelling and 
predictive analysis (SLO 5.3), and evaluate the integration of these technologies in mining 
operations (SLO 5.4). 

Glossary of Terms 

• Data layers: Individual thematic maps in GIS representing geology, topography, or 
infrastructure. 

• Geographic Information Systems (GIS): Computer-based tools for capturing, storing, 
analysing, and displaying spatial data. 

• Optical sensors: Remote sensing devices that capture visible and near-infrared light. 

• Radar sensors: Remote sensing devices that use radio waves to penetrate clouds and 
vegetation. 

• Remote sensing: Obtaining information about objects or areas from a distance using 
satellites, drones, or aircraft. 

• Simulation: Computer-based modelling of mining scenarios to predict outcomes. 

• Spectral analysis: Examination of reflected light to identify mineral deposits. 

Concept Check Questions [Series 5] 

Objective questions 

1. Remote sensing is important in mining because it provides ______ information without 
direct contact. (Linked to SLO 5.1) 

2. Radar sensors are valuable because they can penetrate ______ and vegetation. (Linked to 
SLO 5.1) 

3. GIS uses data layers to represent ______ aspects such as geology and infrastructure. 
(Linked to SLO 5.2) 

Short-answer questions 

4. State two applications of GIS in mine surveying. (Linked to SLO 5.2) 

5. Mention two benefits of automation in computer applications. (Linked to SLO 5.3) 

Long-answer questions 

6. Analyse the importance of integrating remote sensing, GIS, and computer applications in 
mining operations. (Linked to SLO 5.4) 

o Basic response: Learners should explain how integration improves reserve 
estimation, environmental monitoring, and safety. 
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o Value-added response: Outstanding learners may extend the analysis by linking 
integration to sustainability, predictive safety systems, and advanced 3D modelling. 

Answers to Concept Check Questions [Series 5] 

1. Spatial. 

2. Clouds. 

3. Thematic. 

4. Spatial analysis for mine planning and integration of survey data. 

5. Reduces human error and speeds up calculations. 

6. Basic response: Integration improves reserve estimation, environmental monitoring, and 
safety. Value-added response: Integration supports sustainability, predictive safety 
systems, and advanced 3D modelling for proactive decision-making. 

Answers to Pilot Questions [Series 5] 

1. Remote sensing is the science of obtaining information about objects or areas from a 
distance using satellites, drones, or aircraft. 

2. Optical sensors and radar sensors. 

3. They penetrate clouds and vegetation to reveal structures. 

4. Identifying mineral deposits and monitoring environmental impacts. 

5. By detecting land use changes, erosion, and pollution. 

6. GIS is a computer-based tool for capturing, storing, analysing, and displaying spatial data. 

7. Data layers represent geology, topography, and infrastructure. 

8. It identifies optimal locations for shafts and tunnels. 

9. It combines survey, geological, and environmental datasets. 

10. It supports accurate decision-making in mine planning. 

11. They provide 3D visualisation of ore bodies and mine layouts. 

12. Automation reduces human error and speeds up calculations. 

13. Testing excavation scenarios and predicting hazards. 

14. It forecasts resource availability and supports proactive decisions. 

15. By processing survey data quickly and accurately. 
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16. Remote sensing supplies imagery, GIS organises spatial data, and computer applications 
model ore bodies. 

17. It helps detect erosion, pollution, and deforestation. 

18. Identifying unstable zones and supporting ventilation planning. 

19. By improving operational scheduling and efficiency. 

20. Erosion detected through satellite imagery. 

References and Attributions [Series 5] 

• Course document: MNE 502: Mine Surveying. 

• Suggested OER sources: 

o “Remote sensing mining exploration OER diagram” for Figure 5.1. 

o “Types of sensors remote sensing mining OER table” for Table 5.1. 

o “Applications of remote sensing mining OER” for Box 5.1. 

o “GIS data layers mine surveying OER diagram” for Figure 5.2. 

o “GIS spatial analysis mine planning OER image” for Plate 5.2. 

o “Integration survey data GIS mine surveying OER” for Box 5.2. 

o “3D modelling computer applications mine surveying OER diagram” for Figure 5.3. 

o “Automated data processing mine surveying OER image” for Plate 5.3. 

o “Simulation predictive analysis mine surveying OER” for Box 5.3. 

o “Integration remote sensing GIS computer applications reserve estimation OER 
diagram” for Figure 5.4. 

o “Environmental monitoring mining remote sensing GIS OER image” for Plate 5.4. 

o “Safety efficiency integration remote sensing GIS computer mining OER” for Box 
5.4. 

 

 


