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Series 1: Fundamentals of Mine Surveying
Series outline
e 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
e 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
e 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
e Part4: 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 byintroducingits fundamental principles, equipment, and
applications. Itis 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
usefulmining layouts.

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

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

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

e SLO 1.4 apply surveying techniques to establish control points and support mine planning;
e SLO 1.5 process survey data using mathematical concepts, and

e 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.

SCOPE OF MINE SURVEYING: SURFACE AND UNDERGROUND INTEGRATION

SURFACE SURVEYING ' UNDERGROUND SURVEYING A
(ABOVE GROUND) SURFACE-UNDERGROUND (MINE TUNNELS) ¢
2 - CONNECTION s
urface Data
< Cgr:tsrg(ggi?ﬂ UAV Aerial UAv E Survey Station = Underground Data

Total Station

Mapping
Setup T

Underground (PlUg/Spad&

Traverse Line yro-Theodolite
ee—

- Qrientation

i\

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.

TN COMPARISON OF SURFACE VS. UNDERGROUND MINE SURVEYING % gﬂ
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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 surveyingin 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 surveyingis thatit 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. Whichtype 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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MINING THEODOLITE (MODEL GTL-100) - KEY COMPONENTS
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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.

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



COMPARISON OF MINING THEODOLITE VS. ;
LAND SURVEYING THEODOLITE FEATURES ;/K

MINING THEODOLITE (UNDERGROUND) FEATURE LAND SURVEYING THEODOLITE (SURFACE)
@ Underground, confined, dusty, humid, low light. Primary Environment /}\ Surface, open, exposed to weather, variable light.
L High IP rating (1P67+), dust/waterproof. E"""%'}g‘ﬁg{glg)ea“"g I\ Moderate IP rating (IP54+), dust/splash resistant.
s=g=0 Built-in reticle illumination for dark conditions. Telescope lllumination A Natural daylight optics, optional external illumination.
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for vertical shaft alignment.

=1, Compact, shorter telescope, robust carry handle, . - Full-sized, often longer telescope, standard carry
easy to transport in confined spaces. Size and Portability handle.

Specialized, often detachable tribrach designed ; ; e ;
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Extremely high precision for short-range tunnel

Laser Plummet A\ Standard optical or single downward laser plummet.
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Gyro-theodolite attachment. Gyro Attachment Capability setup.
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chemically resistant materials.
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=¥\ deformation monitoring.

Durability and Ruggedness ﬁ\ Durable, but less extreme impact resistance.

Topographic mapping, boundary surveys,

Key Survey Tasks construction staking, control points.

Comparison of mining and land surveying theodolites. Table 1.2: Differences between mining and
land surveying theodolites

Surface surveying instruments are designedfor 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, alighed 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. Whatis 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. Whichtype 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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OPEN CAST MINE SURVEY CONTROL NETWORK: TYPICAL POINT HIERARCHY
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APPLICATIONS OF SURVEY CONTROL IN MINE PLANNING

KEY APPLICATIONS OF SURVEY CONTROL l N

Accurate survey control points (Primary, Secondary, Operational) form the spatial
backbone of mine planning, enabling precision in every phase:
1. Design & Engineering:

« Providing precise coordinates for mine layout (pit limits, bench heights, ramp gradients).

« Ensuring infrastructure (plants, roads, dumps) is built exactly to design specifications. |,
2. Operational Guidance:

« Guiding heavy machinery (excavators, drills) via machine control systems to exact
dig lines and drill patterns. PA—

« Maintaining alignment of underground tunnels, shafts, and declines.
3. Resource Management:

« Defining and tracking ore bodies with high accuracy.

« Calculating precise volumes for ore extraction and waste removal (reconciliation).
4. Safety & Compliance:

. :\ggmomréng high-wall stability and detecting ground movement (deformation) in

« Ensuring adherence to legal boundaries and environmental permits.
5. Data Integration & Visualization:

« Serving as the foundation for integrating data from diverse sources (geological,
geotechnical, aerial).
« Creating accurate 3D models and maps for planning and stakeholder reporting.

&
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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 andtracking 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 materialis removed safely and efficiently.
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Photograph of slope monitoring in an open cast mine. Plate 1.3: Surveying for slope stability
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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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APPLICATION OF TRIGONOMETRY AND COORDINATE GEOMETRY IN MINE SURVEY DATA PROCESSING
TRIGONOMETRY IN THE FIELD /S G g 1
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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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CARTOGRAPHIC PRINCIPLES IN MINE SURVEYING

KEY CARTOGRAPHIC PRINCIPLES

Accurate and effective mine maps integrate rigorous survey data with cartographic rules:

1. Scale and Projections:
« Utilize precise local and national coordinate systems (e.g., UTM, State Plane) tailored to the mine site.
 Maintain a consistent and clearly defined graphic scale bar for accurate distance measurement.

2. Symbols and Legend:
 Employ standardized, industry-accepted symbols for surface features (crushers, roads) and
underground workings (tunnels, shafts, ore bodies).
« A comprehensive legend deciphers all symbols, line types, and color coding for different ore grades
or geological units.
3. Contour Lines and Topography:
« Represent surface terrain accurately using contour lines with appropriate intervals.
. hntea:ate underground workings relative to surface topography, showing cross-sections and
epth.

4. Georeferencing and Accuracy:
« Ensure all map elements are correctly georeferenced to the survey control network.
« Visually communicate spatial accuracy and data limitations.
5. Layout and Orientation:
« Include a clear North Arrow (True North, Grid North) and a Title Block with project details.
« Use a clean, organized layout that guides the user through the information.

6. Data Visualization:
« Create thematic maps for specific needs (e.g., ventilation plans, safety zones, ore reserves).
o Use c(;lor effectively for contrast and information layering (e.g., blue for water, red for fire
Zones).

\ J

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 generafed 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. Whatis 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

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



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

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

o 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.

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

o 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 fromland surveying because it involves both and underground
measurements. (Linked to SLO 1.1)

2. Whichinstrumentis 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)
P
B
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o Basicresponse: 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. Miningtheodolite.
3. Benchmarks or reference positions.

4. Surface surveyingis 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 managementand 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. ltensures accurate planning, safety, and efficient resource management.
4. Surface-surveying.

5. Underground surveying.

6./ Tomeasure 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. Itis adapted for confined and harsh underground conditions.
9. Proper calibration and alighment.

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]
o Course document: MNE 502: Mine Surveying.
e 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 “Minesurvey 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

e 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

e 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

e Part 2.4 Applications of survey data iniquarry 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 youappreciate 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:
e SLO 2.1 explain the role of surveying in open cast mine construction and layout,

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

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

e 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.

-
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Diagram showing layout of an open cast mine with survey tsvz 1: Surveying layout in
open cast mining
Surveying in open cast mining is essentia aw alignment of excavation with

deposit boundaries.

2.1.2 Layout and excavation planni

and reduce operati on planning involves determining the depth, slope, and
sequence of materi which depend on precise survey measurements.
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EXCAVATION PLANNING ELEMENTS IN OPEN CAST MINES

p
KEY EXCAVATION PLANNING ELEMENTS
Excavation planning integrates geological, geotechnical, and operational data to
optimize extraction: .
1. Geological Modelling:
« Defining ore body boundaries, grade distribution, and geological contacts.
« Creating 3D block models for resource estimation.
2. Geotechnical Assessment: —
« Analyzing rock mass strength, joint sets, and structural geology.
+ Designing stable pit slopes, bench angles, and ramp gradients.
3. Mine Design and Scheduling:
+ Optimizing pit limits (Ultimate Pit Limit) and pushbacks.
« Developing long-term and short-term production schedules (ore and waste).
4. Equipment Selection:
« Choosing appropriate machinery (shovels, excavators, trucks, drills) based
on scale and selectivity.
« Calculating fleet size and matching equipment to production targets.
5. Operational Layout:
+ Designing haul roads, ramps, and waste dumps.
« Planning for infrastructure, dewatering, and ventilation.
6. Grade Control and Reconciliation:
« Implementing blast-hole sampling and ore/waste definition.
+ Comparing planned versus actual production for model validation.

\

Box 2.1: Key elements of excavation planning in open cast mines

Excavation planning relies on survey data to determine andsequence of material removal.

Pilot questions 2.1
1. Whatis 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 asapen a : Excavation and transport
operations

Excavation and transport operations dep on ey data to determine and safe haulage
routes.

2.2.3 Drainage considerations

Effective drainage is critica st es to prevent flooding and slope instability. Surveying
helps calculate gr inage channels that direct water away from excavation
zones. Proper drain uce erosion, protect equipment, and maintain safe working
conditions.
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DRAINAGE PLANNING APPLICATIONS IN OPEN CAST MINES.

'KEY DRAINAGE PLANNING APPLICATIONS
Effective water management is critical for safety, stability, and operational continuity:
1. Pit Slope Stability:
« Reducing pore water pressure within rock masses to prevent highwall failures and landslides.
« Designing horizontal drains, dewatering wells, and interception trenches.

2. Haul Road and Bench Management:
* Preventing erosion, slipperiness, and structural damage to road surfaces and ramp gradients.
* Implementing effective crowning, side ditches, culverts, and sumps.

3. Operational Floor Dryness
e Ensuring the active mining bench (the pit floor) remains workable and accessible for equipment.
* Utilizing mobile pumps, temporary sumps, and strategic grading.

4. Environmental Control and Discharge:
* Collecting, containing, and treating mine-affected water (e.g., sediment, heavy metals).
* Monitoring and managing discharge points to comply with environmental permits (e.g.,
TSS, pH).
5. Groundwater Control:
 Managing both shallow surface water (rainfall runoff) and deep-seated groundwater inflow.
« Creating interception systems to divert clean water around the pit perimeter.

6. Infrastructure Protection:

« Safeguarding critical infrastructure like processing plants, tailings storage, and power lines
from flooding and erosion.

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 surveyingimprove transport operations in mines?
4. Whatrole 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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2.3.2 Methods of calculating slo

Surveyors use trigonometric n
calculations determine whe
which is the steepest angle

angle calculations reve

Q
)

easurements to calculate slope angles. These
e or requires reinforcement. The angle of repose,
terial remains stable, is a key parameter. Accurate slope
des and ensure safe excavation.
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COMPARISON OF TRIGONOMETRIC VS. FIELD MEASUREMENT 2
/N; METHODS FoR SLOPE ANGLE CALCULATION >
[ FEATURE TRIGONOMETRIC METHOD (INDIRECT) FIELD MEASUREMENT METHOD (DIRECT) )
: e Based on the geometric relationships (sine, cosine, tangent) Direct physical measurement of angles using specialized
Primary Principle /?\ of a right-angled triangle formed by the slope. instruments.
: Vertical rise (opposite side) and horizontal distance Physical placement of the measuring device directly on or
Required Inputs (adjacent side) OR slope distance and an angle. % parallel to the slope surface.
Total Station, Theodolite, or GNSS/GPS (for Abney Level, Clinometer, Inclinometer, Brunton Compass,
Key Instruments distances/elevations); Calculator @ slo
h : pe Meter.
it High precision possible, but accuracy depends on the Can be very accurate if used correctly; less prone to cumulative
Accuracy and Precision precision of distance and angle inputs. Errors can accumulate. @Q error, but precision can be limited by the instrument's resolution.
M- Requires multiple measurements, setup, and calculations. Quick and straightforward. Often requires only one person
Ease of Use (in Field) /?\ c . 4 :
an be time-consuming. and one reading.
gnvirgnlmental @ IChall%nlgin(_; iP deﬂse vegetation or terrain with & l?an Ee usedfin aLmost any environment, including dense
uitability &Y limited line of sight. rush or confined spaces.
glafety U(e.g.,h tl)nsl ) (Sjafer; measurements can be taken from a stable m May require tf;(e surveyor to be on the unstable slope,
eep/Unstable Slopes; istance. increasing risk.
gy & Large-scale topographic mapping, engineering Quick checks, geological fieldwork, forestry, specific point
Applications 2 surveys, long pro?iles. J measurements, temporary works.
Cost of Equipment /R High (Total Stations, GNSS). % Low to Moderate (Clinometers, Compasses).
Data Processing & rSégrl}:pec;nt post-processing and calculation Data is immediately available as an angle reading.

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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quarry operations

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

Pilot questions 2.3
1. What is slope stability.inmining?
2. State two factors that affect slope stability.
3. Whatis 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
tothe 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

J .

OER

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 quafry oerations guided by survey data. Plate 2.4: Srvey data supporting quarry
operations

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

Pilot questions 2.4
1. Whatis quarry design and why is survey data importantin 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
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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
e Angle of repose: The steepest angle at which material remains stable without sliding.
o Drainage: The system of channels designed to remove water from excavation zones.

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

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

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

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

o 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 angleof repose is defined as the steepest angle at which remains stable. (Linked
to SLO 2.3)

Short-answer questions
4. Statetwo 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 Basicresponse: 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. Weakrock zones and water infiltration.

6. Basic response: Survey data ensures slope angles are calculated-accurately, deformation
is monitored, and corrective measures such as drainage orreinforcement 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. ltensures 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 ensureefficientfragmentation and reduce safety risks.
7. -Bydetermining excavation depth and slope.
8. By aligning haulage roads with excavation zones and gradients.
9. Ithelps 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.
P
K-
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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 alighment 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]
e Course document: MNE 502: Mine Surveying.
e 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
e Part 3.1 Surveying in underground mine workings
o Shaft construction and alignment
o Tunneland 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 lllumination and visibility adaptations
o Handling and calibration in underground conditions
e 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
e 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:

e SLO 3.1 explain the role of surveying in underground mine workings, including shafts,

tunnels, and chambers,

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

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

e 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 alighment

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.
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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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APPLICATIONS OF MINERAL CONTACT MAPPING IN UNDERGROUND MINES.

KEY APPLICATIONS OF MINERAL CONTACT MAPPING

Accurate mapping of geological contacts, faults, and ore-waste boundaries is critical for
optimizing extraction and safety:

1. Ore Body Delineation:

* Precisely defining the (_Leometry and boundaries of high-grade ore zones against lower-grade
material and waste rock.

» Improving the accuracy of short-term mine planning and resource estimation.
2. Grade Control:

« Providing real-time guidance for selective mining operations (e.g., cutting high-grade faces).

* Reducing dilution by ensuring accurate alignment of development and stoping with the ore contact.
3. Structural Analysis:

+ Identifying and mapping faults, shear zones, and joints that intersect ore bodies.

« Assessing ground stability and planning for geotechnical risks during tunnel and stope development.
4. Dilution Control:

« Minimizing the amount of barren rock unintentionally extracted with the ore.

« Optimizing mine selectivity and overall profitability by adhering closely to geological contacts.
5. Mine Planning and Scheduling:

« Updating geological block models with precise contact data from active faces.

« Improving long-term and medium-term mine sequencing based on validated geological information.

6. Safety Management:

« Predicting and managing ground control issues related to geological structures and contacts.
» Enhancing awareness of weak zones or water-bearing structures near the ore contact.

GEOLOGICAL
CONTACT ZONE

= ore
I waste

° Fault lines

o

Box 3.1: Applications of mineral contact mapping

Mineral contact mapping is essential because ithelpsidentify between ore and surrounding
rock.

Pilot questions 3.1
1. Whatis shaft construction.in underground mining?
2. Why is surveying important in shaft alignment?
3. State two purposes of tunneland chamber surveying.
4. What is‘mineral contact mapping?

5. How doesmineral 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 lllumination and visibility adaptations

Since underground mines often lack naturallight, 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: lllumination
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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 BEST PRACTICES FOR HANDLING UNDERGROUND SURVEYING INSTRUMENTS |

P
KEY HANDLING BEST PRACTICES i
Protecting delicate surveying equipment in the harsh underground environment is critical for accuracy and longevity:
1. Transport and Carrying:

* Always transport instruments in their designated, padded protective cases. PROTECTIVE
« Never carry a total station or scanner mounted on a tripod; remove it and place it in its case before CASE
moving between stations.

« Use secure vehicle mounts when transporting equipment over long distances in the mine.
2. Setup and Stability:
« Ensure the tripod is firmly planted on stable ground (not loose muck). Use tripod shoes if necessary.
* Level the instrument carefully at each setup point to maintain calibration.
« Protect the setup area from dripping water, falling rock, and passing heavy equipment.
3. Environmental Protection:
« Use rain covers or protective hoods during wet conditions or in areas with high humidity.
« Avoid exposing instruments to extreme temperature changes (e.g., from the surface to deep underground).
« Minimize exposure to dust by using protective caps when not sighting.
4. Maintenance and Cleaning: N
» Clean the instrument (especially optics) with a soft brush and lens cloth after each shift. Never use
abrasive cleaners.
« Allow the instrument to acclimatize and dry in a clean, secure environment after use.
« Report any bumps, drops, or malfunctions immediately; do not attempt unauthorized repairs.
5. Operational Care:

= Never |eave an instrument setup unattended in a busy working area.
« Use tribrachs and accessories in good condition to ensure a secure fit.

M ore

L « Ensure batteries are properly secured and charged, and data is regularly downloaded. ) N Waste rock
J
Box 3.2: Best practices for handling underground surveying instruments
Calibration of instruments is importantbecauseiit 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. Mentiontwo 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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UNDERGROUND MINE SURVEY CONTROL POINTS CONNECTED TO SURFACE BENCHMARKS: A GEODETIC CONNECTION ©OER

GNSS GNSS BM2
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BENCHMARK (BM) . :
p——— 3’“ AQ” . > <13} Gt ‘

'SHAFT PLUMBING
TRANSFER DETAIL

|
SHAFT PLUMBING TRANSFER
COORDINATE AND AZIMUTH
TRANSFER

@ Control Point \
¥ Benchmark | > @ Control Point
— Plumbing Wire \ ¥ Benchmark
& ot Station — Plumbing Wire

8 Total Station

@ OGyroscope
== Azimuth orientation —_
=~ Mine GRID created

Second:
Contwlw

Diagram showing underground control poin'ilinke : arks. Figure 3.3:
Establishing underground survey control points

Underground control points are importan cau ey provide for accurate
measurements and alignment.

3.3.2 Monitoring rock displacemen d def ation

Rock displacement monit i es measuring shifts or movements in underground
structures. Surveyors use ¢ 5, laser scanning, and deformation mapping to detect
changes. Monitorin identify risks such as roof falls, wall collapses, or
subsidence. Accura 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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| SAFETY APPLICATIONS OF DISPLACEMENT DATA IN UNDERGROUND MINES i

p
KEY SAFETY APPLICATIONS OF DISPLACEMENT DATA

Monitoring rock movement is critical for preventing ground control failures and ensuring worker safety: 0 ,
1. Structural Stability Assessment:

. Identtifying potential roof falls, rib failures, and floor heaves by tracking rock mass deformation
over time.
» Validating numerical models and geotechnical designs for tunnel and stope stability. DISPLACEMENT
2. Early Warning Systems: SENSOR ARRAY
. Pfroviding reatl)-tlme alerts when displacement rates exceed pre-defined thresholds (acceleration
of movement).
» Triggering automated alarms and evacuation protocols for at-risk areas.
3. Design Optimization:
» Adjusting support requirements (e.g., bolt patterns, mesh, shotcrete) based on observed
displacement trends. : .
+ Modifying stope sequencing and mine layout to manage stress concentrations.
4. Trigger Action Response Plans (TARPs):
* Informing the develogmenl and refinement of TARPs, defining specific actions for different

displacement levels (Green, Amber, Red). 3
« Ensuring a structured, pre-determmed response to geotechnical hazards. —
5. Operational Continuity: i . e
. Allowlgng for the safe continuation of mining activities in unaffected areas while monitoring
specificzones. o ) e
+ Reducing the duration of stoppages by providing localized, data-driven risk
assessments.
6. Post-Event Analysis:
. Invesggating the causes of ground failures or seismic events by analyzing displacement
records.
« Improving future mine design and risk mitigation strategies. TARP chart
)

S T
L OER (@)

| Bl waste rock ‘

Box 3.3: Safety applications of displacement data

Displacement data is critical for safety becauseiit helpsidentify 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. Whatis rock displacement monitoring?
4. State two safety implications of displacement data.

5. How doesmonitoring 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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' UNDERGROUND MINE SURVEY DATA INTEGRATION FOR MINE DESIGN & PLANNING CER |

PHASE 1: FIELD DATA COLLECTION PHASE 2: DATA PROCESSING & MODELLING PHASE 3: MINE DESIGN & OUTPUT
INPUTS: PROCESSING: 0 ( OUTPUTS:
RAW SURVEY DATA DATA INTEGRATION & MODELLING FINAL MINE DESIGN
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Diagram showing integration of underground survey data intomine 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 ventilationplanning and hazard identification, making underground
operations safer for workers.
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{ SAFETY APPLICATIONS OF UNDERGROUND SURVEY DATA.

-
KEY SAFETY APPLICATIONS OF UNDERGROUND SURVEY DATA
Accurate and up-to-date spatial data is critical for preventing accidents and ensuring operational safety:
1. Collision Avoidance:
« Providing precise, real-time 3D locations of all personnel, vehicles, and equipment.

« Feeding data into proximity detection systems (PDS) to prevent mobile equipment collisions in
confined tunnel networks.

2. Ground Control & Stability Monitoring:

SAFETY
SURVEY
(" coLLISION

. Trackin? long-term rock mass deformation and displacement (convergence) to identify potential AVOIDANCE
round failures or roof falls. =
« Monitoring the structural integrity of stopes and tunnels. 8

3. Ventilation Planning & Airflow Modelling:
« Using accurate as-built surveys of tunnel networks to model airflow and optimize ventilation system
« Ensuring fresh air reaches all active working faces and diluting hazardous gases (e.g., methane,
CO, blasting fumes).
4. Emergency Response & Rescue Operations:
« Providing exact, real-time locations of miners and equipment during an emergency (e.g., fire,
rockburst, power failure).
. Generatinlg accurate maps and 3D models of the mine to guide rescue teams to trapped
personnel.
5. Dewatering & Water Management:
. Surveyinﬁ the precise elevation and connectivity of mine workings to manage water inflow and
revent flooding of lower levels.
» Mapping old, water-filled workings to prevent accidental breakthroughs.
6. Post-Incident Analysis:
« Investigating accidents or near-misses by analyzing a detailed record of spatial data (who,
what, where, and when) leading up to the event.
« Informing future design changes and safety protocols.

[l Waste rock

(B
L 2,
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. Whatrole 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

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

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

¢ Rockdisplacement monitoring: Measuring shifts or movements in underground
structures to detect instability.

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

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

e Tunnel surveying: Measuring and mapping horizontal underground passages.

Concept Check Questions [Series 3]

Objective questions

1. Shaft construction in underground minesinvolves sinking
deposits. (Linked to SLO 3.1)

passages to access

2. Specialisediinstruments 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
SLO 3.3)

risks. (Linked to

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 Basicresponse: 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 orinclined.

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. ltensures alignment with geological targets and surface control points.
3. Toensure 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 prismsand illuminated reticles.
8. Vibration, moisture, and restricted movement.
9./ Stabilising tripods and protecting instruments from dust.
10. It ensuresreliable 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. |dentifying unstable zones and guiding excavation methods.
15. By detecting early signs of instability.
P
K-
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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]

e Course document: MNE 502: Mine Surveying.

e 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

e Part4.1Principles 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
e Part4.2 Methods of reserve estimation
o Geometrical methods (cross-section, polygonal, triangular)
o Statistical and geostatistical methods
o Computer-assisted modelling
e Part4.3 Rock displacement and deformation
o Causes of rock displacementin mines
o Surveying techniques for monitoring deformation
o Safety implications of displacement data
e Part4.4 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:
e SLO 4.1 explain the principles and categories of mineral reserve estimation,

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

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

e SLO 4.4 evaluate applications of reserve estimation and displacement datain 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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MINERAL RESOURCE & RESERVE CLASSIFICATION OE
AND THEIR ROLE IN MINE PLANNING P
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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:
o Provedreserves: High confidence, based on detailed exploration and sampling.

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

o Possiblereserves: Low confidence, inferred from geological evidence but not fully verified.
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CATEGORIES OF MINERAL RESERVES: A COMPARATIVE OVERVIEW (OER

RESERVE CATEGORY

Proved
@) Probable

@ Possible

PROBABLE
RESERVE
(LIGHT GREEN)

POSSIBLE
RESERVE
(YELLOW/AMBER)

INCREASING
CONFIDENCE

GEOLOGICAL
CONFIDENCE
Level of certainty in
geological data

ECONOMIC VIABILITY
Confidence in
economic extraction.

MODIFYING FACTORS
Key considerations
(mining, metallurgical,
economic, etc.)

RISK PROFILE
Overall level of
uncertainty and risk

Very High High Fully defined (mine Low
ngﬁp%%ge;ﬂggeg?iwgg’ Fe:ﬁ“::'}'&?g‘ﬁggg&?;ed' plan, plant, infrastructure,| ~ Most certain
Proven'continuity. considered positive. PR Ty taledon
High Medium-High Generally defined, but Moderate

Based on sufficient
drilling and sampling,
but less detailed than

Pre-feasibility or
feasibility study completed.
May have minor

some details (e.g.,
specific recovery rates,
final permits) may

Good confidence,
but some uncertainty
remains.

tha Proved. outstanding issues. need confirmation.
Low Low High
Based on limited Conceptual or pre- | Largely conceptual. Speculative.

drilling, sampling, or
indirect evidence.
Continuity inferred.

feasibility study level.
Dependent on favorable

future economic and

technical conditions.

High uncertainty in
mine plan, costs, and
metal prices.

Only included for
long-term planning, not
near-term production.

*OER is reserve educational resource (OER) a stude wth previous jeaca really complated costs, and vary
by acx reporting code (e.g., JORC, NI 43-101). Reserve definitions vary doat informattion slogs ss rerovice.

*RESERVE DEFINITIONS VARY BY REPORTING CODE (e.g., JORC, NI 43-101, SK-1300).

Comparison of mineral reserve categories. Table 4.1: Categories of mineral reserves

Proved reserves are those with

4.1.3 Geological and survey data requirements

confidence based on detailed exploration.

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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GEOLOGICAL & SURVEY DATA REQUIREMENTS FOR MINERAL RESERVE ESTIMATION
KEY DATA REQUIREMENTS

Accurate reserve estimation is founded on robust geological and spatial data: = |
1. Geological Data: )
« Drillhole Logs: Comprehensive logs detailing lithology, alteration, and mineralization.
« Assay Results: Certified laboratory analysis of core samples for grade determination.
« Mineralogical Data: Identification of ore and gangue minerals for processing considerations.
« Geological Interpretation: Cross-sections and 3D wireframes defining ore body geometry,
boundaries, and continuity.
« Specific Gravity (Density): Accurate density measurements for tonnage calculations.

2. Survey Data:
« Topographical Surface: A detailed digital terrain model (DTM) of the project area.
« Drillhole Collar Coordinates: Precise X, Y, Z locations of all drillholes.
« Downhole Survey Data: Inclination and azimuth data to accurately track the drillhole path.

 Mine Development As-Builts: Accurate surveys of existing underground workings and open pit
excavations.

« Geodetic Control: A reliable and verified local survey network.

3. Data Quality & Validation:
* QA/QC Protocols: Rigorous quality assurance and quality control procedures for sampling and
assaying.
« Data Management: Secure and auditable database systems (e.g., acQuire, Datashed).
« Verification: Independent third-party review and validation of all data inputs.

Box 4.1: Data requirements for reserve estimation

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

Pilot questions 4.1
1. Whatis 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:

o 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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e Triangular method: Uses triangles formed between sample points to calculate ore
volumes and grades.

GEOMETRICAL METHODS OF MINERAL RESERVE ESTIMATION: COMPARATIVE OVERVIEW

1. CROSS- SECTION METHOD (2D SLICING) o
Ai/Ore Body Outline PN @
2 = AREA OF ORE (A) = > (Segment Areas)

o VOLUME (V) = " (A, * Thickness/Distance between sections) x Density ()

“Section Interval [L)

2. POLYGONAL METHOD (NEAREST NEIGHBUR)
Drillholes

"" AREA OF INFLUENCE (4;) = Polygon Area
TONNAGE (T;) = A; x Thickness (t) x Density (p) x Grade (g;)

TOTAL RESERVE =3 (T)

Polygon Boundaries

3. TRIANGULAR METHOD (TIN-BASED)

Drillholes (Vertices) Triangles (7)) Area (4)) = Ti= 2 AA Ta
N ™ Average Thickness (t,,q) = T8 x 5 6% x 24%=> ‘
w==> Average Grade (g,,;) =  Thickness (t) - T2

Tonnage (7)) = As % Lyt X 0 % Gyt

Grade ()  AVERAGE GRADE (Gavg) = (95 +gg* 9c)/3 == (g *+ 9 + 9c)/3
AVERAGE GRADE (g,,;) = TOTAL RESERVE = > (Tonnage of all triangles)

©ER

Thickness (T;)

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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STATISTICAL VS. GEOSTATISTICAL METHODS OF MINERAL RESERVE ESTIMATION: OER

A COMPARATIVE OVERVIEW
FEATURE: STATISTICAL METHODS GEOSTATISTICAL METHODS
Key aspect of the method (e.g., Global Estimation): (e.g., Local Estimation, Kriging):
CORE CONCEPT Treats data as independent, random samples (i.e., a "bag of value§'). Incorporates the spatial location and correlation of data.
Focuses on frequency distributions (histogram, mean, variance). | Recognizes that closer samples are more similar.
g:f;:_%" s ?snsour;sezpsa;)t;at:aq(i):ggne'n o Ld]] I Explicitly models spatial continuity using the variogram.
ESTIMATION Uses global means, weighted averages (e.g., polygonal). # Uses Kriging (Ordinary Kriging, Simple Kriging), which
METHOD Does not account for sample clustering. £| provides an optimal linear unbiased estimator (BLUE).
; : | Kriging variance provides a local measure of precision.
gngﬁgrmg%ou I:lrocivg?;alglz?rallovczrllir:l%iggitg&mean. 7/-<ﬂ§§§%sf\tc Conditional simulation provides measures of local and

‘ samples based on their spatial isolation.
|

seaiaL ) global uncertainty.
i i ; AWARENESS | Declusters data implicitly, giving appropriate weight to
CLUSTERING EFFECT | Over-weights clustered samples, leading to bias. ~ RGN GIING dppIop g

APPLICATIONS Feasibility studies, global resource assessment, Mine planning, grade control, local reserve estimation,

preliminary analysis. " risk analysis, drillhole spacing optimization.
Simple to implement, easy to understand, fast Spatially optimal estimation, accounts for clustering,
ADVANTAGES computation. provides error estimates, allows for simulation.
Biased with clustered data, ignores spatial information, | Complex mathematics, requires variogram modeling,
| DISADVANTAGES poor local estimates. l higher computational cost.

*0ER is lo educad ook resource that logs of openiond entfactect os pest and wirerless. They empert your resources dele at the eduationats .
can store diesed by VIR, selection cleared nsoumds ara comparative Oveplexity SELECTION DEPENDS ON DATA DENS[TY AND COMPLEXlTY

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 methads 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:

e Stress redistribution after excavation

e Blasting vibrations

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



e Water infiltration and pressure
o Geological faults and weak zones

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

N

CAUSES OF ROCK DISPLACEMENT IN UNDERGROUND MINES Z) \

>
@ STRESS REDISTRIBUTION @ BLASTING VIBRATIONS

Excavation creates a new stress
field, leading to deformation and
potential failure.

Dynamic loads from blasting induce transient stress
waves, causing immediate and cumulative damage.

‘.7, b
>

o

\

—
9 WATER INFILTRATION
Groundwater reduces rock strength
through pore pressure and
lubrication of discontinuities,
promoting slip and swelling.
b

S

@ GEOLOGICAL FAULTS

Pre-existing weaknesses (faults, jeints)
allow for shear movement due to
redistributed stress, leading to

block displacement.

CONSEQUENCES

ti et
i 4.
I Ore body o
Host rock SHAFT
I Fault gouge ROOF FALL RIBSPALL  FLOOR HEAVE CONVERGENCE )

)

) N
Diagram showing causes of rock di cement.in Merground mines. Figure 4.3: Causes of rock
displacement
Rock displacement may ocre edistribution, blasting vibrations, , and

geological faults.

4.3.2 Surveyi qu onitoring deformation

Surveyors use alised techniques to monitor deformation in rock structures. These include:
asurements to detect shifts

ing for detailed 3D mapping

ometers and strain gauges for measuring movement

otogrammetry for visual analysis of deformation

ese 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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SAFETY APPLICATIONS OF DISPLACEMENT DATA IN MINES.

z
KEY SAFETY APPLICATIONS OF DISPLACEMENT DATA ,
wgrnklggg ert?‘?k movement is critical for preventing ground control failures and ensuring DISPLACEMENT
1. Structural Stability Assessment: SENSOR ARRAY
« |dentifying potential roof falls, rib failures, and floor heaves by tracking rock mass

deformation over time.
« Validating numerical models and geotechnical designs for tunnel and stope stability.
2. Early Warning Systems:
« Providing real-time alerts when displacement rates exceed pre-defined thresholds
acceleration of movement).
« Triggering automated alarms and evacuation protocols for at-risk areas.
3. Design Optimization:
« Adjusting support requirements (e.g., bolt patterns, mesh, shotcrete) based on
observed displacement trends.
« Modifying stope sequencing and mine layout to manage stress concentrations.
4. Trigger Action Resronse Plans (TARPs):
« Informing the development and refinement of TARPs, defining specific actions for
different displacement levels (Green, Amber, Red).
« Ensuring a structured, pre-determined response to geotechnical hazards.

5. Operational Continuity:
« Allowing for the safe continuation of mining activities in unaffected areas while

[ ore ‘

‘Waste rock

monitoring specific zones. :
« Reducing the duration of stoppages by providing localized, data-driven risk assessments
6. Post-Event Analysis: TAE wan Ore
« Investigating the causes of ground failures or seismic events by analyzing = [ waste Rock
displacement records. g E =
« Improving future mine design and risk mitigation strategies. a

N %

Box 4.3: Safety applications of displacement data

Displacement data is critical for safety becauseiit helpsidentify zones and guide
reinforcement.

Pilot questions 4.3
1. Whatis 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 doesmonitoring 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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INTEGRATED MINE PLANNING & DESIGN:
RESERVE ESTIMATION & DISPLACEMENT DATA
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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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[ INTEGRATED APPLICATIONS OF RESERVE ESTIMATION & DISPLACEMENT DATA IN MINING

Z
INTEGRATED APPLICATIONS FOR SAFETY & RESOURCE MANAGEMENT
Combining accurate ore body knowledge with real-time ground movement data is DISPLACEMENT
critical for optimized and secure mining operations: SENSOR ARRAY

1. SAFETY APPLICATIONS:

« Slope Stability Monitoring: Real-time analysis of pit wall displacement to predict
and prevent failures (e.g., using radar, prisms).

« Early Warning Systems: Triggering automated alarms and evacuation protocols
when displacement rates exceed pre-defined thresholds (TARP levels).

« Underground Ground Control: Monitoring rock convergence and deformation to
prevent roof falls and rib failures.

« Emergency Response: Providing accurate location data and stability status
during emergencies (e.g., seismic events).

« Optimized Support Design: Adjusting ground support requirements (e.g., bolt
patterns) based on observed ground behavior.

2. RESOURCE MANAGEMENT APPLICATIONS:

« Grade Control: Guiding excavation to minimize dilution and ore loss by
Brecisely defining ore/waste boundaries.

« Reserve Model Validation: Continuously updating and refining the geological
resource model based on new production data.

« Production Scheduling: Optimizing the mine plan to ensure the right ore is
delivered to the mill at the right time.

« Mine Design Optimization: Adjusting pit slope angles and stope sequences to
maximize ore extraction while maintaining stabilile/.

« Operational Continuity: Reducing downtime by allowing safe mining in
unaffected zones while specific areas are being monitored or remediated.

\

Box 4.4: Safety and resource management applications

[& Waste rock

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

Pilot questions 4.4
1. Why s reserve estimation.important in mine planning?
2. How does displacement data support excavation?
3. State two ways reserve estimation supports production scheduling.
4. Mentiontwo safety applications of displacement data.

5. How doessurvey 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

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

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

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

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

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

¢ Rockdisplacement: Movement or shifting of rock masses within a mine.

e 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.

(Cinked 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 Basicresponse: 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 andsafety. 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. Itisthe process of calculatingthe quantity and quality of mineral deposits available for
extraction.

2. ltdetermines the economicviability 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-sectionand 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]
o Course document: MNE 502: Mine Surveying.
e 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 mineralreserve 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
e 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
e Part5.2 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
e 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
o 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:
e SLO 5.1 explain the principles of remote sensing and its applications in mining,
e SLO 5.2 apply GIS tools for spatial analysis and-integration of survey data,

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

e 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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REMOTE SENSING FOR MINING EXPLORATION: DATA ACQUISIITION & INTEGRATION |
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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.

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

o [ Thermal sensors: Detect heat variations, useful for identifying geothermal activity and
mineralisation zones.
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COMPARISON OF OPTICAL, RADAR, AND THERMAL SENSORS IN MINING REMOTE SENSING @ER

OPERATING PRINCIPLE ~ SPECTRAL RANGE
SENSOR TYPE How it captures data Partofthe
electromagnetic spectrum
153 OPTICAL== Measures reflected  Visible (VIS),

Near-Infrared (NIR),
Short-Wave Infrared
(SWIR).

. sunlight from the
' Earth's surface in
multiple bands.

e o
BLUE-GREEN &?%

— INCREASING OPERATIONAL FLEXIBILITY —»

:O; RADAR Active system that Microwaves (e.g.,
emits microwave C-band, L-band,
s pulses and measures ~ X-band).

Z the backscatter.
RED-ORANGE /

Thermal Infrared
(TIR, e.g., 8-14 pm).

Measures emitted
thermal infrared
radiation (heat) from
the surface.

& THERMAL

@RED»

*0ER: Senser Educational Resource (etil a staa tisty of minns-wom), that colration of open vegstion in figue.
Sensor selection Depends on the specific mine specific mining objective and environmental conditions.

PRIMARY MINING
APPLICATIONS

Key uses in exploration and
monitoring

Geological mapping,
alteration mineral
identification (SWIR),
identifying gossans,

pit wall monitoring (with
high resolution).

Structural mapping
(faults, lineaments),

deformation monitoring
(InSAR for subsidence,
slope stability),
topography mapping.

Lithological
discrimination (silica
content), identifying
geothermal anomalies,
mapping subtle
temperature differences.

KEY ADVANTAGES

Strengths in a mining
context

High spatial resolution,
intuitive interpretation,
well-established
techniques for mineral
spectroscopy.

All-weather capability
(day/night, through
clouds), sensitive to
surface roughness and
and geometry.

Can operate at night,
sensitive to
compositional
differences not visible
in optical/radar.

KEY LIMITATIONS

Weaknesses in a
mining context

Dependent on daylight,
cannot penetrate clouds
or dense vegetation,
limited subsurface
information.

Complex data
processing (InSAR),
geometric distortions in
rugged terrain, less
direct mineralogical
information.

Lower spatial resolution
than optical, susceptible
to atmospheric

effects, signals can be
masked by solar
heating during the day.

*SENSOR SELECTION DEPENDS ON THE SPECIFIC MINING OBJECTIVE AND ENVIRONMENTAL CONDITIONS.

Comparison of sensor types in remote sensing. Table 5.7: Types of sensors used in mining

Radar sensors are valuable because they.can penetrate

5.1.3 Applications in mineral exploration.and monitoring

Remote sensing has wide applications in mining;:

¢ Identifying potential mineral deposits through spectral analysis

¢ Monitoringlanduseand vegetation changes around mines

o Detecting environmentalimpacts such as erosion or pollution

e Supporting geological mapping and resource estimation

and vegetation to reveal structures.
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APPLICATIONS OF REMOTE SENSING IN MINING

KEY APPLICATIONS OF REMOTE SENSING IN MINING
Remote sensing technologies provide critical data across the entire mining lifecycle, from exploration to closure:

1. Exploration & Mineral Mapping:
» Regional Reconnaissance: Using satellite imagery (optical, radar) for large-scale geological mapping and
structural interpretation (faults, ineaments). -
» Alteration Mineral Identification: Hyperspectral and multispectral sensors detect specific hydrothermal =8
alteration minerals (e.g., clays, iron oxides) associated with ore deposits. g
» Target Generation: Infegrating remote sensing data with geophysical and geochemical data to identify \ :
&)

high-potential exploration targets. PROWE SURVEY
2. Environmental Monitoring & Baseline Studies: M
« Water Quality Assessment: Monitoring sedimentation and pollution in water bodies near mine sites. = x
« Vegetation Health Monitoring: Analyzing spectral indices to detect stress on vegetation caused by acid
mine drainage or dust.
« Acid Mine Drainage (AI?D) Detection: Identifying spectral signatures of iron minerals and secondary
precipitates indicative of AMD.
3. Infrastructure Planning & Development:
« Site Selection: Evaluating terrain, hydrology, and accessibility for new mine infrastructure (tailings
dams, processing plants, roads). B o X
« Geotechnical Assessment: Using LiDAR and InSAR to assess slope stability and identify potential

4. Oﬂg?gﬁaﬁngonitoring & Management:
« Open Pit Slope Stability: Real-time monitoring of pit walls for deformation using ground-based radar
and satellite InSAR.
« Stockpile Volume Estimation: Using LiDAR and photogrammetry to generate precise 3D models for
inventory management.
« Haul Road Optimization: Analyzing road conditions and geometry to improve efficiency and safety.

5. Mine Closure & Reclamation:
. Revsgetation Success: Monitoring the progress of reclamation efforts and ensuring ecosystem recovery.
+ Landform Stability: Assessing the long-term stability of reclaimed areas and tailings storage facilities.

~ (]

Box 5.1: Applications of remote sensing in mining

| [ weste reck

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

Pilot questions 5.1
1. Whatis remote sensinginmining?
2. State two types of sensors used in remote sensing.
3. Why are radar sensors usefulin mining?
4. Mentiontwoapplications of remote sensing in mineral exploration.

5. How doesremote 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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GIS DATA LAYERS IN MINE SURVEYING
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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.
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BENEFITS OF INTEGRATING SURVEY DATA INTO GIS PLATFORMS

KEY BENEFITS OF INTEGRATION
Combining precise survey data with the spatial analysis power of GIS is critical for optimized and SURVEY
secure mining operations: DATA INPUT
1. Enhanced Spatial Accuracy:
+ Ensures all operational features (drills, trucks, ramps) are positioned with high precision (cm-level).
+ Validates and corrects existing geological and topographic data.
2. Real-Time Data Updates:
« Allows for continuous import of survey data from total stations, GPS, and laser scanners.
* Provides stakeholders with the latest mine progress and "as-built” information.
3. Improved Data Management & Retrieval:
+ Centralizes all survey and spatial data into a single, accessible database (e.q., a geodatabase).
« Facilitates quick querying, filtering, and retrieval of historical and current survey data. 4
4. Powerful Spatial Analysis & Modeling: A
« Enables complex analyses like volumetric calculations, slope stability modeling, and drainage analysis.
« Supports the creation of accurate 3D block models and surface reconstructions.
5. Integrated Mine Planning & Design:
« Directly uses survey data to inform short-term and long-term mine plans and designs.
« Allows for seamless comparison between the “designed” pit and the “actual” pit.
6. Streamlined Reporting & Compliance:
« Automates the generation of accurate maps, sections, and reports for regulatory compliance.
« Provides a transparent and auditable data trail for reserve reporting and safety audits.

\

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. Whatis GIS in mine surveying?
2. What are data layers in GIS?
3. Why is spatial analysis important in mine planning?
4. Mentiontwo benefits of integrating survey data into GIS platforms.

5. How doesGIS 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
datais 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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APPLICATIONS OF SIMULATION & PREDICTIVE ANALYSIS IN MINE SURVEYING |

KEY APPLICATIONS IN MINE SURVEYING
Advanced modeling and predictive techniques are revolutionizing how survey data is used
for optimized and secure mining operations:

1. Slope Stability Prediction: ) )
« Using real-time displacement data from radar and prisms to calibrate numerical models
and predict pit wall failures.
« Simulating the effects of blasting and weather on slope stability.
2. Underground Deformation Modeling:
« Predicting rock mass convergence and ground support requirements in tunnels and
stopes based on stress redistribution.
« Simulating the impact of different mining sequences on stope stability.

3. Optimized Mine Design:
« Simulating different pit shell designs and pushback phases to maximize ore recovery
and minimize strip ratio.
« Predicting long-term subsidence effects from underground operations.
4. Haul Road Performance & Safety:
« Predicting road deterioration and maintenance needs based on traffic volume and
simulated truck loads.
« Simulating haulage routes to optimize travel times and reduce fuel consumption.
5. Grade Control & Dilution Prediction:
« Simulating ore body variability to predict grade dilution during selective mining.
« Predicting the movement of blasted ore (muckpile swell) to improve grade control
accuracy.
6. Emergency Response & Evacuation:
« Simulating ventilation failures or gas influx events to develop safe evacuation routes.
« Predicting the spread of fires or smoke to guide emergency teams.

|

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. Whatrole 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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INTEGRATED TECHNO

SAFETY & EFFICIENCY APPLICATIONS OF

LOGIES IN MINING

KEY SAFETY APPLICATIONS

Combining real-time data with spatial analysis
prevents accidents and ensures worker security:

« Slope Stability Monitoring: Real-time InSAR and
radar data integrated into GIS models predict pit
wall failures and trigger automated alarms.

« Proximity Detection & Collision Avoidance:
GPS, LiDAR, and RFID technologies on mabile
equipment integrated with mine planning software
create exclusion zones and provide alerts.

« Fatigue & Alertness Monitoring: Wearable
sensors and cab-mounted cameras integrated
with personnel management systems track
operator condition.

« Environmental Hazard Management: Remote
sensing (drones, satellites) detects gas leaks,
acid mine drainage, and air quality issues,
allowing for proactive mitigation.

» Emergency Response Coordination: A
centralized GIS platform provides a common
operating picture, enabling efficient

KEY EFFICIENCY APPLICATIONS

Integrating data streams optimizes operations,
reduces costs, and maximizes resource recovery:

« Real-Time Fleet Management: GPS and
telemetry integrated with scheduling software
optimize truck dispatch, haul routes, and
equipment utilization.

« Grade Control & Ore Routing: Integration of
block models, drillhole data, and survey results
guides excavators to minimize dilution and
maximize ore quality.

* Predictive Maintenance: Sensor data from
equipment integrated with maintenance
management systems predicts failures before
they occur, reducing downtime.

+ Ventilation on Demand (VOD): Air quality and
location sensors integrated with ventilation
systems adjust airflow in real-time, saving energy.

« Mine Planning & Reconciliation: Continuous
feedback of "as-mined" survey data into mine
design software improves short-term and long-
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Box 5.4: Safety and efficiency applications of integrated technologies

Integration enhances safety because itidentifies
reinforcement.

zones and supports proactive

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

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

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

e 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.
e Spectral analysis: Examination of reflected light to.identify mineral deposits.
Concept Check Questions [Series 5]
Objective questions

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

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

3. GIS uses datalayerstorepresent 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 Basicresponse: 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. Bydetecting land use'changes, erosion, and pollution.

6. GISis acomputer-based tool for capturing, storing, analysing, and displaying spatial data.
7. Data layers represent geology, topography, and infrastructure.

8. Itidentifies optimal locations for shafts and tunnels.

9. Itcombines 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.

17.

18.

19.

20.

Remote sensing supplies imagery, GIS organises spatial data, and computer applications
model ore bodies.

It helps detect erosion, pollution, and deforestation.
Identifying unstable zones and supporting ventilation planning.
By improving operational scheduling and efficiency.

Erosion detected through satellite imagery.
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