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Introduction

Imagine standing on a wide stretch of land, tasked with measuring its boundaries and
features. Without the right tools, such a task would be nearly impossible to.‘complete with
accuracy. Surveying instruments provide the means to transform rough terrain into precise
data, enabling engineers, geologists, and planners to make informed decisions. This Series
introduces you to the essential instruments of surveying, their functions, and their practical
applications, forming the foundation upon which all other surveying techniques are built.

The aim of this Series is to familiarize you with the principal surveying instruments and to
equip you with the knowledge required to identify, classify, and apply them correctly in
different surveying contexts.

We shall commence this Series by.examining the general background and classification of
surveying instruments. Then, wewill move on to instruments used for linear measurement,
such as chains, tapes, ranging poles, and arrows. Following that, we will explore angular and
levelling instruments, including the dumpy level and theodolite. Subsequently, we will
consider instruments designed for measuring areas, such as planimeters and other
specialized tools. Finally, we will wrap up by discussing the care, handling, and calibration
of instruments, ensuring that you are prepared to use them effectively and maintain their
accuracy in practice.

Series Learning Outcomes

Upon completing this Series, you should be able to:
-SLO 2.1 define surveying instruments and classify them according to their functions,

-SLO 2.2 explain the use of linear measurement instruments such as chains, tapes, ranging
poles, and arrows,

- SLO 2.3 demonstrate the application of angular and levelling instruments including the
dumpy level and theodolite,

- SLO 2.4 apply area measurement instruments such as planimeters to practical surveying
tasks, and
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-SLO 2.5 evaluate appropriate methods for handling, calibrating, and maintaining surveying
instruments to ensure accuracy and reliability.

1.1 Introduction to Surveying Instruments

Surveyingis a discipline that relies heavily on tools designed to measure distances, angles,
and areas with precision. Without these tools, surveyors would struggle to produce reliable
data for mapping, construction, or land evaluation. In this Part, we shall explore the meaning
of surveying instruments, how they are classified, and the general principles guiding their
use. This foundation will prepare you for the more detailed study of specific instruments in
subsequent Parts.

1.1.1 Definition of surveying instruments

A surveying instrument is any tool or device used to measure, record; or analyze physical
features of land, water, or structures for the purpose of producing accurate survey data.
These instruments range from simple tools such-as chains and tapes to more complex
devices like theodolites and planimeters.

Surveying instruments are essential because they ensure accuracy, efficiency, and
consistency in fieldwork. They also allow surveyors to translate natural features into usable
maps and plans.

Fill in the blank: A instrument is any tool or device used to measure, record, or
analyze physical features of land.
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BASIC SURVEYING INSTRUMENTS
OPEN EDUCATIONAL RESOURCE (OER)

MEASURING TAPE

ENGINEER'S CHAIN RANGING

% r N /) POLES

ENGINEER'S CHAIN CHAINING ARROWS

Figure 1.1 Basic surveying instruments used in fieldwork.

1.1.2 Classification of instruments
Surveying instruments can be classified into three broad categories:

- Linear measurement instruments: Tools used to measure straight distances, such as
chains, steel tapes, and arrows.

- Angular measurement instruments: Devices used to measure angles and elevations, such
as theodolites and dumpy levels.

- Area measurement instruments: Instruments designed to calculate surface areas, such as
planimeters!

This classification helps surveyors select the right tool for each task, ensuring efficiency and
accuracy.

Fill.in the blank: Instruments used to measure angles and elevations are called
measurement instruments.

Category Purpose Examples

Linear Used to measure the horizontal orChain, Steel Tape, EDM (Electronic
Measurement  vertical distance between two points. Distance Measurement), Odometer.
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Angular Used to determine the horizontal or Compass (Prismatic/Surveyor's),
Measurement  vertical angles between survey lines. Theodolite, Sextant.

Used to calculate the surface area of a

Area . . . .
Measurement specific plot or boundary directly from Planimeter, Pentagraph (for scaling).

a map.
Elevation /Used to find the relative heights or Dumpy Level, Tilting Level, Auto Level,
Leveling elevations of points. Leveling Staff.

Table 1.1 Classification of surveying instruments.

1.1.3 General principles of instrument use

Every surveying instrument must be used according to certain principles to ensure
accuracy. These include:

- Calibration: The process of adjusting an instrument to maintain accuracy.

- Proper handling: Ensuring instruments.are carried, set up, and stored correctly to avoid
damage.

- Environmental consideration: Recognizing that weather, terrain, and human error can
affect measurements.

Surveyors must always check their instruments before use, handle them carefully during
fieldwork, and store them properly afterwards.

Fill in the blank: The process of ‘adjusting an instrument to maintain accuracy is called
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Plate 1.1 Calibaof a duplvel before ue. l
Pilot Questions 1.1

1. Define a surveying instrument.

2. State the three main categories of surveying instruments.
3. Give two examples.of linear measurement instruments.

4. What is calibration in the context of surveying instruments?

5. Why is proper handling of instruments important in surveying?

1.2 Linear Measurement Instruments

Linear measurement is one of the most fundamental tasks in surveying. It involves
determining the straight-line distance between two points on the ground. To achieve this,
surveyors rely on specific instruments designed to provide accuracy and reliability. In this
Part, we shall examine the chain, steel measuring tape, ranging poles, and land chain
arrows, as well as their applications in fieldwork.
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1.2.1 Chain and steel measuring tape

The chain is a traditional surveying instrument made up of linked metal segments, usually
measuring 20 or 30 meters in length. It is used for measuring straight distances on relatively
flat terrain. Although simple, chains are durable and easy to use, but they can be affected
by sagging or uneven ground.

The steel measuring tape is a flexible strip of steel marked with graduations in metres and
centimetres. It is more accurate than the chain and is often used where precision is
required. However, steel tapes must be handled carefully to avoid bendingor breaking.

Fillin the blank: A tape is a flexible strip of steel marked with graduations in metres
and centimetres.
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1.2.2 Ranging poles and land chain arrows

Ranging poles are long poles, usually painted in alternating red and white bands, used to
mark straight lines or points during measurement. They help surveyors maintain alignment
over long distances.

Land chain arrows are small metal arrows used to mark points on the ground when
measuring with a chain. They are particularly useful for keeping track of intermediate points
during long measurements.

Fillin the blank: poles are painted in alternating red and white bands to mark straight lines
during measurement.

1.2.3 Applications in fieldwork

Linear measurement instruments are applied in tasks .such as boundary surveys,
construction layout, and route surveys. Chains and tapes are used to measure distances
directly, while ranging poles ensure alignment and arrows mark intermediate points.
Together, these instruments provide the foundation for accurate mapping and planning.

Fill in the blank: Chains and tapes are commonly used in surveys to measure
distances directly.

Applications of Linear Surveying Instruments
1. Chains & Tapes

¢ Distance Measurement: Determining the horizontal distance between two points
on the ground.

o Setting Out: Marking the foundations of buildings, roads, or bridges based on
engineering plans.

o  Detail Surveying: Measuring the dimensions of existing structures, boundaries, or
naturalfeatures for map creation.

o Offsetting: Measuring perpendicular distances from a main survey line to locate
nearby objects.

2. Ranging Poles
o Establishing Line of Sight: Marking intermediate points on a long survey line so it
remains perfectly straight.

o Visibility: Acting as a high-visibility target for the surveyor when using a theodolite or
level from a distance.
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e Station Marking: Temporarily identifying the location of survey stations in tall grass
or uneven terrain.

3. Chaining Arrows

e Tallying: Keeping an accurate count of the number of full chain lengths measured
along aline.

e Marking Endpoints: Temporarily pinning the end of a tape or chain to the ground to
ensure the next measurement starts at the exact same spot.

Usage in the Field

While digital tools like GPS and Total Stations have become the industry standard for large-scale
projects, these manual instruments remain essential for:

e Small-scale land partitioning.
e Educationaltraining in basic geometry and_surveying principles.
e Remote areas where electronic charging or satellite signals are unavailable.

Box 1.1 Common applications of linearmeasurement instruments.

Pilot questions 1.2

1. What is the main difference between a chain and a steel measuring tape?
2. Why are ranging poles painted in alternating colors?

3. State one advantage of using land chain arrows in fieldwork.

4. In what type of survey are chains and tapes most commonly applied?

5. Explain why careful handling of steel measuring tapes is important.

1.3 Angular and Levelling Instruments

Surveying often requires more than just measuring straight distances. Itis equally important
todetermine angles, elevations, and relative heights of points onthe ground. To achieve this,
surveyors use angular and levelling instruments. These instruments provide the precision
needed for tasks such as setting out construction works, mapping terrain, and establishing
control points. In this Part, we shall examine the dumpy level and the theodolite, followed
by their applications in elevation and angle measurement.

1.3.1 Dumpy level
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The dumpy level is a surveying instrument used to establish or check points in the same
horizontal plane. It consists of a telescope fixed to a tripod, with a spirit level attached to
ensure accuracy. The dumpy level is primarily used for levelling tasks, such as determining
differences in elevation between points.

To use the dumpy level, the surveyor sets up the instrument on a tripod, adjusts the spirit
level until the line of sight is horizontal, and then takes readings on a graduated staff placed
at different points. This allows the calculation of relative heights.

Fillin the blank: The level is a surveying instrument used to establish or check points
in the same horizontal plane.

DUMPY LEVEL AND STAFF SETUP - OER

BUBBLE TUBE

TELESCOPE { LEVELING STAFF

FOOT SCREWS

LEVELING
SCREW

Figure 1.3 Dumby levelset up for levelling.

1.3.2 Theodolite

The theodolite is a precision instrument used to measure horizontal and vertical angles. It
consists of a telescope mounted on a rotating base, with graduated circles for angle
measurement. Theodolites are essential for triangulation surveys, construction layout, and
mapping tasks that require high accuracy.

Modern theodolites may be digital, providing electronic readings that reduce human error.
Traditional optical theodolites, however, remain widely used for teaching and basic
fieldwork.

-
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Fillin the blank: A is a precision instrument used to measure horizontal and vertical
angles in surveying.
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Plate 1.3 Surveyor using a theodolite to ‘measure angles.

1.3.3 Applications in elevation and angle measurement

Angular and levelling instruments are applied in tasks such as:

- Establishing benchmarks for construction projects.

- Determining relative heights'in topographic surveys.

- Measuring angles for triangulation and route surveys.

- Setting out precise alignments for roads, bridges, and buildings.

These applications highlight the importance of accuracy in both horizontal and vertical
measurements. Without angular and levelling instruments, surveyors would struggle to
produce reliable data for engineering and mapping projects.

Fillin the blank: Angular and levelling instruments are essential for establishing in
construction projects.

Applications of Dumpy Levels and Theodolites
1. Dumpy Level (Leveling)

)
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o Establishing Elevations: Determining the relative height (Reduced Level) of different
points on a site.

¢ Contour Mapping: Collecting data to create topographic maps that show the "lay of
the land."

e Road and Pipe Grading: Ensuring roads, sewers, and drainage pipes have the
correct slope for gravity-fed flow.

e Setting Benchmarks: Transferring a known height from a reference point.to a new
construction site.

2. Theodolite (Angular Measurement)

o Horizontal & Vertical Angles: Measuring precise angles between two visible points
for triangulation.

¢ Prolonging Lines: Extending a straight line over long distances or.across obstacles.

¢ Plumbing Columns: Ensuring that high-rise building. columns or elevator shafts are
perfectly vertical.

o Traversing: Establishing a series of connected surveylines to create a framework for
large-scale maps.

Box 1.2 Common applications of angular and levelling instruments.

Pilot questions 1.3

1. Define a dumpy level and state its main.use.

2. What is the primary function of atheodolite?

3. Explain how a dumpy level is set up for levelling.

4. State one advantage of modern digital theodolites over traditional optical ones.

5. Mention two.applications of angular and levelling instruments in surveying.

1.4 Area and Specialized Instruments

Surveying does not only involve measuring distances and angles. In many cases, surveyors
must determine the size of land parcels or irregular surfaces. This requires instruments
designed specifically for measuring areas. In addition, specialized instruments are used for
tasks that go beyond basic surveying, such as advanced mapping or engineering
applications. In this Part, we shall examine the planimeter as a key area measurement
instrument, consider other specialized tools, and discuss their applications in areal
surveying.

1.4.1 Planimeters
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A planimeter is a mechanical or digital instrument used to measure the area of irregular
shapes on maps or plans. It works by tracing the boundary of the shape with a pointer, and
the instrument calculates the enclosed area. Planimeters are particularly useful when
dealing with curved boundaries that cannot be measured accurately with linear
instruments.

Planimeters are widely applied in topographic surveys, land evaluation, and cartography.
They provide quick and reliable results, making them indispensable when working with
maps.

Fillin the blank: A is an instrument used to measure the area.ofirregular shapes on
maps or plans.

MECHANICAL PLANIMIETER -
AREA MEASUREMENT - OER

POLAR ARM TRACING ARM

ANCHOR

WEIGHT REVOLTIN SCALE

COUNTER

AREA TO BE MEASURED
TRACING CLOCKWISE INCREASE READING

Figure 1.4 Mechanical planimeter used for area measurement.

1.4.2 Other specialized tools

Beyond planimeters, surveyors sometimes use other specialized instruments depending on
the nature of the survey. These may include:

- Digital planimeters: Electronic versions that provide faster and more precise readings.

- Electronic distance measurement (EDM) devices: Instruments that use electromagnetic
waves to measure distances with high accuracy.
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- Global Positioning System (GPS) receivers: Devices that use satellite signals to determine
precise positions on the earth’s surface.

These specialised tools extend the capabilities of traditional surveying, allowing surveyors
to handle complex projects such as city planning, hydrographic surveys, and construction
layout.

Fill in the blank: Instruments that use electromagnetic waves to measure distances with
high accuracy are called devices.

Plate 1.4 Surveyor using an EDM device for precise measurement.

1.4.3 Applications.inareal surveying

Areaand specialized instruments are applied in tasks such as:

- Measuring land parcels for cadastral surveys.

<Determining areas of irregular plots in topographic mapping.

- Supporting construction projects that require precise layout of large surfaces.

- Assisting in hydrographic and forestry surveys where irregular boundaries are common.

These applications highlight the importance of area measurementin both land management
and engineering projects.
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Fillin the blank: surveys often require the use of planimeters to measure irregular
boundaries on maps.

Device Primary Applications

* Measuring the area of irregular shapes on 2D maps.
Planimeter  * Determining catchment areas in hydrology.

* Calculating cross-sectional areas for earthwork (cut and fill).

* High-precision distance measurement between two points.
EDM Device * Setting out building corners and infrastructure alignments.

* Trigonometric leveling to determine elevations.

* Establishing global coordinates (Latitude/Longitude/Altitude).
GPS Receiver * Large-scale topographic mapping and GIS data collection.

* Real-time tracking for boundary surveys and navigation.
Box 1.3 Applications of area and specialised instruments.

Pilot questions 1.4

1. Define a planimeter and state its main use.

2. What type of boundaries are best measured using a planimeter?

3. Name one specialized instrument that uses electromagnetic waves for measurement.
4. State two applications of GPS receivers in surveying.

5. Why are area and specialized instruments important in cadastral surveys?

1.5 Care, Handling, and Calibration of Instruments

Surveying instruments are precision tools, and their accuracy depends not only on their
design but also on how they are handled, maintained, and calibrated. Proper care ensures
thatinstruments remain reliable over time, while calibration guarantees that measurements
are correct. In this Part, we shall explore the principles of handling, storage, calibration, and
error prevention in surveying instruments.

1.5.1 Proper handling and storage
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Handling refers to the way instruments are carried, set up, and used during fieldwork.
Instruments must be handled gently to avoid mechanical damage. For example, chains
should not be dragged across rough surfaces, and tapes should not be bent sharply.

Storage involves keeping instruments in protective cases or designated storage areas when
not in use. Instruments should be kept dry and free from dust, as moisture and dirt ‘can
cause corrosion or reduce accuracy.

Fill in the blank: Instruments should always be kept and free from dust to prevent
corrosion.

Plate 1.5 Proper storage of surveying instruments in proteétive cases.
1.5.2 Calibration and maintenance

Calibration is the process of adjusting an instrument to ensure that its readings are
accurate. For example, a dumpy level must be checked to confirm thatits line of sight is truly
horizontal. Calibration should be carried out regularly, especially before major surveys.
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Maintenance refers to routine actions such as cleaning, oiling moving parts, and checking
for wear and tears. Maintenance prolongs the life of instruments and reduces the risk of

errors during fieldwork.

Fillin the blank: The process of adjusting an instrument to ensure its readings are accurate
is called

Dumpy Level Two-Peg Test
Calibration Diagram

Line of Sight with Error

Line of Sight with Error

Mid-pint Level h'=d1-d2’
Staff at A o Setup at B
da
d1=True Reading at A d1 = Observed Reading A d3 = Observed Rart
. Farthest Point D

d2 =True Reading at B d2 = True Reading at B
True Level Line L d’ = True Reading at B
_______________________________________ %
h e = Collimation Error

True Level Line

Figure1.5 Calibration‘of a dumpy level for accuracy.

1.5.3 Common errors and how to avoid them

Errors.in surveying can arise from poor handling, lack of calibration, or environmental
factors. Common errors include:

- Instrumental errors: Caused by imperfections in the instrument, such as worn chains or
misaligned telescopes.

-Human errors: Mistakes made by surveyors, such asincorrect readings or poor alighment.

-
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- Natural errors: Influences from the environment, such as temperature changes affecting
tape length.

To avoid these errors, surveyors must handle instruments carefully, calibrate them
regularly, and take environmental conditions into account during fieldwork.

Fillin the blank: Mistakes made by surveyors, such as incorrect readings, are classified as
errors.

Error

Common Sources Prevention & Mitigation
Category

Improperly calibrated levels, worn- Regular calibration "(e.g., Two-Peg Test);
Instrumental out tapes, or optical axisservice equipment annually; check for "zero

misalignment. errors" in tapes.
Personal Incorrectly reading the staff,Use "double-check" systems; ensure the

parallax errors, or transpositionobserver's eye is aligned; use electronic data
(Human) . ¢

errors in field notes. loggers to avoid manual entry.

Temperature expansion of tapes,Survey during stable weather; apply
Natural wind vibration, or atmoesphericexpansion corrections (C_t); use shorter sight

refraction. lengths to reduce refraction.

Box 1.4 Common errors in surveying and their prevention.

Pilot questions 1.5

1. Why is properstorage important for surveying instruments?

2. Define calibration in the context of surveying instruments.

3. State two routine maintenance actions for surveying instruments.

4. What type of error occurs when temperature changes affect tape length?

5.'How can surveyors minimise human errors during fieldwork?

Series Summary
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This Series introduced you to the essential surveying instruments and their uses, highlighting
their importance in achieving accuracy and reliability in fieldwork. Beginning with the
definition and classification of instruments, we explored linear measurement tools such as
chains, tapes, ranging poles, and arrows. We then examined angular and levelling
instruments, including the dumpy level and theodolite, followed by area and specialized
instruments such as planimeters, EDM devices, and GPS receivers. Finally, we considered
the principles of care, handling, and calibration, emphasizing how proper maintenance
prevents errors and prolongs instrument life.

By working through these Parts, you should now be able to define and classify surveying
instruments, explain the use of linear tools, demonstrate the application of angular and
levelling devices, apply area measurement instruments to practical tasks, and evaluate
appropriate methods for handling and calibrating instruments. These abilities directly align
with the Series Learning Outcomes and provide you with a strong foundation for progressing
into more advanced surveying methods and applications.

Glossary of Terms

Calibration: The process of adjusting a surveying instrument to ensure that its readings are
accurate and reliable.

Chain: A traditional surveying instrument made of linked metal segments, usually 20 or 30
metres long, used for measuring straight distances.

Dumpy level: A surveyinginstrument mounted on a tripod and fitted with a spirit level, used
to establish or check points.in the same horizontal plane.

Electronic distance measurement (EDM) device: A specialised instrument that uses
electromagnetic waves to measure distances with high accuracy.

Global Positioning System (GPS) receiver: A device that uses satellite signals to determine
precise positions on the earth’s surface.

Land chain arrows: Small metal markers used to indicate points on the ground when
measuring with a chain.

Linear measurement instruments: Tools used to measure straight-line distances, such as
chains, steel tapes, ranging poles, and arrows.
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Maintenance: Routine actions such as cleaning, oiling, and checking instruments to keep
them in good working condition.

Planimeter: A mechanical or digital instrument used to measure the area of irregular shapes
onh maps or plans.

Ranging poles: Long poles, often painted in alternating red and white bands, used to mark
straight lines or points during measurement.

Steel measuring tape: A flexible strip of steel marked with graduations in. metres and
centimetres, used for precise distance measurement.

Surveying instrument: Any tool or device used to measure; record, or analyse physical
features of land, water, or structures for accurate survey data.

Theodolite: A precision instrument used to measure horizontal and vertical angles in
surveying.

Handling: The way surveying instruments are carried, set up, and used during fieldwork to
avoid damage and ensure accuracy:

Storage: The practice of keeping surveying instruments in protective cases or designated
areas to prevent damage from.moisture, dust, or rough handling.

Errors (instrumental,’human, natural): Mistakes or inaccuracies in surveying caused by
imperfections in instruments, mistakes by surveyors, or environmental factors such as
temperature changes.

Concept Check Questions [Series 1]

Objective questions

1. Which instrument is traditionally made of linked metal segments and used for measuring
straight distances? (Linked to SLO 2.2)

2. Theodolites are primarily used to measure:
a) Distances
b) Areas

c) Angles
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d) Elevations (Linked to SLO 2.3)
3. A planimeteris used to measure:
a) Linear distances
b) Horizontal angles
c) Irregular areas
d) Vertical heights (Linked to SLO 2.4)
4. Which of the following is an example of a natural error in surveying?
a) Misreading a staff
b) Tape length affected by temperature
c) Worn chain links
d) Misaligned telescope (Linked to SLO 2.5)
5. Ranging poles are painted in alternating colours to:
a) Prevent rust
b) Improve visibility
c) Measure distances

d) Store arrows (Linked to SLO2.2)

Short-answer questions

6. Define calibrationin the context of surveying instruments. (Linked to SLO 2.5)

7. State two advantages of using steel measuring tapes over chains. (Linked to SLO 2.2)
8. Explain the main function of a dumpy level. (Linked to SLO 2.3)

9. Identify.one specialised instrument apart from planimeters and describe its use. (Linked
to SLO 2.4)

10. Mention two routine maintenance actions that prolong the life of surveying instruments.
(Linked to SLO 2.5)

Long-answer questions

11. Discuss the classification of surveying instruments into linear, angular, and area
measurement categories, giving examples of each. (Linked to SLO 2.1)

- Basic response: Learners should describe the three categories and provide at least one
example for each.
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- Value-added response: Outstanding learners may also explain why classification is
important in practice and how it guides instrument selection.

12. Analyse the applications of angular and levelling instruments in surveying, with
emphasis on construction and topographic surveys. (Linked to SLO 2.3)

- Basic response: Learners should explain how dumpy levels and theodolites are used in
construction layout and topographic mapping.

- Value-added response: Outstanding learners may extend the discussion to modern
digital instruments, highlighting their advantages in reducing human error.

13. Evaluate the importance of proper care, handling, and calibration of instruments in
ensuring accuracy and reliability in surveying. (Linked to SLO 2.5)

- Basicresponse: Learners should describe how handling, storage, and calibration prevent
errors and maintain accuracy.

- Value-added response: Outstanding learners may. also connect these practices to
professional standards in surveying and discuss the consequences of neglecting them in
real-world projects.

Answers to Concept Check Questions [Series 1]
Objective questions

1. Chain

2.c)Angles

3. c) Irregular areas

4. b) Tape length affected by temperature

5. b) Improve visibility

Short-answer questions
6. Calibration is the process of adjusting an instrument to ensure its readings are accurate.

7. Steel measuring tapes are more precise and less affected by sagging compared to
chains.

8. Adumpy level is used to establish or check points in the same horizontal plane.

9. An EDM device, which uses electromagnetic waves, is used for precise distance
measurement.

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



10. Cleaning and oiling moving parts, and storing instruments in protective cases.

Long-answer questions
11.

- Basic response: Surveying instruments are classified into linear (chains, tapes), angular
(theodolites, dumpy levels), and area measurement (planimeters).

- Value-added response: Classification helps surveyors select the right tool for each task,
ensuring efficiency and accuracy in practice.

12.

- Basic response: Dumpy levels are used to determine/relative heights, while theodolites
measure angles for triangulation and construction layout.

- Value-added response: Modern digital instruments provide electronic readings, reducing
human error and improving efficiency in large-scale projects.

13.

- Basic response: Proper handling, storage, and calibration prevent errors, maintain
accuracy, and prolong instrument life.

- Value-added response: Neglecting these practices can lead to unreliable data, project
delays, and failure to meet professional standards in surveying.

Answers to Pilot Questions [Series 1]

Answers to Pilot Questions 1.1

- A surveying instrument is any tool or device used to measure, record, or analyse physical
features of land, water, or structures.

-="The three main categories are linear measurement instruments, angular measurement
instruments, and area measurement instruments.

<+ Examples of linear measurement instruments include chains and steel measuring tapes.
- Calibration is the process of adjusting an instrument to maintain accuracy.

- Proper handling prevents damage and ensures instruments remain reliable during
fieldwork.
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Answers to Pilot Questions 1.2

- A chain is made of linked metal segments, while a steel measuring tape is a flexible strip
marked with graduations for precision.

- Ranging poles are painted in alternating colours to improve visibility and alignment.
- Land chain arrows help mark intermediate points during long measurements.
- Chains and tapes are most commonly applied in boundary surveys.

- Steel measuring tapes must be handled carefully to avoid bending or breaking, which could
affect accuracy.

Answers to Pilot Questions 1.3

- A dumpy level is an instrument used to establish or check points in the same horizontal
plane.

- Theodolites are used to measure horizontal and vertical angles.

- To set up a dumpy level, the surveyorimounts.it on a tripod, adjusts the spirit level, and
takes staff readings.

- Modern digital theodolites provide electronic readings; reducing human error compared to
optical ones.

- Applications include construction layout, triangulation surveys, and determining relative
heights in topographic surveys.

Answers to Pilot Questions 1.4

- A planimeter is an instrument.used to measure the area of irregular shapes on maps or
plans.

- Curved orirregular boundaries are best measured using a planimeter.
- An EDM device useselectromagnetic waves to measure distances with high accuracy.

- GPS receivers are used to determine precise positions and assist in mapping and
construction layout.

- Area and specialised instruments are important in cadastral surveys for measuring land
parcels accurately.

Answers to Pilot Questions 1.5
- Proper storage prevents damage from moisture, dust, and rough handling.

- Calibration is the process of adjusting an instrument to ensure its readings are accurate.
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- Routine maintenance actions include cleaning, oiling moving parts, and checking for wear
and tear.

- Temperature changes affecting tape length are examples of natural errors.

- Surveyors can minimise human errors by careful observation, proper alignment, and
accurate recording of measurements.
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Illustration Attributions
- Figure 1.1 Basic surveying instruments used in fieldwork

Suggested Al prompt: “Generate a labelled diagram of basic surveying instruments
including chain, tape, ranging poles, and arrows.”

Sourcesuggestion: Search string “basic surveying instruments diagram OER”.
- Table 1.1 Classification of surveying instruments

Suggested Al prompt: “Create a table showing classification of surveying instruments into
linear, angular, and area measurement categories with examples.”

Source suggestion: Search string “classification of surveying instruments table OER”.

- Plate 1.1 Calibration of a dumpy level before use
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Suggested Al prompt: “Generate an image of a surveyor calibrating a dumpy level in the
field.”

Source suggestion: Search string “calibration of dumpy level surveyor OER image”.

- Figure 1.2 Chain and steel measuring tape used in surveying

Suggested Al prompt: “Generate a labelled diagram of a chain and steel measuring tape
used in surveying.”

Source suggestion: Search string “chain and steel measuring tape diagram OER”.

- Plate 1.2 Use of ranging poles to maintain alignment in surveying
Suggested Al prompt: “Generate an image of a surveyor using ranging poles in the field.”

Source suggestion: Search string “surveying ranging poles field OER image”.

- Box 1.1 Common applications of linear measurement instruments

Suggested Al prompt: “Create a text box listing common applications of chains, tapes,
ranging poles, and arrows in surveying.”

Source suggestion: Search string “applications of linear measurement instruments in
surveying OER”.

- Figure 1.3 Dumpy level setupfor levelling

Suggested Al prompt: “Generate a labelled diagram of a dumpy level mounted on a tripod
with a staff.”

Source suggestion: Search string “dumpy level diagram tripod staff OER”.

- Plate 1.3 Surveyor using a theodolite to measure angles
Suggested Al prompt: “Generate an image of a surveyor using a theodolite in the field.”

Source suggestion: Search string “surveying theodolite field OER image”.

<Box 1.2Common applications of angular and levelling instruments

Suggested Al prompt: “Create a text box listing common applications of dumpy levels and
theodolites in surveying.”

Source suggestion: Search string “applications of dumpy level and theodolite OER”.
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- Figure 1.4 Mechanical planimeter used for area measurement

Suggested Al prompt: “Generate a labelled diagram of a mechanical planimeter tracing a
boundary on a map.”

Source suggestion: Search string “mechanical planimeter diagram OER”.

- Plate 1.4 Surveyor using an EDM device for precise measurement

Suggested Al prompt: “Generate an image of a surveyor using an electronic distance
measurement device in the field.”

Source suggestion: Search string “surveying EDM device field OER image”.

- Box 1.3 Applications of area and specialised instruments

Suggested Al prompt: “Create a text box listing applications of planimeters, EDM devices,
and GPS receivers in surveying.”

Source suggestion: Search string “applications of planimeter EDM GPS in surveying OER”.

- Plate 1.5 Proper storage of surveying instruments in protective cases

Suggested Al prompt: “Generate an image of surveying instruments stored in protective
cases to prevent damage.”

Source suggestion: Search string “surveying instruments storage protective cases OER
image”.

- Figure 1.5 Calibration of a dumpy/level for accuracy

Suggested Al prompt: “Generate a labelled diagram showing calibration of a dumpy level
using a staff.”

Source suggestion: Search string “calibration of dumpy level diagram OER”.
- Box1.4 Common errors in surveying and their prevention

Suggested Al prompt: “Create a text box listing common errors in surveying and how to
prevent them.”

Source suggestion: Search string “surveying errors and prevention OER”.

Course code: GEY 209
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Course title: Introduction to Surveying

Units: 3 Units

List of series

Series 1: Surveying Instruments and Their Applications
Series 2: Fundamental Methods and Techniques of Surveying
Series 3: Types of Land and Specialized Surveys

Series 4: Advanced Surveying Practices and Technologies

Series 5: Geological and Mining Evaluation in Surveying

2.1 Principles of Surveying Methods
- 2.1.1 Definition and scope of surveying methods
-2.1.2 Importance of accuracy and precision

- 2.1.3 General procedures in fieldwork

2.2 Chain Surveying Techniques
-2.2.1 Concept and applications of chain surveying
- 2.2.2 Procedure for conducting chain surveys

- 2.2.3 Advantages and limitations of chain surveying

2.3 CompassSurveying Techhiques

- 2.3.1 Introduction to compass surveying
- 2.3.2 Types of compasses and their uses
- 2.3.3 Procedure for compass traversing

- 2.3.4 Sources of error and corrections

2.4 Levelling Methods
-2.4.1 Principles of levelling
-2.4.2 Types of levelling (simple, differential, profile, cross-section)

- 2.4.3 Recording and reducing levels
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-2.4.4 Common errors in levelling

2.5 Traversing and Plotting Techniques

- 2.5.1 Definition and importance of traversing

- 2.5.2 Methods of traversing (chain, compass, theodolite)
- 2.5.3 Plotting field data and preparation of survey plans

- 2.5.4 Checks and adjustments in traversing

Introduction

In the last Series, we explored surveying instruments and their applications, laying the
foundation for accurate measurement in the field. Having understood the tools, it is now
essentialto learn the methods.and techniques that bring these instruments to life. Surveying
methods provide the structured procedures through which data is collected, recorded, and
interpreted, ensuring that survey results are both reliable and useful for engineering,
construction, and land management projects.

The aim of this. Series is to introduce you to the fundamental methods and techniques of
surveying and to equip you with the practical skills needed to conduct surveys effectively,
apply appropriate procedures, and produce accurate survey plans.

We shall commence this Series by examining the principles of surveying methods, focusing
on accuracy, precision, and general fieldwork procedures. Next, we will move on to chain
surveying techniques, considering their applications, procedures, and limitations.
Following that, we will explore compass surveying techniques, including the use of different
compasses, traversing procedures, and error corrections. Afterwards, we will continue with
levelling methods, studying types of levelling and how to record and reduce levels. Finally,
we will wrap up by discussing traversing and plotting techniques, where you will learn how
to collect field data, prepare survey plans, and apply checks and adjustments to ensure
accuracy.
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Series Learning Outcomes

Upon completing this Series, you should be able to:

-SLO 2.1 define the principles of surveying methods and explain the importance of accuracy
and precision in fieldwork,

- SLO 2.2 demonstrate the procedure for conducting chain surveys and analyze their
advantages and limitations,

- SLO 2.3 apply compass surveying techniques by identifying types of compasses, carrying
out traversing, and correcting errors,

- SLO 2.4 explain different levelling methods and demonstrate how to record and reduce
levels accurately, and

-SLO 2.5 evaluate traversing and plotting techniques by preparing survey plans and applying
checks and adjustments to field data.

2.1 Principles of Surveying Methods

Surveying methods provide the structured procedures through which surveyors collect,
record, and interpret data. These methods. ensure that measurements are accurate,
consistent, and suitable for producing reliable maps and plans. In this Part, we shall
examine the definition and scope of surveying methods, the importance of accuracy and
precision, and the general procedures involved in fieldwork.

2.1.1 Definition and scope.of surveying methods

A surveying method is a systematic procedure used to measure and record the relative
positions of points on the earth’s surface. These methods vary depending on the type of
survey, the instruments used, and the level of accuracy required.

The scope /of surveying methods includes boundary surveys, construction layout,
topographic mapping, and route surveys. Each method is chosen based on the purpose of
the survey.and the terrain conditions.

Fillin the blank: A method is a systematic procedure used to measure and record
the relative positions of points.
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Figure 2.1 Overview of common surveying methods.

2.1.2 Importance of accuracy and precision

Accuracy refers to how close a measurement is to the true value, while precision refers to
the consistency of repeated measurements. Both are critical in surveying because even
small errors can lead to significant problems in construction or land management.

Surveyors must therefore adopt methods that minimize errors and ensure reliable results.
This involves careful instrument use, proper calibration, and adherence to standard
procedures.

Fillsin the blank: refers to how close a measurement is to the true value, while
precision refers to consistency.

Concept Definition Surveying Example
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Accuracy How close a measurement is to the true or A surveyor measures a 100m baseline and

accepted value. gets exactly 100.001m.
Precision How close a series of measurements are A surveyor measures the same line five times
to each other (repeatability). and gets 100.55m every single time.

Box 2.1 Difference between accuracy and precision in surveying.

2.1.3 General procedures in fieldwork

Surveying methods follow a general sequence of steps to ensure systematic data collection.
These include:

- Reconnaissance: Preliminary inspection of the site to plan the survey.

- Selection of method: Choosing the appropriate surveying method based on terrain and
purpose.

- Instrument setup: Positioning and calibrating instruments correctly.
- Measurement and recording: Collecting data systematically and recording it accurately.

- Plotting and checking: Transferring field data to maps or plans and applying checks to
detect errors.

These procedures provide a framework that ensures surveys are conducted efficiently and
produce dependable results.

Fillin the blank: The preliminary inspection of the site to plan the survey is called

Step Procedure Key Activities & Objectives

A preliminary "walk-over" of the site. Identify boundaries, terrain

1 R i . . . . :
N 4 difficulties, and optimal locations for control stations.

) Method Deciding the best technique (e.g., Traversing, Trilateration, or GNSS) based
Selection on the accuracy required and site conditions.

3 Instrument Centering and leveling the device (Total Station, Level, etc.) exactly over a
Setup station point. Includes focusing and eliminating parallax.

The actual collection of data—angles, distances, and elevations. This

4 . . . .
geasurement involves taking "Backsights" and "Foresights."

Field Book Recording all data in a structured format. Sketches of the area are often
Entry drawn here to clarify the numerical data.
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The transition from field to office. Points are plotted to scale to create a map

6 Data Plotting or digital model (BIM/CAD).

Table 2.1 General procedures in surveying fieldwork.

Pilot questions 2.1

1. Define a surveying method.

2. State two examples of surveys included in the scope of surveying methods.
3. Differentiate between accuracy and precision in surveying.

4. List three general procedures in surveying fieldwork.

5. Why is accuracy important in construction projects?

2.2 Chain Surveying Techniques

Chain surveying is one of the simplest and oldest methods of surveying. It involves
measuring straight-line distances using chains or tapes andis particularly suitable for small,
relatively flat areas. Despite its simplicity, chain surveying requires careful planning and
execution to ensure accuracy. In this Part, we shallexplore the concept and applications of
chain surveying, the procedure for conducting chain surveys, and the advantages and
limitations of this method.

2.2.1 Concept and applications of chain surveying

Chain surveying is aimethod of surveying that relies entirely on linear measurements taken
with chains or tapes. It does notinvolve angular measurements, making it suitable for areas
with simple boundaries and few details.

Applications of chain surveying include small-scale mapping, boundary surveys, and
preliminary site investigations. It is often used in rural areas or for projects where high
precision is nhot critical.

Fillin the blank: surveying is a method that relies entirely on linear measurements
taken with chains or tapes.
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FIG.12 PRINCIPLE OF CHAIN SURVEYING

Figure 2.2 Basic layout of a chain survey.

2.2.2 Procedure for conducting chain surveys

The procedure forchain surveying follows a systematic sequence:

- Reconnaissance: Inspecting the site to identify key features and plan the survey.

- Selection of baseline: Choosing a main line from which other measurements will be taken.
- Setting out stations: Marking survey stations with ranging poles or pegs.

- Measurement of lines: Measuring the baseline and offsets using chains or tapes.
--Recording data: Entering measurements in a field book with neat sketches.

- Plotting: Transferring field data to a plan, ensuring accuracy and clarity.

Fill'in the blank: The main line chosen from which other measurements are taken is called
the

Step Phase Action & Purpose

3
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Walk the site to identify boundaries and obstacles. Select the best

1  Reconnaissance o . . o .
positions for "Main Stations" to form well-conditioned triangles.

Fix the main stations using wooden pegs or ranging rods. These points

2 Marking Stations form the skeleton of the entire survey.

3 Running the Select the longest line passing through the center of the area. This is the
Baseline Baseline, upon which the accuracy of the entire survey depends.

4 Ranging and Straighten the chain between stations using ranging rods. Measure the
Chaining distance along the main lines and "Tie Lines."

Measure lateral distances from the chain line to-nearby features (trees,
5 Taking Offsets  fences, buildings). These are either Perpendicular Offsets or Oblique
Offsets.

Record all measurements and sketches in a field book, starting from the

6  Field Book Entry bottom of the page and working upwards.

Table 2.2 Steps in chain surveying procedure.

2.2.3 Advantages and limitations of chain surveying
Chain surveying offers several advantages:

- Simple and easy to understand.

- Requires inexpensive instruments.

- Suitable for small, open, and fairly levelareas.

However, it also has limitations:
- Not suitable for large or complex areas.
- Accuracy is affected by uneven ground, obstacles, and human error.

- Time-consuming compared to modern methods.

Fillin the blank: Chain surveying is most suitable for areas that are small, open, and
fairly level.
Advantages Limitations

Terrain Constraints: Highly difficult to use in
wooded, hilly, or cluttered areas where a clear
line of sight is blocked.

Simplicity: Does not require complex or
expensive instruments like total stations.
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Durability: Equipment (chains, arrows, ranging Limited Scale: Not suitable for large areas as
rods) is rugged and can withstand harsh fieldthe accumulation of small errors becomes
conditions. significant.

Minimal Training: Easy to learn and perform with Labor Intensive: Requires multiple people to
a small team; requires no advanced mathematicalrange, pull the chain, and record offsets
knowledge in the field. manually.

Accuracy: Susceptible to errors from. chain
sagging, temperature changes, and "pull"
tension.

Cost-Effective: Ideal for small-scale local surveys
or boundary checks where budget is limited.

Box 2.2 Advantages and limitations of chain surveying.

Pilot questions 2.2

1. Define chain surveying.

2. State two applications of chain surveying.

3. What is the baseline in chain surveying?

4. List three steps in the procedure for chain surveying.

5. Mention one advantage and one limitation of chain surveying.

2.3 Compass Surveying Techniques

Compass surveying is a method of surveying in which directions of survey lines are
determined with the help of a compass and distances are measured with a chain or tape. It
is particularly useful for mediums=sized areas where angular measurements are required but
high precision.is-not essential. In this Part, we shall examine the introduction to compass
surveying, types of compasses and their uses, the procedure for compass traversing, and
the sources of error with their corrections.

2.3.1 Introduction to compass surveying

A compass.is a surveying instrument used to measure directions relative to magnetic north.
Incompass surveying, the compass is employed to determine bearings of survey lines, while
chains or tapes are used to measure distances.

Compass surveying is suitable for areas with moderate detail and where quick results are
needed. It is often used in preliminary surveys, route surveys, and exploratory mapping.

Fill in the blank: A is a surveying instrument used to measure directions relative to
magnetic north.
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Figure 2.3 Compass used in surveying with chain measurement.

2.3.2 Types of compasses and their uses
There are two main types of compasses used in surveying:

- Prismatic compass: A compass fitted with a prism that allows simultaneous viewing of the
object and the graduated circle. Itis portable and commonly used for quick fieldwork.

- Surveyor’s compass: A larger compass mounted on a tripod, used for more stable and
accurate readings.

Each type has its advantages; and the choice depends on the nature of the survey and the
required accuracy.

Fillin the blank:The compass allows simultaneous viewing of the object and the
graduatedcircle.

-
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Plate 2.3 Surveyor using a prismatic compass for field measurements.

2.3.3 Procedure for compass traversing

Compass traversing is the process of measuring a series of connected survey lines using a
compass for bearings and a chain.or tape for distances. The procedure involves:

- Setting up the.compass at a station.

- Taking the bearing of the forward line.

- Measuring the distance with a chain or tape.

- Moving to the next station and repeating the process.
- Recording all bearings and distances in a field book.

-Plotting the traverse on paper to form a closed figure.

Fill in the blank: The process of measuring a series of connected survey lines using a
compass is called traversing.

ol
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Step Action Brief Explanation

Walking the area to identify the best locations for survey

1. Reconnaissance Field Inspection . . o
p stations and checking for magnetic interference.

Establishing Fixing the survey stations on the ground using wooden

2. Marking Stations .
& Points pegs or arrows to define the traverse path.

Placing the compass exactly over the station point using a

3. Centering Instrument Setup plumb bob or by dropping a stone.

. Adjusting the Ensuring the compass box is perfectly horizontal so the
4. Leveling . ) )

Compass aluminum ring can swing freely.

5. Measuring . . .. . Taking the Fore Bearing (FB) of the next station and the
Bearings Sighting the LmeSBack Bearing (BB) of the previous station,
6. Measuring Linear Measuring the horizontal distance between consecutive
Distances Measurement stations using a chain or steel tape.

Systematically noting all bearings and distances in a field

7. Recording Data Field Book Entry book; including sketches of the traverse.

8. . Plotting & Office Work Drawmg the trave¥se (zn paper anfl checking for the Closing
Closing Error using Bowditeh’s or Transit rules.

Table 2.3 Steps in compass traversing procedure.

2.3.4 Sources of error and corrections
Errors in compass surveying may arise from several sources:

- Instrumentalerrors: Imperfections in the compass, such as faulty graduation or misaligned
needle.

- Personal errors: Mistakes made by the surveyor, such as incorrect reading of bearings.

- Magnetic errors: Deflection of the needle caused by nearby metallic objects or electrical
currents.

Corrections include regular calibration of the compass, careful observation, and avoiding
surveys near magnetic disturbances.

Fillin the blank: Deflection of the compass needle caused by nearby metallic objects is an
example of error.
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Category Specific Error Suggested Correction

Needle not perfectly Regulate the needle or calculate the constant error to

Instrumental straight apply to all readings.
Pivot point is blunt Sharpen the pivot or replace the instrument to ensure the
needle swings freely.
Sluggish needle Re-magnetize the needle or clean the pivot assembly.
Personal Inaccurate Centering Use a plumb bob to ensure the compass is directly over

the station peg.

Ensure the eye is positioned directly above the prism

Parallax Error when reading the scale.

Align the vertical hair in the object vane exactly with the

Incorrect Sighting ranging rod

Check if FB - BB \neq 180"\circ. Apply corrections to

Natural/Magnetic Local Attraction affocted statichs.

Add or subtract the local magnetic declination to convert

M ic Declinati . . )
agnetic Declination magnetic bearings to true bearings.

Variations Avoid taking critical readings during times of peak
(Diurnal/Annual) magnetic flux (e.g., during magnetic storms).

Box 2.3 Common errors in compass surveying and their corrections.
Pilot questions 2.3

1. Define compass surveying;.

2. State two applications of compass surveying.

3. Differentiate between a prismatic compass and a surveyor’s compass.
4. Listthree steps.in the procedure for compass traversing.

5. Mention one source of error in compass surveying and its correction.

2.4 Levelling Methods

Levelling is a fundamental surveying technique used to determine the relative heights of
points on the earth’s surface. It ensures that construction projects, such as roads, bridges,
and buildings, are laid out correctly in relation to elevation. In this Part, we shall explore the
principles of levelling, the different types of levelling, how to record and reduce levels, and
the common errors encountered in levelling.
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2.4.1 Principles of levelling

Levelling is the process of finding the elevation of points relative to a datum, which is a
reference level such as mean sea level. The main objective is to establish points of equal
height or to determine height differences between points.

Levellingis carried out using instruments such as the dumpy level, automatic level; or digital
level, along with a graduated staff. The line of sight of the instrument must be perfectly
horizontal to ensure accuracy.

Fillin the blank: The process of finding the elevation of points relative to a datum is called

Staff Reading
(SR)

Station 1

_ Wi

Benchmark (BM)
Level (RL)

Ag

OER

Figure 2.4 Basic principle of levelling using a dumpy level.

2.4.2 Types of levelling
There are several types of levelling methods, each suited to specific tasks:

- Simple levelling: Determining the difference in elevation between two points using a single
setup of the instrument.

-
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- Differential levelling: Measuring height differences between points that are far apart by
moving the instrument across multiple setups.

- Profile levelling: Determining elevations along a line, often used for road or railway
construction.

- Cross-section levelling: Measuring elevations perpendicular to a baseline, useful in
earthwork and drainage projects.

Fill in the blank: levelling is used to determine elevations along a'line, such as for
road construction.

Method Description Primary Applications

Determining the difference in elevation between Small-scale  projects where
two points that are visible from a single instrument points are close together and no
station. obstacles exist.

Simple
Levelling

Establishing Benchmarks (BM)
at a distance from a known
elevation point.

Differential A series of simple levelling steps used when
(Fly) Levelling points are far apart or separated by obstacles.

Designing linear features like
Profile Taking levels at frequent intervals along a central roads, railways, canals, and
Levelling line or predetermined path. pipelines to determine cut and
fill.

Calculating the earthwork
volume and determining the
lateral shape of the ground.

Cross-Section Taking levels perpendicular to the centerline of a
Levelling project at regular intervals.

A technique used to find the true elevation
Reciprocal difference between two points separated by a large Bridee
Levelling obstacle (like a river) where the instrument cannot &
be placed in the middle.

Table 2.4 Types of levelling methods and their applications.

2:4.3 Recording and reducing levels

Levelling requires careful recording of staff readings in a level book, which is a structured
record of backsights, foresights, and intermediate sights.

- Backsight (BS): A staff reading taken on a known point of elevation, used to establish the
height of the instrument.

- Foresight (FS): A staff reading taken on a point whose elevation is to be determined.
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- Intermediate sight (IS): A staff reading taken on other points between BS and FS.

The process of reducing levels involves calculating the elevations of points by subtracting
foresights and adding backsights to the height of the instrument.

Fillin the blank: A staff reading taken on a known point of elevation to establish the height of
the instrument is called a

Term Definition Purpose

To establish the Height of Instrument
(HI) using 'a known elevation
(Benchmark).

The first staff reading taken after the

Backsight (BS) instrument is set up or shifted.

The last staff reading taken before
Foresight (FS) shifting the instrument to a new
location.

To determine the elevation of a "change
point" (CP) to continue the leveling line.

Intermediate =~ Any staff reading taken between aTo find the€levations of points along a
Sight (IS) Backsight and a Foresight. traverse without moving the instrument.

The calculated wvertical  distance
Reduced Level . )

(elevation) of a point above or below a
(RL)

fixed datum.

Box 2.4 Key terms in recording and reducing levels.

2.4.4 Common errors in levelling

Errors in levelling can arise fromseveral sources:

- Instrumental errors: Imperfections in the level, such as a misaligned line of sight.
- Personal errors: Mistakes made by the surveyor, such as incorrect staff readings.
- Natural errors: Environmental factors such as wind, uneven ground, or refraction.

To minimize errors, surveyors must calibrate instruments regularly, take readings carefully,
and avoid working under extreme environmental conditions.

Fill in‘the blank: Errors caused by environmental factors such as wind or refraction are
classified as errors.

R
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CHECKING FOR
LEVELING ERRORS

Plate 2.4 Surveyor checking a level instrument to minimize errors.

Pilot questions 2.4

1. Define levelling in surveying.

2. State two instruments commonly used in levelling.

3. Differentiate between simple levelling and differential levelling.
4. Whatis a backsight.in levelling?

5. Mention one source of error in levelling and how it can be minimized.

2.5 Traversing and Plotting Techniques

Traversing is a fundamental surveying method used to establish control networks and
measure a series of connected lines. Itis particularly useful for mapping large areas and for
projects that require both distance and angular measurements. Plotting techniques, on the
other hand, involve transferring field data onto paper or digital platforms to produce survey
plans. In this Part, we shall explore the definition and importance of traversing, the methods
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of traversing, plotting field data, and the checks and adjustments required to ensure
accuracy.

2.5.1 Definition and importance of traversing

Traversing is a method of surveying in which a series of connected survey lines are
measured, with both their lengths and directions recorded. These lines form a traverse,
which may be open (notreturning to the starting point) or closed (forming a complete loop).

Traversing is important because it provides a framework for detailed surveys, helps in
establishing control points, and supports the preparation of accurate maps and plans.

Fill in the blank: A

is a series of connected survey lines whose. lengths and
directions are measured.

OPEN TRAVESE CLOSED TRAVESE

START POINT (A)

0 START/END POINT (P) _ ~~
4 P
s ®

DISTANCE !

ANGLE

NO CLOSED LOOP /
UNKNOWN ENDING

DISTANCE =

| T L 0 s ¥
FORMS A COMPLETE LOOP /
END POINT (E) CHECKS FOR ERRORS

O STATION POINT
—» MEASUREMENT DIRECTION ¢ ANGLE MEASUREMENT

Open Educational QER

Figure 2.5 Examples of open and closed traverses.

2.5.2 Methods of traversing

-
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There are several methods of traversing, depending on the instruments used:

- Chain traversing: Distances are measured with chains or tapes, and directions are
established using offsets.

- Compass traversing: Bearings are measured with a compass, and distances are measured
with chains or tapes.

- Theodolite traversing: Both angles and distances are measured with high precision using a
theodolite and tape or EDM device.

Each method has its advantages, with chain traversing being simple, compass traversing
being quick, and theodolite traversing being highly accurate.

Fillin the blank: traversing is the most accurate method because it measures both
angles and distances precisely.

Feature Chain Traversing Compass Traversing Theodolite Traversing

Magnetic Compass Theodolite  (Transit  or

Primary Tool Chain or Tape (Prismatic/Surveyor) Digital)

Linear measurements Magnetic bearings and linear Horizontal/vertical — angles
Measurement R

nly. distances. and linear distances.
. Low. Prone to errors in Moderate. Limited by High. Most accurate method
Precision . . . . o
chaining and stepping. .magnetic local attraction. for establishing control.

Large-scale projects,
engineering works, and city
surveys.

Best  UsedSmall areas with few Rough surveys, forestry, or
For obstacles: reconnaissance.

Extremely precise; can

Simple,  inexpensive . )
P'c, P *Fast; errors in one line do not )
handle complex calculations

Advantages /and requires ~minimal necessarily affect the next.

training. and heights.
ifficul in . . .
Very pificult Affected by "Local Equipment is expensive;
. QN . crowded or uneven o : )
Limitations . Attraction" (metal, powerrequires skilled operators
terrain; no  angular;. . .
lines); less precise. and more time.

checks.
Table 2.5 Methods of traversing and their characteristics.
2.5.3 Plotting field data and preparation of survey plans

Plotting is the process of transferring field measurements onto paper or digital platforms to
create survey plans. This involves:

R
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- Drawing the traverse lines to scale.

- Plotting bearings and distances accurately.

- Adding details such as boundaries, features, and landmarks.
- Ensuring clarity and neatness for interpretation.

Survey plans prepared through plotting are essential for construction, land management,
and engineering projects.

Fillin the blank: The process of transferring field measurements onto paper to create survey
plans is called

2.5.4 Checks and adjustments in traversing

Errors may occur in traversing due to inaccurate measurements or plotting mistakes. To
ensure accuracy, surveyors apply checks and adjustments:

- Closing error: The difference between the starting and ending point in a closed traverse.

-
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- Balancing the traverse: Distributing the closing error proportionally among the lines.
- Graphical checks: Ensuring plotted lines form the correct shape.
- Mathematical checks: Using calculations to confirm accuracy of bearings and distances.

These checks guarantee that survey plans are reliable and suitable for practical use.

Fillin the blank: The difference between the starting and ending point in a closed traverse is
called error.

Specific

Category Check/Adjustment Purpose
Mathematical Angular Sum Check EnAsur‘es the sum of internal angles equals (2n - 4) \times
Checks 90M\circ.

Verifies that the algebraic sum of latitudes (\sum L) and

Latitude & Departure departures (\sum.D) both equal zero for a closed traverse.

Calculated using \sqrt{(\sum L)*2 + (\sum D)"2} to

losing E Li Miscl . . .
Closing Error fheat Viisciosure determine the distance between the start and end points.

Expressed as a ratio (e.g., 1:5,000) to assess if the survey

Relative Precision .
meets required standards.

Distributes errors in proportion to the length of the
Adjustments ~ Bowditch’s Rule traverse legs (used when linear and angular
measurements are equally precise).

Distributes errors based on the magnitude of latitudes
Transit Rule and departures (used when angular measurements are
more precise).

Visually inspecting the traverse on paper to identify
obvious blunders or "kinks" in the lines.

Graphical

Checks Plotting

Box'2.5 Common checks and adjustments in traversing.

Pilot questions 2.5

1. Define traversing in surveying.

2. Differentiate between an open traverse and a closed traverse.
3. State one advantage of compass traversing.

4. What is plotting in surveying?
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5. Explain what is meant by closing error in traversing.

Series Summary

This Series has focused on the fundamental methods and techniques of surveying, building
directly on the knowledge of instruments gained earlier. Its purpose has been to equip you
with practical procedures for carrying out surveys effectively, ensuring accuracy and
reliability in the field. By working through the Parts, you have seen how surveying methods
provide structure to data collection and how each technique contributes to producing
dependable survey plans.

We began with the principles of surveying methods, highlighting accuracy, precision, and
general fieldwork procedures. Then we examined chain surveying, considering its
applications, procedures, and limitations, before moving on to compass.surveying, where
bearings and traverses were introduced alongside sources of error and corrections.
Following that, we explored levelling methods, including simple, differential, profile, and
cross-section levelling, as well as recording and reducing levels. Finally, we studied
traversing and plotting techniques, learning how to prepare survey plans and apply checks
and adjustments. In line with the Series Learning Outcomes, you should now be able to
define surveying principles, demonstrate chain and compass techniques, apply levelling
methods, and evaluate traversing and plotting procedures with confidence.

Glossary of Terms

Accuracy: How close a measurementis to the true value.

Backsight (BS): A'staff reading taken on a known point of elevation to establish the height of
the instrument.

Baseline: The main survey line from which other measurements are taken in chain
surveying.

Bearing: The direction of a survey line measured relative to magnetic north.

Chain surveying: A method of surveying that relies entirely on linear measurements taken
with chains or tapes.

Closing error: The difference between the starting and ending pointin a closed traverse.
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Compass surveying: A method of surveying in which directions are measured with a
compass and distances with a chain or tape.

Cross-section levelling: A levelling method used to measure elevations perpendicular to a
baseline, often for earthwork projects.

Datum: A reference level, such as mean sea level, from which elevations are measured.

Differential levelling: A levelling method used to determine height differences between
points that are far apart by moving the instrument across multiple setups.

Foresight (FS): A staff reading taken on a point whose elevation is to be determined.

Intermediate sight (IS): A staff reading taken on points between backsight and foresight
readings.

Levelling: The process of finding theelevation of points relative to a datum.

Plotting: The process of transferring field measurements onto paper or digital platforms to
create survey plans.

Precision: The consistencyof repeated measurements, even if they are not close to the true
value.

Prismatic compass: A portable compass fitted with a prism that allows simultaneous
viewing of the.object and the graduated circle.

Profile levelling: A levelling method used to determine elevations along a line, such as for
road or railway construction.

Simple levelling: A levelling method used to determine the difference in elevation between
two points using a single setup.

Surveyor’s compass: A larger compass mounted on a tripod, used for more stable and
accurate readings.

Traverse: A series of connected survey lines whose lengths and directions are measured.
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Traversing: The method of surveying in which both lengths and directions of connected lines
are measured to form a traverse.

Concept Check Questions [Series 2]
Objective questions
1. Which term refers to how close a measurement is to the true value? (Linked to SLO 2.1)

2. The main line chosen from which other measurements are taken in chain surveying is
called:

a) Offset
b) Baseline
c) Traverse
d) Datum (Linked to SLO 2.2)
3. The prismatic compass allows surveyorsto:
a) Measure distances
b) View the object and graduatedcircle simultaneously
c) Record elevations
d) Reduce levels (Linkedto SLO 2.3)

4. A staff reading taken on a known point of elevation to establish the height of the
instrument is called:

a) Foresight
b) Intermediatesight
c) Backsight
d) Traverse sight (Linked to SLO 2.4)
5. The difference between the starting and ending point in a closed traverse is known as:
a) Closing error
b) Balancing error
c) Datum error

d) Instrumental error (Linked to SLO 2.5)
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Short-answer questions
6. Define a surveying method. (Linked to SLO 2.1)
7. State two applications of chain surveying. (Linked to SLO 2.2)

8. Differentiate between a prismatic compass and a surveyor’s compass. (Linked to SLO
2.3)

9. Explain the purpose of a level book in levelling. (Linked to SLO 2.4)

10. What is meant by balancing the traverse? (Linked to SLO 2.5)

Long-answer questions

11. Describe the general procedures in surveying fieldwork, highlighting their importance.
(Linked to SLO 2.1)

- Basic response: Learners should list and explain reconnaissance, baseline selection,
instrument setup, measurement, recording, and plotting.

- Value-added response: Outstanding learners may also discuss how these procedures
ensure systematic data collection and minimise errors in practice.

12. Analyse the advantages and limitations of chain surveying. (Linked to SLO 2.2)

- Basic response: Learners should state that chain surveying is simple and inexpensive but
unsuitable for large or complexareas.

- Value-added response: Outstanding learners may extend the analysis by comparing
chain surveying with-modern methods such as EDM or GPS.

13. Evaluate the sources of error in compass surveying and suggest corrections. (Linked to
SLO 2.3)

- Basic response: lL.earners should identify instrumental, personal, and magnetic errors,
along with basic corrections.

- Value-added response: Outstanding learners may also explain how modern digital
compasses reduce these errors and improve efficiency.

14. Explain the different types of levelling methods and their applications. (Linked to SLO
2.4)

- Basic response: Learners should describe simple, differential, profile, and cross-section
levelling with examples.
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- Value-added response: Outstanding learners may also discuss how levelling supports
engineering projects such as road design and drainage planning.

15. Discuss the importance of checks and adjustments in traversing, with examples of
methods used. (Linked to SLO 2.5)

- Basic response: Learners should explain closing error, balancing the traverse, and
graphical checks.

-Value-added response: Outstanding learners may also evaluate the role of mathematical
checks and modern software in improving accuracy.

Answers to Concept Check Questions [Series 2]

Objective questions

1. Accuracy

2. b) Baseline

3. b) View the object and graduated circle simultaneously
4. c) Backsight

5. a) Closing error

Short-answer questions

6. A surveying method is a'systematic procedure used to measure and record the relative
positions of points.

7. Applications include small-scale mapping and boundary surveys.

8. A prismatic.compass.is portable and allows simultaneous viewing of the object and
graduated circle, while a surveyor’s compass is larger, mounted on a tripod, and provides
more stable readings.

9. A/level book is used to record backsights, foresights, and intermediate sights
systematically for reducing levels.

10. Balancing the traverse means distributing the closing error proportionally among the
survey lines.

Long-answer questions
11.

- Basic response: General procedures include reconnaissance, baseline selection,
instrument setup, measurement, recording, and plotting.
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- Value-added response: These procedures ensure systematic data collection, minimise
errors, and provide reliable survey results.

12.

- Basic response: Chain surveying is simple, inexpensive, and suitable for small areas, but
limited in accuracy and scope.

-Value-added response: Compared to modern methods like EDM or GPS, chainsurveying is
slower and less precise, but still useful for basic surveys.

13.

- Basic response: Errors include instrumental faults, personal mistakes, and magnetic
deflections. Corrections involve calibration, careful observation, and avoiding magnetic
disturbances.

- Value-added response: Modern digital compasses reduce humahn error and compensate
for magnetic variations, improving efficiency.

14.

- Basic response: Simple levelling measures elevation between two points, differential
levelling covers distant points, profile levelling is used along lines, and cross-section
levelling is used perpendicular to baselines.

- Value-added response: Levelling supports engineering projects such as designing roads,
railways, and drainage systems.

15.

- Basic response: Checks-include identifying closing error, balancing the traverse, and
applying graphical checks.

- Value-added response: Mathematical checks and modern software tools enhance
accuracy and reliability in traversing.

Answers to Pilot Questions [Series 2]

Answers to Pilot Questions 2.1

- A surveying method is a systematic procedure used to measure and record the relative
positions of points.

- Examples include boundary surveys and route surveys.
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- Accuracy refers to closeness to the true value, while precision refers to consistency of
repeated measurements.

- General procedures include reconnaissance, baseline selection, instrument setup,
measurement and recording, and plotting.

- Reconnaissance is the preliminary inspection of the site to plan the survey.

Answers to Pilot Questions 2.2

- Chain surveying is a method that relies entirely on linear measurements taken with chains
or tapes.

- Applications include small-scale mapping and boundary surveys.
- The baseline is the main line chosen from which other measurements are taken.

- Steps include reconnaissance, baseline selection, setting out stations, measuring lines,
recording data, and plotting.

- Chain surveying is most suitable for small, open, and fairly level areas.

Answers to Pilot Questions 2.3

- Compass surveying is a method in which directions are measured with a compass and
distances with a chain or tape.

- Applications include preliminary surveys and route surveys.

- A prismatic compass is portable and allows simultaneous viewing of the object and
graduated circle, while a surveyor’s compass is larger, tripod-mounted, and more stable.

- Steps in compass traversing include setting up the compass, taking bearings, measuring
distances, recording data, and plotting the traverse.

- Magnetic errorisasource of error caused by nearby metallic objects, corrected by avoiding
magnetic disturbances.

Answers to Pilot Questions 2.4
- Levelling is the process of finding the elevation of points relative to a datum.
-Instruments commonly used include the dumpy level and automatic level.

- Simple levelling measures elevation between two points, while differential levelling covers
points that are far apart.

- A backsight is a staff reading taken on a known point of elevation to establish the height of
the instrument.
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- Natural errors such as wind or refraction can be minimised by avoiding extreme
environmental conditions.

Answers to Pilot Questions 2.5

- Traversing is a method of surveying in which both lengths and directions of connected lines
are measured.

- An open traverse does not return to the starting point, while a closed traverse forms a
complete loop.

- Compass traversing is quick and suitable for medium-sized areas.

- Plotting is the process of transferring field measurements onto paper to create survey
plans.

- Closing error is the difference between the starting and ending point in a closed traverse.

References and Attributions [Series 2]

The instructional content for Series 2: Basic Surveying Methods and Techniques has been
prepared using standard surveying texts and open educational resources. Suggested
illustrations were either referenced from OER repositories or designed to be generated using
Al prompts. The following references-and attributions are presented in APA style for clarity
and consistency.

Textual References

- Bannister, A., Raymond, S., & Baker, R. (1998). Surveying (7th ed.). Pearson Education
Limited.

- Schofield, W., & Breach; M. (2007). Engineering Surveying (6th ed.). Butterworth-
Heinemann.

- Uren,J:; & Price, W. F. (2010). Surveying for Engineers (5th ed.). Palgrave Macmillan.

- Wolf, P. R.; & Ghilani, C. D. (2012). Elementary Surveying: An Introduction to Geomatics
(13th ed.). Pearson Prentice Hall.

- Open Textbook Library. (n.d.). Surveying and Geomatics resources. Retrieved from
https://open.umn.edu/opentextbooks (open.umn.edu in Bing)

- MIT OpenCourseWare. (n.d.). Civil and Environmental Engineering resources. Retrieved

from https://ocw.mit.edu

Illustration Attributions
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- Figure 2.1 Overview of common surveying methods

Suggested Al prompt: “Generate a labelled diagram showing chain surveying, compass
surveying, levelling, and traversing methods.”

Source suggestion: Search string “types of surveying methods diagram OER”.

- Box 2.1 Difference between accuracy and precision in surveying

Suggested Al prompt: “Create a text box explaining the difference between accuracy and
precision in surveying with examples.”

Source suggestion: Search string “accuracy vs precision in surveying OER”.

- Table 2.1 General procedures in surveying fieldwork

Suggested Al prompt: “Create a table listing general procedures in surveying fieldwork
including reconnaissance, method selection, .instrument setup, measurement, and
plotting.”

Source suggestion: Search string “general procedures in surveying fieldwork table OER”.

- Figure 2.2 Basic layout of a chain survey

Suggested Al prompt: “Generate a labelled diagram showing a chain survey layout with
baseline and offsets.”

Source suggestion: Search string “chain survey layout diagram OER”.

- Table 2.2 Steps in chain surveying procedure

Suggested Al prompt: “Create a table listing the steps in chain surveying procedure with
explanations.”

Source suggestion: Search string “chain surveying procedure steps table OER”.
- Box 2.2 Advantages and limitations of chain surveying

Suggested Al prompt: “Create a text box listing advantages and limitations of chain
surveying.”

Source suggestion: Search string “advantages and limitations of chain surveying OER”.

- Figure 2.3 Compass used in surveying with chain measurement
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Suggested Al prompt: “Generate a labelled diagram of a compass mounted on a tripod with
a chain for distance measurement.”

Source suggestion: Search string “compass surveying diagram OER”.

- Plate 2.3 Surveyor using a prismatic compass for field measurements

Suggested Al prompt: “Generate an image of a surveyor using a prismatic compass in the
field.”

Source suggestion: Search string “surveying prismatic compass field OER image”.

- Table 2.3 Steps in compass traversing procedure

Suggested Al prompt: “Create a table listing the steps in compass traversing procedure
with explanations.”

Source suggestion: Search string “compass traversing procedure steps table OER”.

- Box 2.3 Common errors in compass surveying and their corrections

Suggested Al prompt: “Create a text box listing common errors in compass surveying and
their corrections.”

Source suggestion: Search string “errors in compass surveying and corrections OER”.

- Figure 2.4 Basic principle.of levelling using a dumpy level

Suggested Al prompt: “Generate a labelled diagram of a dumpy level set up with a staff for
levelling.”

Source suggestion: Search string “principle of levelling dumpy level diagram OER”.

- Table 2.4 Types of levelling methods and their applications

Suggested Al prompt: “Create a table listing types of levelling methods with their
applications.”

Source suggestion: Search string “types of levelling methods table OER”.

-Box2.4 Key terms in recording and reducing levels

Suggested Al prompt: “Create a text box defining backsight, foresight, intermediate sight,
and reducing levels in surveying.”

Source suggestion: Search string “backsight foresight intermediate sight reducing levels
OER”.
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- Plate 2.4 Surveyor checking a level instrument to minimise errors

Suggested Al prompt: “Generate an image of a surveyor checking a level instrument to
minimise errors.”

Source suggestion: Search string “surveying levelling errors instrument check OER
image”.

- Figure 2.5 Examples of open and closed traverses

Suggested Al prompt: “Generate a labelled diagram showing open and.closed traverses in
surveying.”

Source suggestion: Search string “open and closed traverse diagram OER”.

- Table 2.5 Methods of traversing and their characteristics

Suggested Al prompt: “Create a table comparing chain, compass, and theodolite traversing
with advantages and limitations.”

Source suggestion: Search string “methods of traversing comparison table OER”.

- Plate 2.5 Surveyor plotting field data.to prepare a survey plan

Suggested Al prompt: “Generate an image of a surveyor plotting field data on a drawing
board.”

Source suggestion: Search string “surveying plotting field data drawing board OER image”.

- Box 2.5 Common checks and adjustments in traversing

Suggested Al prompt: “Create a text box listing common checks and adjustments in
traversing.”

Source suggestion: Search string “checks and adjustments in traversing OER”.

Course code: GEY 209
Course title: Introduction to Surveying

Units: 3 Units
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List of series

Series 1: Surveying Instruments and Their Applications
Series 2: Fundamental Methods and Techniques of Surveying
Series 3: Types of Land and Specialized Surveys

Series 4: Advanced Surveying Practices and Technologies

Series 5: Geological and Mining Evaluation in Surveying

3.1 Cadastral and Boundary Surveys
- 3.1.1 Definition and purpose of cadastral surveys
- 3.1.2 Procedures for boundary demarcation

- 3.1.3 Applications in land ownership and dispute resolution

3.2 Topographic and Engineering Surveys
- 3.2.1 Principles of topographic surveys
- 3.2.2 Methods of representing terrain features

- 3.2.3 Engineering surveys for construction projects

3.3 Hydrographic and Marine.Surveys

- 3.3.1 Introduction to hydrographic surveys

- 3.3.2 Instruments and techniques for water surveys

- 3.3.3 Applications in navigation, ports, and coastal management
3.4 Geodetic and.Control Surveys

- 3.4.1 Definition and-scope of geodetic surveys

- 3.4.2 Establishing control networks

- 3.4.3 Importance in large-scale mapping and national projects

3.5 Specialized Surveys (Mining, Archaeological, and Environmental)
- 3.5.1 Mining surveys and their applications
- 3.5.2 Archaeological surveys for heritage preservation

- 3.5.3 Environmental surveys for sustainable development

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



Introduction

In the last Series, we explored the fundamental methods and techniques of surveying,
learning how to apply instruments and procedures to collect accurate field data. Building
on that foundation, it is now important to understand the different types of surveys that are
carried out for specific purposes. Land and specialized surveys provide the framework for
managing property, supporting engineering projects, guiding navigation, and addressing
environmental concerns. This Series will therefore broaden your perspective by showing
how surveying adapts to diverse contexts and needs.

The aim of this Series is to introduce you to the major types of land and specialized surveys
and to equip you with the knowledge of theirprocedures, applications, and importance in
professional practice.

We shall commence this'Series by examining cadastral and boundary surveys, focusing on
their role in land ownership and dispute resolution. Next, we will move on to topographic
and engineering surveys, where you will learn how terrain features are represented and
how surveys support construction projects. Subsequently, we will explore hydrographic
and marine surveys, considering their techniques and applications in navigation and
coastal management. Following that, we will study geodetic and control surveys,
highlighting theirimportance in large-scale mapping and national projects. Finally, we will
wrap up with specialized surveys such as mining, archaeological, and environmental
surveys; showing how they contribute to resource management, heritage preservation, and
sustainable development.

Series Learning Outcomes

Upon completing this Series, you should be able to:

- SLO 3.1 define cadastral and boundary surveys and explain their role in land ownership
and dispute resolution,
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- SLO 3.2 describe the principles of topographic surveys and demonstrate how terrain
features are represented,

- SLO 3.3 apply engineering survey techniques to support construction projects,

- SLO 3.4 explain the procedures and instruments used in hydrographic and marine
surveys

- SLO 3.5 analyze the applications of hydrographic surveys in navigation and coastal
management,

- SLO 3.6 define geodetic surveys and evaluate theirimportance in establishing control
networks for large-scale mapping,

- SLO 3.7 describe specialized surveys such as mining, archaeological, and environmental
surveys, highlighting their relevance to resource management and sustainable
development.

3.1 Cadastral and Boundary Surveys

Cadastral and boundary surveys are among the most important types of land surveys
because they deal directly with property ownership and legal boundaries. They provide the
framework for land registration, dispute resolution, and development planning. In this Part,
we shall explore the definition and purpose of cadastral surveys, the procedures for
boundary demarcation, and their applications in land management and legal contexts.

3.1.1 Definition and purpose of cadastral surveys

A cadastral survey is a survey undertaken to establish, mark, and record the boundaries of
land parcels. It provides detailed information about property lines, dimensions, and
ownership, forming the basis for land registration systems.

The purpose of cadastral surveys is to ensure clarity in land ownership, prevent disputes,
and support taxation and development planning. They are legally recognized and often
required-before land transactions or construction projects can proceed.

Fill in the blank: A survey is undertaken to establish, mark, and record the
boundaries of land parcels.
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Figure 3.1 Example of a cadastral map showing property boundaries.

3.1.2 Procedures for boundary demarcation

Boundary demarcation is'the process of physically marking the limits of land parcels on
the ground. It involves several steps:

- Reconnaissance: Inspecting the land to identify existing boundary markers and features.

- Measurement: Using surveying instruments to measure distances and angles between
boundary points.

- Marking: Placing permanent markers such as concrete pillars, iron rods, or pegs at
boundary points.

- Documentation: Recording measurements and preparing maps or plans that show the
boundaries clearly.

Boundary demarcation is critical because it provides visible evidence of land ownership
and helps prevent encroachment.

-

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



Fillin the blank: The process of physically marking the limits of land parcels on the ground
is called

Step Phase Explanation
1. Preparation Examining the site to locate existing survey monuments, physical
Reconnaissance ¥ boundaries (fences, walls), and potential obstacles to line=of-sight.

Using high-precision tools like Total Stations or GNSS (Global
2. Measurement Fieldwork Navigation Satellite Systems) to determine coordinates and
distances based on the deed.

The physical placement of durable markers, such as iron pins,
3. Marking Execution concrete pillars, or blazed trees, at corner points and along
boundary lines.

4. Finalization Creating a formal survey plan or plat map that records the
Documentation measurements and the types of markers used for legal filing.

Table 3.1 Steps in boundary demarcation.

3.1.3 Applications in land ownership and dispute resolution

Cadastral and boundary surveys have wide-ranging applications:

- Land registration: Providing official records of property boundaries for legal ownership.

- Taxation: Supporting fairassessment of land taxes based on parcel size.

- Development planning: Guiding urban and rural development by defining property limits.

- Dispute resolution: Offering authoritative evidence in cases of boundary disputes or
encroachment:

These applications make cadastral surveys essential for orderly land management and
governance.

Fill in the blank: Cadastral surveys provide authoritative evidence in cases of
disputes or encroachment.

Applications of Cadastral and Boundary Surveys
1. Land Registration & Titling

Providing the definitive geometric description of land parcels required for issuing legal titles,
deeds, and certificates of occupancy.
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2. Equitable Taxation

Enabling local governments to assess property taxes fairly by calculating exact land areas and
identifying improvements within property lines.

3. Urban & Rural Planning

Assisting planners in designing subdivisions, zoning districts, and public infrastructure (roads,
utilities) without infringing on private property.

4. Dispute Resolution

Acting as the primary evidence in court cases or mediation to resolve "encroachment" issues,
where a structure or fence has crossed a boundary.

5. Environmental Management

Defining the limits of protected conservation areas, wetlands, or coastal zones to prevent illegal
development.

Key Differentiator

While a boundary survey focuses on the physical limits of a single property for an owner, a
cadastral survey is typically part of a larger, state-managed system (a cadastre) that tracks the
ownership, value, and usage of all land in a jurisdiction.

Box 3.1 Applications of cadastral and boundary surveys.

Pilot Questions 3.1

1. Define a cadastral survey.

2. State two purposes of cadastral surveys.

3. What is boundary demarcation?

4. List three steps.in the procedure for boundary demarcation.

5. Mention one application of cadastral surveys in dispute resolution.

3.2 Topographic and Engineering Surveys

Topographic and engineering surveys are essential for representing the physical features of
the land and for supporting construction projects. They provide detailed information about
terrain, elevations, and man-made structures, which is critical for planning, design, and
development. In this Part, we shall explore the principles of topographic surveys, methods
of representing terrain features, and the role of engineering surveys in construction.

3.2.1 Principles of topographic surveys
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A topographic survey is a survey that records the natural and artificial features of a land
area, including elevations, contours, rivers, roads, and buildings. The main principle is to
capture both horizontal and vertical positions of points to create a detailed representation
of the terrain.

Topographic surveys are widely used in mapping, land development, and environmental
studies. They provide the foundation for designing infrastructure such as roads, bridges,
and drainage systems.

Fillin the blank: A survey records the natural and artificial features of a land area,
including elevations and contours.
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Figure 3.2 Example of a topographic map with contours and features.

3.2.2 Methods of representing terrain features
Terrain features in topographic surveys are represented using different methods:

<+ Contours: Lines connecting points of equal elevation, showing the shape and slope of the
land.

- Spot heights: Specific points marked with their exact elevation.

- Cross-sections: Profiles showing vertical slices through the terrain.

-
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- Symbols and conventions: Standardized symbols used to represent features such as
rivers, roads, and vegetation.

These methods ensure that maps are clear, accurate, and easy to interpret.

Fillin the blank: Lines connecting points of equal elevation on a map are called

Method Technique Explanation
) Lines connecting points of equal elevation. Close spacing
Continuous L . . ...
Contours Lines indicates steep slopes, while wide spacing indicates gentle

terrain.

Points marked with their exact elevation (e.g., +124.5m). Used

Spot Heights Specific Points i ; :
p g p for peaks, depressions, or specific’survey control stations.

Cross- . A side-on "slice" of the terrain along a specific line. Essential for
. Profile Views . " : i .

Sections calculating"cut and fill" volumes in road or rail construction.

Symbols & Standardized icons representing natural and man-made features

Graphical Icons

Hachures like cliffs, marshes, buildings, or rocky outcrops.

Using light and shadow (hillshading) to give a 3D appearance to

Shaded Relief Digital/Artistic the terrain, often used in recreational maps.

Table 3.2 Methods of representing terrain features.

3.2.3 Engineering surveys for construction projects

An engineering survey is a survey carried out to provide data for the design, construction,
and maintenance of engineering works. It involves precise measurements of distances,
angles, and elevations to support projects such as roads, railways, dams, and buildings.

Engineering surveys are critical because they ensure that structures are built safely,
economically, and in accordance with design specifications. They also help in monitoring
construction progress and detect deviations from planned layouts.

Fillin the blank: A survey provides data for the design, construction, and
maintenance of engineering works.
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Plate 3.2 Engineers conducting an engineering survey at a.construction site.

Pilot questions 3.2

1. Define a topographic survey.

2. State two applications of topographic surveys.

3. What are contour lines used for in topographic mapping?
4. List three methods of representing terrain features.

5. Define an engineering survey and state one of its applications.

3.3 Hydrographic and Marine Surveys

Hydrographic and marine surveys are specialized surveys carried out to measure and
describe features of water bodies. They are essential for navigation, port development,
coastal management, and environmental studies. In this Part, we shall examine the
introduction to hydrographic surveys, the instruments and techniques used, and their
applications in navigation and coastal management.

3.3.1 Introduction to hydrographic surveys

A hydrographic survey is a survey conducted to measure and describe the physical

features of oceans, seas, rivers, and lakes. It involves determining water depth, the shape

of the seabed, and the location of hazards such as rocks or wrecks.

ol
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Hydrographic surveys are vital for producing nautical charts, ensuring safe navigation, and
supporting marine resource management. They also play a role in environmental
monitoring and coastal engineering projects.

Fillin the blank: A survey is conducted to measure and describe the physical

SOUND’ER

[ SEABED PROFILE ]

features of oceans, seas, rivers, and lakes.

Figure 3.3 Basic principle of hydrographic surveying.

3.3.2 Instruments and techniques for water surveys
Hydrographic and marine surveys rely on specialized instruments and techniques:

- Echo sounder: An electronic device that measures water depth by sending sound waves
to the seabed and recording the return time.

- Global Positioning System (GPS): Used to determine the precise location of survey points
on water.

- Side-scan sonar: Produces images of the seabed by scanning with sound waves.
-Tide gauges: Measure changes in water level due to tides.
- Remote sensing: Uses aerial or satellite imagery to complement field measurements.

These instruments and techniques ensure accurate mapping of underwater features and
safe navigation routes.

Fillin the blank: An sounder measures water depth by sending sound waves to the
seabed and recording the return time.

-
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Category

Depth
Measurement

Positioning

Seafloor
Imaging

Motion &
Environment

Instrument

Single-Beam
Echo Sounder
(SBES)

Multi-Beam
Echo Sounder
(MBES)

Lead Line

Bathymetric
LiDAR

GNSS / DGPS

Total Station /
Theodolite

Side-Scan Sonar

(SSS)

Sub-Bottom
Profiler

Inertial
Navigation
System (INS)

Sound Velocity
Profiler (SVP)

Tide Gauge

Technique /
Purpose

Acoustic
Sounding

Swath
Bathymetry

Manual
Sounding

Laser Scanning

Satellite
Positioning

Land-based
Control

Object
Detection

Sediment
Analysis

Motion
Compensation

Calibration

Vertical Datum
Control

Explanation

Emits a single sound pulse directly beneath
the vessel. It provides a profile of the depth
along the ship's track.

Emits a "fan" of acoustic beams to map.a
wide "swath" of the seafloor in a single pass,
providing 100% bottom coverage.

A traditional method using a weighted rope
with markings. Used today primarily for
manual verification in shallow or obstructed
areas.

An aircraft-mounted laser system that uses
green light to penetrate the water and measure
depth in clear, shallow coastal areas.

Provides the exact horizontal coordinates
(Latitude/Longitude) of the survey vessel in
real-time.

Used to establish precise shore control points
or to track survey boats in very close-to-shore
operations.

Towed behind a ship, it provides photo-like
acoustic imagery of the seafloor to identify
shipwrecks, pipes, or rocks.

Uses low-frequency sound to penetrate the
seafloor and "see" the layers of sediment or
rock beneath the bottom.

Corrects depth data by measuring the ship's
heave (up/down), pitch (tilting forward/back),
and roll (rocking side-to-side).

Measures the speed of sound through the
water column, which varies with temperature
and salinity, to ensure sonar accuracy.

Records water level changes due to tides so
that all depth measurements can be adjusted
to a consistent "chart datum."
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Table 3.3 Instruments and techniques used in hydrographic surveys.

3.3.3 Applications in navigation, ports, and coastal management
Hydrographic and marine surveys have wide-ranging applications:
- Navigation: Producing nautical charts that guide ships safely through waterways.

- Port development: Providing data for dredging, construction of docks, and expansion of
harbours.

- Coastal management: Supporting erosion control, flood prevention, and environmental
conservation.

- Marine resource management: ldentifying fishing grounds and monitoring ecosystems.

These applications highlight the importance of hydrographic.surveys in both economic
development and environmental sustainability.

Fillin the blank: Hydrographic surveys are essential for producing charts that
guide ships safely through waterways.

Sector Key Applications
* Creation of Nautical Charts (Electronic and Paper)
Navigation & Safety * Identification of underwater hazards (wrecks, rocks, shoals)
* Determining safe "under-keel clearance" for large vessels
* Dredging operations to maintain or deepen shipping channels
Port Development * Infrastructure design (piers, wharves, and breakwaters)
* Monitoring siltation and sediment movement
* Shoreline erosion monitoring and beach nourishment
Coastal Management * Flood and inundation modeling for storm surges
* Environmental impact assessments for coastal construction
* Mapping habitats for fisheries and aquaculture
Marine Resource Management * Locating offshore oil, gas, and mineral deposits

« Siting for offshore wind farms and renewable energy cables

Box 3.3 Applications of hydrographic and marine surveys.
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Pilot questions 3.3

1. Define a hydrographic survey.

2. State two purposes of hydrographic surveys.

3. Name one instrument used to measure water depth.
4. List three techniques used in hydrographic surveys.

5. Mention one application of hydrographic surveys in coastal management.

3.4 Geodetic and Control Surveys

Geodetic and control surveys are advanced forms of surveying that extend beyond small
local projects to cover large areas of land, often at national or internationalscales. They
provide the framework for accurate mapping, infrastructure development, and scientific
studies. In this Part, we shall explore the definition and scopeof geodetic surveys, the
procedures for establishing control networks, and their importance in large-scale mapping
and national projects.

3.4.1 Definition and scope of geodetic surveys

A geodetic survey is a survey that takes into account the curvature of the earth when
measuring large areas. Unlike plane surveys, which assume the earth’s surface is flat,
geodetic surveys use advanced instruments and mathematical models to achieve high
accuracy over long distances.

The scope of geodetic surveys includes establishing reference frameworks for mapping,
supporting satellite positioning systems, and providing data for scientific research such as
tectonic studies.

Fillin the blank: A survey takes into account the curvature of the earth when
measuring large areas.
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Figure 3.4 Difference between plane and geodetic surveying.

3.4.2 Establishing control networks

A control survey is a survey conducted to establish a network of reference points, known
as control points, which serve as the basis for detailed surveys. These points are carefully
measured and marked to ensure consistency across large projects.

The procedure for establishing control networks involves:

- Selecting suitable locations for control points.

- Using precise instruments such as theodolites, total stations, or GPS receivers.
- Measuring angles, distances, and elevations with high accuracy.

- Recording and adjusting data to minimise errors.

Control networks are classified into primary, secondary, and tertiary networks depending
ontheir accuracy and coverage.

Fillin the blank: A survey establishes a network of reference points that serve as
the basis for detailed surveys.

-

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



Control Level Accuracy & Precision Spacing / Density Purpose & Application

Forms the national or regional
framework; used for geodetic

Highest: Extremely low

error tolerance (< 1 part Large distances (often

10-50 km apart).

Primary (First-
Order)

in 100,000). studies and crustal movement.
Secondary High: Moderate error  Intermediate spacing Connects primary stations;
(Second- tolerance (< 1 partin  (typically 2-10 km  provides control for large-scale
Order) 50,000). apart). engineering and city mapping.
. Standard: Sufficient for Dense spacing The immediate framework for
Tertiary

local projects (< 1 part (usually <1 km local construction, site surveys,

(Third-Order) . 10,000). apart). and topographic detailing,

Table 3.4 Types of control networks.

3.4.3 Importance in large-scale mapping and national projects

Geodetic and control surveys are crucial for large<scale mapping and national
development projects. Their importanceiincludes:

- National mapping: Providing accurate frameworks for producing maps of entire
countries.

- Infrastructure development: Supporting the design and construction of roads, railways,
pipelines, and power lines.

- Scientific research: Supplying data for studies in geology, geophysics, and climate
change.

- Global positioning systems: Forming the foundation for GPS and other satellite-based
navigation technologies.

These surveys ensure that projects are coordinated, accurate, and sustainable across
wide areas.

Fillin'the blank: Geodetic surveys form the foundation for systems used in
satellite-based navigation.

Sector Critical Role & Application

Provides the standardized coordinate system (Datum) so that different maps
National Mapping (topographic, cadastral, geological) overlay perfectly without gaps or
overlaps.
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Ensures precision in large-scale engineering like long-span bridges, tunnels,
and high-speed railways where even a few centimeters of error can be
catastrophic.

Infrastructure
Development

Enables the monitoring of crustal deformation, sea-level rise, and tectonic
Scientific Research plate movement by measuring minute changes in earth-fixed points over
decades.

Forms the Ground Control Segment that validates and corrects satellite
GPS & Positioning signals, ensuring "blue dot" accuracy on mobile devices and-autonomous
vehicles.

Box 3.4 Importance of geodetic and control surveys.

Pilot questions 3.4

1. Define a geodetic survey.

2. State one difference between plane surveying and geodetic surveying.
3. What is a control survey?

4. List three steps in establishing a control network.

5. Mention one importance of geodetic surveys in national projects.

3.5 Specialized Surveys (Mining, Archaeological, and
Environmental)

Specialised surveys are conducted to meet specific needs beyond general land
measurement. They provide tailored data for industries, heritage preservation, and
environmental management. Inthis Part, we shall explore mining surveys, archaeological
surveys, and environmental. surveys, highlighting their procedures and applications.

3.5.1 Mining surveys and their applications

A mining survey.is a survey carried out to determine the position and extent of mineral
deposits and to guide mining operations. It involves measuring underground workings,
shafts, and tunnels, as well as surface features related to mining.

Mining surveys are essential for ensuring safety, planning extraction, and monitoring
progress. They also help in calculating reserves and preventing accidents by providing
accurate layouts of underground passages.

Fillin the blank: A survey is conducted to determine the position and extent of
mineral deposits.
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Figure 3.5 Mining survey showing underground workings.

3.5.2 Archaeological surveys for heritage preservation

An archaeological survey is a survey conducted to locate, record, and study sites of
historical or cultural significance. It involves mapping ancient ruins, burial sites, and
artefacts to preserve heritage and support research.

Archaeological surveys are important because they provide evidence of past civilizations,
guide excavation projects, and protect cultural resources from destruction. They often use
techniques such as aerial photography, ground-penetrating radar, and detailed mapping.

Fillin the blank:An survey is conducted to locate, record, and study sites of
historical or cultural significance.

FW
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Plate 3.5 Archaeologists conductinga urve t a heritage site.

3.5.3 Environmental surveys for sustainable development

An environmental survey is a survey carried out to assess the condition of natural
resources such as soil, water, vegetation, and wildlife. It provides data for environmental
impact assessments and supports sustainable development.

Environmental surveys are crucial for monitoring pollution, planning conservation projects,
and ensuring that development activities do not harm ecosystems. They often involve
sampling, mapping, and remote sensing techniques.

Fillin the blank: A survey is carried out to assess the condition of natural resources
such as soil and water.

Field Key Applications

* Identifying point sources of industrial discharge.
: * Measuring air quality index (AQI) and particulate matter.
Pollution Monitoring
* Tracking chemical runoff in local watersheds.
* Monitoring soil contamination in post-industrial sites.
Conservation Planning * Mapping critical habitats for endangered species.
)
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* Assessing biodiversity levels and species richness.
* Identifying corridors for wildlife migration.

* Monitoring the health of coral reefs and old-growth forests.

* Conducting Environmental Impact Assessments (EIAs) for new
infrastructure.
Sustainable * Planning "green" urban spaces to reduce heat islands.
Development ' ‘ ' ‘
* Managing renewable energy site selections (solar and wind farms).

* Ensuring long-term soil health for sustainable agriculture.
Box 3.5 Applications of environmental surveys.

Pilot questions 3.5

1. Define a mining survey.

2. State one application of mining surveys.

3. Whatis an archaeological survey?

4. Listtwo techniques used in archaeological surveys.

5. Define an environmental survey and mention one of its applications.

Series Summary

This Series has introduced you to the different types of land and specialized surveys,
showing how surveying adapts to meet diverse needs in property management,
construction; navigation, national mapping, and environmental sustainability. Its purpose
has been to broaden your understanding beyond basic methods, highlighting how surveys
provide legal, technical, and scientific frameworks for development and resource
management.

We began with cadastral and boundary surveys, focusing on their role in land ownership
and dispute resolution. Then we examined topographic and engineering surveys, learning
how terrain features are represented and how surveys support construction projects.
Following that, we explored hydrographic and marine surveys, considering their
instruments and applications in navigation and coastal management. We continued with
geodetic and control surveys, emphasizing their importance in large-scale mapping and
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national projects. Finally, we concluded with specialized surveys such as mining,
archaeological, and environmental surveys, which contribute to resource management,
heritage preservation, and sustainable development. In line with the Series Learning
Outcomes, you should now be able to define and explain cadastral, topographic,
hydrographic, geodetic, and specialized surveys, demonstrate their procedures, and
evaluate their applications confidently in professional practice.

Glossary of Terms

Archaeological survey: A survey conducted to locate, record, and study sites of historical
or culturalimportance, often used to preserve heritage and guide excavation projects.

Boundary demarcation: The process of physically marking the limits of land parcels on the
ground using permanent markers such as pegs or pillars.

Cadastral survey: A survey undertaken to establish,;mark, and record the boundaries of
land parcels, forming the basis for land registration and ownership records.

Control survey: A survey conducted to establish a network of reference points, known as
control points, which serve as the basis for detailed surveys.

Contour: A line drawn on a map connecting points of equal elevation, used to represent the
shape and slope of the land.

Echo sounder: An electronic instrument that measures water depth by sending sound
waves to the seabed.and recording the time taken for them to return.

Engineering survey: A survey carried out to provide data for the design, construction, and
maintenance of engineering works such as roads, railways, and buildings.

Environmental survey: A survey conducted to assess the condition of natural resources
suchas soil, water, vegetation, and wildlife, often used in environmental impact
assessments.

Geodetic survey: A survey that takes into account the curvature of the earth when
measuring large areas, ensuring accuracy over long distances.

Hydrographic survey: A survey conducted to measure and describe physical features of
bodies of water, including depth, seabed shape, and hazards.
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Mining survey: A survey carried out to determine the position and extent of mineral
deposits and to guide mining operations safely and efficiently.

Nautical chart: A specialised map produced from hydrographic surveys, used by ships to
navigate safely through waterways.

Spot height: A specific point on a map marked with its exact elevation above a reference
level.

Topographic survey: A survey that records both natural and artificial features of aland
area, including elevations, contours, rivers, roads, and buildings.

Concept Check Questions [Series 3]

Objective questions

1. Which type of survey establishes, marks, and records the boundaries of land parcels?
(Linked to SLO 3.1)

2. Contour lines on a topographic map connect points of equal:
a) Distance
b) Elevation
c) Angle
d) Depth (Linked to SLO 3.2)

3. Which instrument is commonly used to measure water depth in hydrographic surveys?
(Linked to SLO 3.4)

4. A survey that takes into account the curvature of the earth is called:
a) Plane survey
b) Control survey
c) Geodetic survey
d) Topographic survey (Linked to SLO 3.6)

5. Which specialised survey is conducted to assess the condition of natural resources
such as soil and water? (Linked to SLO 3.7)
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Short-answer questions
6. Define a cadastral survey. (Linked to SLO 3.1)

7. State two methods of representing terrain features in topographic surveys. (Linked to
SLO 3.2)

8. Explain the purpose of nautical charts in navigation. (Linked to SLO 3.5)
9. What s a control survey, and why is it important? (Linked to SLO 3.6)

10. Mention one application of archaeological surveys in heritage preservation. (Linked to
SLO 3.7)

Long-answer questions

11. Describe the procedures involved in boundary demarcation and explain their
importance. (Linked to SLO 3.1)

- Basic response: Learners should list reconnaissance, measurement, marking, and
documentation.

- Value-added response: Outstanding learners may also discuss how legal frameworks
and community involvement strengthen the process.

12. Analyze the role of topographic surveys.in construction projects. (Linked to SLO 3.2 &
3.3)

- Basic response: Learners should explain how terrain features are represented and used
for design.

- Value-added response: Outstanding learners may also evaluate how modern
technologies suchas dronesand GIS enhance accuracy and efficiency.

13. Evaluate the instruments and techniques used in hydrographic surveys. (Linked to SLO
3.4 &3.5)

- Basicresponse: Learners should identify echo sounders, GPS, side-scan sonar, tide
gauges, and remote sensing.

- Value-added response: Outstanding learners may also explain how integrated systems
and satellite data improve marine resource management.

14. Explain the importance of geodetic and control surveys in national projects. (Linked to
SLO 3.6)
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- Basic response: Learners should describe their role in national mapping, infrastructure
development, and GPS frameworks.

- Value-added response: Outstanding learners may also discuss their contribution to
global scientific research such as tectonic monitoring and climate studies.

15. Discuss the applications of specialized surveys in mining, archaeology, and
environmental management. (Linked to SLO 3.7)

- Basic response: Learners should explain how each survey supports resource extraction,
heritage preservation, and sustainable development.

- Value-added response: Outstanding learners may also evaluate the challenges of
balancing economic growth with cultural and environmental protection.

Answers to Concept Check Questions [Series 3]

Objective questions
1. Cadastral survey
2. b) Elevation

3. Echo sounder

4. c) Geodetic survey

5. Environmental survey

Short-answer questions

6. A cadastral surveyisa survey undertaken to establish, mark, and record the boundaries
of land parcels.

7. Contours and.spot heights (other acceptable answers: cross-sections, symbols).

8. Nautical charts provide detailed information about water depths, hazards, and
navigation routes to guide ships safely.

9. A control survey establishes a network of reference points for detailed surveys, ensuring
consistency and accuracy across projects.

10. Archaeological surveys help locate and record heritage sites, supporting preservation
andresearch.

Long-answer questions

11.
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- Basic response: Boundary demarcation involves reconnaissance, measurement,
marking, and documentation to define land parcels.

- Value-added response: Legal frameworks and community involvement strengthen the
process, ensuring disputes are minimised and ownership is respected.

12.

- Basic response: Topographic surveys represent terrain features, which are used to design
roads, buildings, and drainage systems.

- Value-added response: Modern technologies such as drones and GIS enhance accuracy,
efficiency, and visualisation in construction planning.

13.

- Basic response: Instruments include echo sounders, GPS, side-scan sonar, tide gauges,
and remote sensing.

- Value-added response: Integrated systems and satellite data improve marine resource
management and environmental monitoring.

14.

- Basic response: Geodetic and control'surveys provide frameworks for national mapping,
infrastructure development, and GPS systems.

- Value-added response: They also contribute to global scientific research, including
tectonic monitoring and climate change studies.

15.

- Basic response: Mining surveys support resource extraction, archaeological surveys
preserve heritage, and environmental surveys promote sustainability.

- Value-added response: Balancing economic growth with cultural and environmental
protection is a key challenge in specialised surveys.

Answers to Pilot Questions [Series 3]

Answers to Pilot Questions 3.1

- A cadastral survey is a survey undertaken to establish, mark, and record the boundaries
of land parcels.
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- Purposes include ensuring clarity in land ownership and supporting taxation and
development planning.

- Boundary demarcation is the process of physically marking the limits of land parcels on
the ground.

- Steps include reconnaissance, measurement, marking with permanent boundary
markers, and documentation.

- Cadastral surveys provide authoritative evidence in cases of boundary disputes. or
encroachment.

Answers to Pilot Questions 3.2

- Atopographic survey records the natural and artificial features of a land area, including
elevations and contours.

- Applications include mapping, land development, and environmental studies.

- Contour lines are used to represent the shape and slope of the land by connecting points
of equal elevation.

- Methods include contours, spot heights, cross-sections, and symbols.

- An engineering survey is carried out to provide data forthe design, construction, and
maintenance of engineering works.

Answers to Pilot Questions 3.3

- A hydrographic survey is conducted to measure and describe the physical features of
oceans, seas, rivers,.and lakes.

- Purposes include producing nautical charts, ensuring safe navigation, and supporting
marine resource management.

- An echo sounderis used to measure water depth.
- Techniques include GPS positioning, side-scan sonar, tide gauges, and remote sensing.

- Hydrographic surveys support coastal management by providing data for erosion control,
flood prevention, and environmental conservation.

Answers to Pilot Questions 3.4

- A geodetic survey is a survey that takes into account the curvature of the earth when
measuring large areas.

- Plane surveying assumes the earth’s surface is flat, while geodetic surveying accounts for
curvature.
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- A control survey establishes a network of reference points for detailed surveys.

- Steps include selecting locations, using precise instruments, measuring angles and
distances, and adjusting data.

- Geodetic surveys are important for national mapping, infrastructure development, and
GPS frameworks.

Answers to Pilot Questions 3.5
- Amining survey is conducted to determine the position and extent of mineral deposits.

- Applications include guiding extraction, ensuring safety, and monitoring underground
workings.

- An archaeological survey is conducted to locate, record, and study sitesof historical or
cultural significance.

- Techniques include aerial photography, ground-penetrating radar, and detailed
mapping.

- An environmental survey assesses the condition of natural resources such as soil, water,
vegetation, and wildlife, supporting sustainable development.

References and Attributions [Series 3]

The instructional content for Series 3: Land and Specialized Surveys has been prepared
using standard surveying texts, open educational resources (OERs), and suggested
illustration prompts. References are presented in APA style for clarity and consistency.

Textual References

- Bannister, A., Raymond, S:; & Baker, R. (1998). Surveying (7th ed.). Pearson Education
Limited.

- Schofield, W., & Breach, M. (2007). Engineering Surveying (6th ed.). Butterworth-
Heinemann.

- Uren, J., & Price, W. F. (2010). Surveying for Engineers (5th ed.). Palgrave Macmillan.

- Wolf, P. R., & Ghilani, C. D. (2012). Elementary Surveying: An Introduction to Geomatics
(13th ed.). Pearson Prentice Hall.

- Open Textbook Library. (n.d.). Surveying and Geomatics resources. Retrieved from
https://open.umn.edu/opentextbooks (open.umn.edu in Bing)

- MIT OpenCourseWare. (n.d.). Civil and Environmental Engineering resources. Retrieved
from https://ocw.mit.edu
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Illustration Attributions

- Figure 3.1 Example of a cadastral map showing property boundaries

Suggested Al prompt: “Generate a labelled diagram of a cadastral map with property
boundaries marked.”

Search string: “cadastral survey map diagram OER”

- Table 3.1 Steps in boundary demarcation

Suggested Al prompt: “Create a table listing the steps in boundary demarcation with
explanations.”

Search string: “boundary demarcation steps table OER”

- Box 3.1 Applications of cadastral and boundary surveys

Suggested Al prompt: “Create a text box listing applications of cadastral and boundary
surveys.”

Search string: “applications of cadastral surveys OER”

- Figure 3.2 Example of a topographic map with contours and features

Suggested Al prompt: “Generate a labelled diagram of a topographic map showing
contour lines, rivers, roads, and buildings.”

Search string: “topoegraphic. map with contours diagram OER”

- Table 3.2 Methods of representing terrain features

Suggested Al prompt: “Create a table listing methods of representing terrain features with
explanations.”

Search string: “methods of representing terrain features table OER”
- Plate 3.2 Engineers conducting an engineering survey at a construction site
Suggested Al prompt: “Generate an image of engineers conducting a survey with
instruments at a construction site.”

Search string: “engineering survey construction site OER image”

- Figure 3.3 Basic principle of hydrographic surveying
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Suggested Al prompt: “Generate a labelled diagram showing a hydrographic survey with a
boat, echo sounder, and seabed profile.”

Search string: “hydrographic survey diagram OER”

- Table 3.3 Instruments and techniques used in hydrographic surveys

Suggested Al prompt: “Create a table listing instruments and techniques used in
hydrographic surveys with explanations.”

Search string: “instruments used in hydrographic surveys table OER”

- Box 3.3 Applications of hydrographic and marine surveys

Suggested Al prompt: “Create a text box listing applications of hydrographic and marine
surveys.”

Search string: “applications of hydrographic surveys OER”

- Figure 3.4 Difference between plane and geodetic surveying

Suggested Al prompt: “Generate a labelled diagram showing the difference between
plane surveying on a flat surface and geodetic surveying on a curved surface.”

Search string: “difference between plane and geodetic surveying diagram OER”

- Table 3.4 Types of controlnetworks

Suggested Al prompt: “Create a table listing primary, secondary, and tertiary control
networks with their characteristics.”

Search string: “types of control networks in surveying table OER”

- Box 3.4 Importance of geodetic and control surveys

Suggested Al prompt: “Create a text box listing the importance of geodetic and control
surveys in mapping and national projects.”

Search string: “importance of geodetic and control surveys OER”

- Figure 3.5 Mining survey showing underground workings

Suggested Al prompt: “Generate a labelled diagram showing a mining survey with
underground tunnels and survey instruments.”

Search string: “mining survey diagram OER”
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- Plate 3.5 Archaeologists conducting a survey at a heritage site

Suggested Al prompt: “Generate an image of archaeologists conducting a survey at an
excavation site.”

Search string: “archaeological survey excavation site OER image”

- Box 3.5 Applications of environmental surveys

Suggested Al prompt: “Create a text box listing applications of environmental surveys in
pollution monitoring and conservation.”

Search string: “applications of environmental surveys OER”

Course code: GEY 209
Course title: Introduction to Surveying

Units: 3 Units

List of series

1. Surveying Instruments and Their Applications

2. Fundamental Methods and Techniques of Surveying
3. Types of Land and Specialized Surveys

4. Advanced Surveying Practices and Technologies

5. Geological and Mining Evaluation in Surveying

4.1Theodolite and Total Station Surveys

-4.1.1 Principles and components of theodolites

-4.1.2 Introduction to total stations

-4.1.3 Procedures for angle and distance measurement

-4.1.4 Applications in engineering and construction

4.2 Global Navigation Satellite Systems (GNSS) and GPS Surveys
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-4.2.1 Principles of GNSS and GPS
-4.2.2 Instruments and field procedures
-4.2.3 Applications in mapping and positioning

-4.2.4 Limitations and error sources

4.3 Photogrammetry and Remote Sensing in Surveying
- 4.3.1 Principles of photogrammetry

- 4.3.2 Aerial and satellite imagery for surveys

- 4.3.3 Remote sensing techniques and applications

- 4.3.4 Integration with GIS

4.4 Digital Surveying and Geographic Information Systems (GIS)
- 4.4.1 Introduction to digital surveying

-4.4.2 GIS concepts and components

- 4.4.3 Data collection, storage, and analysis

-4.4.4 Applications in planning andresource management

4.5 Emerging Technologies in.Surveying

-4.5.1 Use of drones (UAVSs) in surveying

-4.5.2 Laser scanning and LiDAR technology

- 4.5.3 Automation and artificial intelligence in surveying

-4.5.4 Future trends and innovations

Introduction
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In the last Series, we explored land and specialized surveys, learning how different types of
surveys support property management, construction, navigation, and environmental
sustainability. As surveying continues to evolve, modern technologies and advanced
practices have transformed the way data is collected, processed, and applied. This Series
will introduce you to these innovations, showing how they enhance accuracy, efficiency,
and the scope of surveying in today’s world.

The aim of this Series is to equip you with knowledge of advanced surveying techniques and
technologies, enabling you to apply modern instruments, digital tools, and emerging
innovations to professional practice.

We shall commence this Series by examining theodolite and total station surveys, focusing
ontheir principles, procedures, and applications in engineering projects. Next, we will move
on to Global Navigation Satellite Systems (GNSS) and GPS surveys, considering their
instruments, field procedures, and limitations. Subsequently, we’ will explore
photogrammetry and remote sensing, highlighting how-aerial and satellite imagery are
integrated into surveying. Following that, we will study digital surveying and Geographic
Information Systems (GIS), emphasizing their role in data collection, storage, and analysis.
Finally, we will wrap up with emerging technologies such as.drones, laser scanning, and
artificial intelligence, showing how they are shaping the future of surveying practice.

Series Learning Outcomes

Upon completing this Series, you should be able to:
- SLO 4.1 define the principles and components of theodolites and total stations,
-SLO 4.2 demonstrate procedures for measuring angles and distances using total stations,

- SLO 4.3 explain<the principles of Global Navigation Satellite Systems (GNSS) and GPS
surveys,

- SLO 4.4 apply GNSS and GPS techniques to mapping and positioning tasks,

- SLO 4.5 describe the principles of photogrammetry and remote sensing in surveying,

- SLO 4.6 analyse the applications of aerial and satellite imagery in survey practice,

- SLO 4.7 explain the concepts and components of Geographic Information Systems (GIS),
-'SLO 4.8 apply digital surveying and GIS tools to collect, store, and analyse spatial data,

- SLO 4.9 evaluate the use of emerging technologies such as drones, laser scanning, and
LiDAR in surveying, and

- SLO 4.10 assess future trends and innovations in surveying practice and their potential
impact on the profession.
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4.1 Theodolite and Total Station Surveys

Surveying has advanced significantly with the introduction of precision instruments such as
the theodolite and total station. These tools allow surveyors to measure angles, distances,
and elevations with high accuracy, supporting engineering, construction, and mapping
projects. In this Part, we shall explore the principles and components of theodolites;
introduce total stations, examine procedures for angle and distance measurement, and
consider their applications in practice.

4.1.1 Principles and components of theodolites

A theodolite is a precision instrument used to measure horizontal and vertical angles. It
consists of a telescope mounted on a base, which can rotate horizontally.and vertically. The
key components include the telescope, horizontal circle, vertical circle, and levelling
screws.

Theodolites are widely used in triangulation, traversing, and construction layout. Their
accuracy makes them suitable for control surveys and engineering projects.

Fill in the blank: A is a precision instrument used to measure horizontal and
vertical angles.
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THEODOLITE COMPONENTS

FOCUSING KNOB

TELESCOPE
TELESCOPE

VERTICAL CIRCLE VERTICAL CLAMP SCREW
(GRADUATED) (GRADUATED)
VERTICAL CLAMP VERTICAL TANGENT
TAGENT SCREW
STANDARD/A-FRAME
TRIBRACH
THOL CLAMP SCRE
DL HORIZONTAL CRCLE
HORIZEABE BIROOBE (CLAMP SCREW
LEVELING SCREWS
(FOOT SCREWS)
CIRCUAR BUBBLE LEVEL
TRICOD BOBBL/LASER
OPTICAL PLUMMET/
(FOOT SCRES)
\—TRIPOD HEAD PLATE @

Figure 4.1 Components of a theodolite.

4.1.2 Introduction to total stations

A total station is an electronic surveying instrument that combines the functions of a
theodolite and an electronic distance measurement (EDM) device. It can measure angles
and distances simultaneously and record data digitally.

Total stations are'equipped with microprocessors, memory storage, and software that allow
surveyors: to process.data directly in the field. This reduces errors and speeds up survey
work.

Fill in the blank: A station combines the functions of a theodolite and an EDM
device.

-
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Plate 4.1 Surveyor using a-total station.in the field.

4.1.3 Procedures for angle and distance measurement

When using a theodolite or total station, surveyors follow systematic procedures to ensure
accuracy:

- Setting up the instrument: Positioning the instrument on a tripod and levelling it.
- Sighting the target: Aligning the telescope with the survey point.

=Measuring angles: Recording horizontal and vertical angles using the instrument’s scales
or digital readouts.

+Measuring distances: Using EDM in total stations to calculate distances based on reflected
signals.

- Recording data: Noting measurements manually or storing them electronically in total
stations.

3
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Fill in the blank: In total stations, distances are measured using signals reflected
back from the target.

Step Procedure Description

The instrument is placed on a tripod over a known point

1. Site Selection Centering and (station). The optical plummet is used for centering, and

& Setup Leveling leveling screws ensure the horizontal circle is perfectly
level.

) Tarcet A prism or target is placed at the remote point. It must be

Piacemen ¢ 8% prism/Reflector Setup held perfectly vertical using a circular bubble level on the

prism pole.

The surveyor uses the telescope’s crosshairs to bisect the
3. Sighting Visual Alignment target. This involves-adjusting the focusing knob and
using tangent screws for fine movement.

The instrument calculates the horizontal angle between

4. Angle Horizontal & Vertical two points and the vertical angle (zenith angle) relative to

Measurement the horizon.
5 Distance EDM (Electronic A laser orinfrared signal is sent to the prism. The distance
Measuremen ¢ Distance is calculated based on the time of flight or phase shift: d
Measurement) = \frac{v \cdot t} {2}.
6. DataDigital  or ManualData is stored in the 11'1ternal memory of thq total §tat10n
. or recorded manually in a field book, including point IDs
Recording Entry

and atmospheric corrections.
Table 4.1 Procedures for angle and distance measurement.

4.1.4 Applications.in engineering and construction

Theodolites and total stations are widely applied in engineering and construction projects.
Their usesinclude:

- Setting out building foundations and structural alignments.

- Measuring and monitoring deformation in structures.

- Conducting control surveys for road and railway construction.
- Mapping terrain for design and planning purposes.

These applications demonstrate how precision instruments support safe, efficient, and
accurate project execution.
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Fill in the blank: Theodolites and total stations are commonly used to set out
foundations and structural alighments.

Field Primary Applications
* Setting out foundation footings and pile positions.
Building Foundations  * Ensuring verticality (plumb) of high-rise columns and elevator shafts.
* Transferring control points from the ground to upperfloors.
* Tracking structural movement or "settling" over time.
Deformation Monitoring * Monitoring the stability of dams, bridges, and tunnels.
* Detecting shifts in surrounding soil during deep excavations.

* Establishing the centerline and curb offsets for highways.

Road . & Rail Calculating cut-and-fill volumes for earthworks.
Construction

» Setting precise gradients for drainage and rail tracks.

* Collecting 3D coordinates (X, y, z) for site contour maps.
Mapping & Topography * Boundary surveying for land ownership and legal plotting.

* Conducting-"As-built" surveys to verify completed work matches
designs.

Box 4.1 Applications of theodolites and total stations.

Pilot questions 4.1

1. Define a theodolite.

2. State two components of a theodolite.

3. Whatis a total station?

4. List two procedures for measuring angles and distances.

5.'Mention one application of total stations in construction projects.

4.2 Global Navigation Satellite Systems (GNSS) and GPS
Surveys

Global Navigation Satellite Systems (GNSS) and the Global Positioning System (GPS) have
revolutionised surveying by providing accurate positioning data anywhere on earth. These

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



technologies allow surveyors to determine precise coordinates without relying solely on
ground-based instruments. In this Part, we shall explore the principles of GNSS and GPS,
examine the instruments and field procedures, consider their applications in mapping and
positioning, and discuss their limitations and error sources.

4.2.1 Principles of GNSS and GPS

A Global Navigation Satellite System (GNSS) is a network of satellites that transmit signals
to provide positioning, navigation, and timing information globally. Several systems exist,
including GPS (United States), GLONASS (Russia), Galileo (European Union), and BeiDou
(China).

The Global Positioning System (GPS) is the most widely used GNSS. It works by triangulating
signals from at least four satellites to determine a receiver’s position on earth.

Fill in the blank: A requires signals from at least four satellites to determine a receiver’s
position.

GPS Triangulation

GPS Satellite 3
4

GPS Satellite 1 i GPS Satelite 4

) Each satellite
/< defines sphere

Signal from1 —

Each satalite
5 sphere

Signal from 2 —

GPS Receiver

Receiver's Position
(Intersection of 4 Spheres)

OER

Figure 4.2 Principle of GPS positioning.
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4.2.2 Instruments and field procedures

Surveyors use specialized instruments to carry out GNSS and GPS surveys:

- GPSreceiver: A device that captures satellite signals and calculates position.
- Antenna: Enhances signal reception for accuracy.

- Data logger: Records positional data for later processing.

- Base station: A fixed receiver used in differential GPS to improve accuracy.

Field procedures typically involve setting up a base station, using rovers (mobile receivers)
to collect data, and processing results to obtain precise coordinates:

Fill in the blank: A station is a fixed receiver used in differential GPS to improve
accuracy.

Plate 4.2 Surveyor using a GPS receiver in the ield.

4.2.3 Applications in mapping and positioning
GNSS and GPS surveys have wide-ranging applications:
- Producing accurate maps for land development and planning.

- Positioning control points for engineering and construction projects.
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- Monitoring movement in tectonic studies and environmental research.
- Supporting navigation in transport, aviation, and maritime industries.

These applications demonstrate how satellite-based systems extend the scope of surveying
beyond traditional ground methods.

Fill in the blank: GNSS surveys are widely used in studies to monitor movement of the
earth’s crust.

GNSS & GPS SURVEYS

* MAPPING & GIS DATA COLLECTION

* CONSTRUCTION & ENGINEERING LAYOUT

* ENVIRONMENTAL MONITORING & RESEARCH
* NAVIGATION & AUTUONMOUS SYSTEMS

de 4.2 pblications of GNSS and GPS surveys.

4.2.4 Limitations and error sources

Although GNSS and GPS surveys are highly effective, they are subject to certain limitations
and errors:

- Multipath error: Occurs when signals reflect off buildings or terrain before reaching the
receiver.

- Atmospheric delays: Caused by ionospheric and tropospheric conditions affecting signal
speed.
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- Satellite geometry: Poor arrangement of satellites reduces accuracy.
- Signal obstruction: Trees, buildings, or tunnels can block signals.

Surveyors often use differential GPS or post-processing techniques to minimise these errors
and improve reliability.

Fill in the blank: error occurs when signals reflect off buildings or terrain before
reaching the receiver.

Typical

Category Error Source Explanation Impact

Atomic clocks on satellites are highly \anorox 12
Satellite (Space)  Clock Bias accurate but can drift. Even a 10-nanosecond PP
.. . meters
error can cause a 3-meter position shift.

Discrepancies between the satellite's actual

](Egﬁfi?)lens position in space and the position predicted by Eg?err(;x =5
the broadcast data.
Signals slow down as they pass through
Propagation Ionospheric charged particles in the upper atmosphere. 0-30+ meters
(Atmosphere) Delay This is the largest source of atmospheric
error.
. Variations, in temperature, pressure, and
Tropospheric N/
Delay humidity in the lower atmosphere cause0—30 meters

signal refraction.

Survey-grade receivers use quartz clocks,
which are less precise than atomic clocks.

This is usually solved by tracking a 4‘[hVarlable

Receiver (User)  Receiver Clock

satellite.
4 . Internal electrical interference or signal\approx 0-1

Receiver Noise o oy

processing limitations within the hardware. meter

I teri int, i t .
Setup/Human mproper centering over a point, incorrecty, - ..

antenna height measurements, or an unlevel ,, "
Error Gross" Error

bubble.

Signals reflect off nearby surfaces (buildings,

water, metal) before reaching the antenna, Variable (cm
creating a "ghost" signal that confuses theto meters)
receiver.

Site/Environment Multipath
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Physical obstructions like heavy tree canopy
Signal Blockage or "Urban Canyons" (tall buildings) that
prevent line-of-sight to satellites.

Loss of signal
lock

Poor satellite geometry (satellites clustered
together) weakens the mathematical strength
of the position fix.

Dilution of
Precision (DOP)

Multiplier of
other errors

Table 4.2 Limitations and error sources in GNSS and GPS surveys.

Pilot questions 4.2

1. Define GNSS.

2. What is GPS, and how does it determine position?

3. Name two instruments used in GPS surveys.

4. State one application of GNSS in environmental.research.

5. Mention one source of error in GPS surveys.

4.3 Photogrammetry and Remote Sensing in Surveying

Photogrammetry and remote sensing have become essential tools in modern surveying,
enabling surveyors to collect data over large areas quickly and accurately. These techniques
use photographs and satelliteimageryto produce maps, models, and analytical information
that support planning, construction, and environmental management. In this Part, we shall
explore the principles of photogrammetry, examine aerial and satellite imagery, discuss
remote sensing techniques, and _consider how these methods integrate with Geographic
Information Systems (GIS).

4.3.1 Principles.of photogrammetry

Photogrammetry is the science of obtaining measurements from photographs. It involves
capturing overlapping images of the ground and using them to create maps or three-
dimensional models. The principle relies on stereoscopic vision, where two overlapping
images are viewed together to perceive depth.

Photogrammetry is widely used in topographic mapping, construction monitoring, and
resource management. It provides a cost-effective way of surveying large areas without the
need for extensive ground measurements.

Fill in the blank: is the science of obtaining measurements from photographs,
often used to create maps or 3D models.
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PHOTOGRAMMERRY PRINCIPLE:
OVERLAPING AERIAL
PHOTOGRAPHS

OER - FOR EDUCATIONAL USE

R
FORWARD LAP (60-80%)

Figure 4.3 Principle of photogrammetry using overlapping photographs.

4.3.2 Aerial and satellite imagery for surveys

Aerial imagery refers to photographs taken from aircraft or drones, while satellite imagery is
captured by sensors mounted.on satellites orbiting the earth. Both provide valuable data for
surveying, mapping, and monitoring.

Aerialimagery is often used for detailed local surveys, while satellite imagery covers broader

areas and is useful forregional or global studies. Together, they provide complementary
perspectives for surveyors.

Fillin the blank: imagery is captured by sensors mounted on satellites orbiting the earth.
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Plate 4.3 Drone capturing aerial imagery for surveying.

4.3.3 Remote sensing techniques and applications

Remote sensing is the process of collecting information about the earth’s surface without
direct contact, typically using sensors on aircraft or satellites. These sensors detect
reflected or emitted energy, such as visible light, infrared, or radar signals.

Applications of remote sensing include monitoring vegetation health, detecting land use
changes, assessing environmental impacts, and supporting disaster management.

Fill in_the blank: sensing collects information about the earth’s surface without direct
contact; often using satellites.

Technique Description Key Applications in Surveying

ol
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Uses visible and near-infrared

glight to capture images SimilalrLand-use mapping, vegetation health

Optical  Sensin

(Multispectral) to what the human eye sees. monitoring, and urban planning.

Infrared (Thermal) Detects heat (thermal Identifying heat leaks in urban infrastructure,

Sensin radiation) emitted by objects geothermal mapping, and monitoring water
g rather than reflected light. bodies.

Radar Sensin Uses active microwave pulses Topographic mapping (DEMs), monitoring

(SAR) €0 "see" through clouds, smoke,land subsidence/deformation, and. maritime

and darkness. surveillance.

Uses laser pulses to measure High-precision 3D terrain modeling, forestry

LIDAR (Laser exact distances to the Earth'scanopy height measurement, and corridor

Scannin g >
g) surface. surveying for power lines.
Mineral loration. i o £ 1
Hyperspectral Captures hundreds of narrow, fneratl exp egation, 1dent‘1 fymg Spectiic sol
. ! compositions, and detecting invasive plant
Sensing contiguous spectral bands.

species.
Table 4.3 Remote sensing techniques and applications.

4.3.4 Integration with GIS

Photogrammetry and remote sensing are most powerful when integrated with Geographic
Information Systems (GIS). GIS allows surveyorsto store, analyse, and visualise spatial data
collected from photographs and satellite images.

This integration supports urban planning, environmental monitoring, and infrastructure
development by providing accurate and up-to-date spatial information.

Fill in the blank: Photogrammetry and remote sensing are most powerful when integrated
with systems for spatial analysis.

The Synergy: GIS, Photogrammetry, and Remote Sensing

How Integration Drives Planning & Monitoring

e Data Fusion: GIS acts as a central hub, layering 3D models from Photogrammetry
and multispectral data from Remote Sensing atop traditional maps (like property
lines or utility grids).

e Temporal Analysis: By storing historical remote sensing data within a GIS, planners
can conduct "change detection" to monitor urban sprawl, deforestation, or coastal
erosion over decades.
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e Precision Modeling: GIS uses the high-resolution point clouds generated by
photogrammetry to perform advanced spatial analysis, such as calculating flood
risks or identifying the best locations for solar panels based on roof pitch.

e Automated Workflows: Modern GIS platforms use Al to automatically classify
objects in remote sensing imagery—turning a raw satellite photo into a digitized map
of every building and road in a city.

Box 4.3 Integration of photogrammetry and remote sensing with GIS.

Pilot questions 4.3

1. Define photogrammetry.

2. What is aerialimagery, and how does it differ from satellite imagery?

3. State one application of remote sensing in environmental management.
4. Mention one technique used in remote sensing.

5. Explain why integration with GIS enhances photogrammetry.and remote sensing.

4.4 Digital Surveying and Geographic Information Systems
(GIS)

Digitaltechnologies have transformed the way surveyors collect, process, and analyse data.
Unlike traditional methods that relied heavily on manual recording, digital surveying uses
electronic instruments and computer-based tools to improve accuracy and efficiency.
When combined with Geographic Information Systems (GIS), surveyors can manage large
datasets, visualise spatial information, and support decision-making in planning and
resource management. In this Part, we shall introduce digital surveying, explain GIS
concepts and components, examine data collection and analysis, and explore applications
in professional practice.

4.4.1 Introduction to digital surveying

Digital surveying refers to the use of electronic instruments and software to capture and
process survey data. Instruments such as total stations, GNSS receivers, and laser
scanners record measurements directly into digital formats, reducing human error and
speeding up workflows.

Digital surveying also allows for seamless integration with mapping software, enabling
surveyors to produce accurate outputs in real time.
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Fillin the blank: surveyinguses electronic instruments and software to capture and process
survey data.

Plate 4.4 Surveyor conducting digital surveying with a total station.

4.4.2 GIS concepts and components

A Geographic Information System (GIS) is a computer-based system that collects, stores,
analyses, and displays spatial data. It integrates maps with databases, allowing surveyors
to link geographic features to descriptive information.

The main components of GIS include:
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- Hardware: Computers and servers that run GIS software.
- Software: Applications used to process and analyse spatial data.

- Data: Spatial and attribute information collected from surveys, imagery, or remote
sensing.

- People: Users who manage and interpret GIS data.

- Methods: Procedures and standards for data collection and analysis.

Fill in the blank: The main components of include hardware, software, data, people, and
methods.

GEOGRAPHIC INFORMATION SYSTEM (GIS) COMPONENTS

Methods Methods People

Figure 4.4 Components of a Geographic Information System.

4.4.3 Data collection, storage, and analysis

3
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Digital surveying and GIS rely on accurate data collection and management. Surveyors
gather spatial data using instruments such as GNSS receivers, drones, and laser scanners.
This data is stored in databases and processed using GIS software.

Analysis involves overlaying different datasets, identifying patterns, and producing maps or
models that support decision-making. For example, combining land use data with elevation
models can help planners design flood control measures.

Fillin the blank: In GIS, analysis often involves overlaying different to identify patterns and
relationships.

Process Description Typical Tools/Methods
Data Thq acquisition of raw spatial ?ndTotal Stations, GNSS/GPS, LiDAR, and
. attribute data from the physical

Collection . Drone (UAV) photogrammetry.
environment.
The systematic organization andGeodatabases, Cloud storage

Data Storage archiving of collected data in digital AWS/Azure), and Structured Query
formats for future access. Language (SQL) databases.

Processing and modeling data. to
Data Analysis identify patterns, relationships, and
trends.

Spatial buffering, overlay analysis, terrain
modeling, and network analysis.

Data Representing analyzed data through2D/3D mapping, heat maps, and
Visualization visual media to.communicate findings. interactive web dashboards.

Table 4.4 Data processes in digital surveying and GIS.

4.4.4 Applicationsin planning and resource management
Digital surveyingand GIS have wide-ranging applications in professional practice:
- Urban planning: Mapping land use and infrastructure for sustainable development.

- Environmental management: Monitoring natural resources and assessing impacts of
human activities.

- Disaster management: Analysing risk zones and planning evacuation routes.
- Agriculture: Supporting precision farming through soil and crop mapping.
- Transportation: Designing road networks and monitoring traffic patterns.

These applications show how digital tools empower surveyors to contribute to sustainable
development and effective resource management.
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Fill in the blank: Digital surveying and GIS are widely applied in planning to map land use
and infrastructure.

Key Applications of Digital Surveying and GIS

Urban Planning & Infrastructure

e Zoning & Land Use: Mapping residential, commercial, and industrial zones to
manage city growth.

e Smart Cities: Integrating real-time sensor data for traffic management and utility
monitoring (water, electricity, waste).

o Site Selection: Evaluating the best locations for new schools, hospitals, or parks
based on population density and accessibility.

Environmental & Disaster Management

e Flood Modeling: Using high-resolution terrain data (LiDAR) to predict flood zones
and design mitigation strategies.

e Resource Conservation: Monitoring deforestation, tracking wildlife habitats, and
managing protected marine areas.

e Emergency Response: Mapping evacuation routes and identifying damaged
infrastructure during wildfires or earthquakes.

Agriculture & Natural Resources

e Precision Farming: Using GPS-guided machinery to apply fertilizer and water only
where needed, reducing waste.

e Yield Monitoring: Analyzing satellite imagery to assess crop health and predict
seasonal-harvests.

e Mining & Forestry: Accurate volume calculations for stockpiles and sustainable
timber harvesting plans.

Transportation & Logistics
¢ Route Optimization: Designing the most efficient paths for public transit and
delivery fleets to save fuel and time.
e Asset Management: Tracking the condition of roads, bridges, and railways for

proactive maintenance.

Box 4.4 Applications of digital surveying and GIS.

Pilot questions 4.4
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1. Define digital surveying.

2. Whatis GIS, and list its main components.

3. State one instrument used for data collection in digital surveying.
4. Mention one way GIS supports environmental management.

5. Give one application of GIS in urban planning.

4.5 Emerging Technologies in Surveying

Surveying is undergoing rapid transformation as new technologies are introduced to
improve accuracy, efficiency, and data management. These innovations allow surveyors to
capture detailed information faster and apply it in diverse fields such as construction,
environmental monitoring, and urban planning. In this Part, we shall explore the use of
drones, examine laser scanning and LiDAR, consider automation andartificial intelligence,
and reflect on future trends and innovations.

4.5.1 Use of drones (UAVSs) in surveying

Drones, also known as Unmanned Aerial Vehicles (UAVs), are aircraft operated without a
human pilot onboard. In surveying, drones are equippedwith cameras or sensors to capture
aerialimagery and collect spatial data.

They are particularly useful for mapping large or inaccessible areas, monitoring
construction sites, and producing 3D models. Drones reduce survey time and costs while
improving safety by limiting the need for surveyors to enter hazardous environments.

Fill in the blank: ~are aircraft operated without a human pilot onboard, often used in
surveying to capture aerial imagery.
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Plate 4.5 Drone used in surveying at a construction site.

4.5.2 L aserscanning and LiDAR technology

Laser scanningis a technique that uses laser beams to capture detailed three-dimensional
information about surfaces and structures. It produces point clouds, which are collections
of data points representing the shape of an object or terrain.

LiDAR (Light Detection and Ranging) is a remote sensing technology that uses laser pulses
to measure distances and create high-resolution maps. LiDAR is widely used in forestry,
flood modelling, and infrastructure planning.
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Fill in the blank: technology uses laser pulses to measure distances and create high-
resolution maps of terrain.

LIDAR PRINCIPLE

TIME-OF-FLIGT CALCULATION

\ LASER PULSE

SN LASER PULSE

-

LIDAR SENSOR
REFLECTED PULSE

e —

DIGITAL ELEVEATION MODEL (DEM) 3D POINT CLOUD

Figure 4.5 Principle of LiDAR technology.

4.5.3 Automation and artificial intelligence in surveying

)
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Automation refers to the use of technology to perform tasks with minimal human
intervention. In surveying, automation is applied in data collection, processing, and
analysis, reducing errors and speeding up workflows.

Artificial intelligence (Al) involves computer systems that can learn, recognise patterns, and
make decisions. Al is increasingly used in surveying to interpret imagery, detect features
automatically, and optimise resource management.

Fillin the blank: in surveying involves computer systems that can learn, recognise patterns,
and make decisions.

Application

Role of Automation & Al Key Benefits
Area

Autonomous drones (UAVs) and robotic Reduces field time, improves safety
Data Collection total stations capture site data with minimalin hazardous" terrain, and ensures

human intervention. consistent data density.

Computer vision algorithms automatically Dramatically speeds up map creation
Feature ) . . . o .
Detection identify and classify objects (buildings, by removing the need for manual

roads, trees) in LIDAR point clouds. "tracing" of features.

Al analyzes terrain and project constraints Lowers fuel consumption, reduces
Resource . . . ..

o to calculate the most efficient routes for waste in earthmoving, and optimizes

Optimization . . i o

machinery and material placement. project timelines.

Machine learning models compare multi- Enables proactive maintenance and
Change . . . " e
Detection temporal scans to automatically highlightensures construction stays "as-built

structural shifts or construction progress. compared to the original design.

Automated scripts.scan datasets for "noise," Increases reliability of final reports
Quality Controloutliers, or inconsistencies that deviateand reduces the risk of human-led
from mathematical norms. data entry errors.

Table' 4.5 Applications of automation and Al in surveying.

4.5.4 Future trends and innovations

Surveying is expected to continue evolving with advances in technology. Future trends
include:

- Greater integration of drones with Al for autonomous surveying.
- Enhanced LiDAR systems capable of producing ultra-high-resolution models.

- Cloud-based platforms for real-time data sharing and collaboration.
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- Use of augmented reality (AR) and virtual reality (VR) for immersive visualisation of survey
data.

These innovations will expand the role of surveyors, making them key contributors to smart
cities, environmental sustainability, and global scientific research.

Fillin the blank: Future innovations in surveying may include the use of reality forimmersive
visualisation of survey data.

Future Trends in Surveying Technologies (2026)

Autonomous & Swarm Robotics

e BVLOS Operations: Drones are now routinely flying "Beyond Visual Line of Sight,"
allowing for automated corridor surveys of pipelines andrailways spanning hundreds
of kilometers.

o Drone Swarms: Simultaneous deployment.of multiple UAVs to map massive areas
in a fraction of the time, with Al coordinating flight paths to avoid overlaps and gaps.

Advanced LiDAR & Edge Computing

o Real-Time Point Clouds: Next-gen LiDAR sensors process data "on the edge" (on the
device itself), providing instant 3D visualizations for immediate quality checks while
stillin the field.

¢ Quantum Positioning: Emerging tech that allows for centimeter-level accuracy in
"GPS-denied" environments like dense urban canyons, tunnels, and indoor industrial
sites.

Cloud-Native GIS'& Digital Twins

o Live Digital Twins: Shifting from static 3D models to "living" replicas that update in
real-timewvia loT sensors, showing structural stress or environmental changes as they
happen.

¢ | Browser-Based Collaboration: Massive 3D datasets are now hosted on cloud
platforms, allowing engineers and stakeholders to walk through a site virtually using
just.a web browser.

Extended Reality (AR/VR) Integration
e AR Field Overlays: Surveyors use Augmented Reality headsets to overlay

underground utility maps or proposed blueprints directly onto the physical
landscape.
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e VR Stakeholder Reviews: Using Virtual Reality to "teleport" clients onto a
construction site for progress walkthroughs, reducing the need for physical travel
and site inductions.

Box 4.5 Future trends in surveying technologies.

Pilot questions 4.5

1. Define drones and state one use in surveying.

2. Whatis LIiDAR, and how does it work?

3. Mention one application of laser scanning in surveying.

4. Explain how artificial intelligence supports surveying practice.

5. State one future trend in surveying technologies.

Series Summary

This Series has focused on advanced surveying techniques and technologies, highlighting
how modern instruments and digital tools have transformed the profession. Its purpose has
been to equip you with the knowledge and skills needed to apply precise methods, integrate
digital systems, and embrace emerging innovations that enhance accuracy and efficiency
in surveying practice.

We began with theodolite and total station surveys, examining their principles and
applications in engineering projects. Then we moved on to GNSS and GPS surveys,
considering their procedures, uses, and limitations. Subsequently, we explored
photogrammetry and remote sensing, learning how aerial and satellite imagery support
mapping and analysis. Following that, we studied digital surveying and GIS, emphasising
their role in data.collection; storage, and spatial analysis. Finally, we concluded with
emerging technologies such as drones, laser scanning, and artificial intelligence, which are
shaping the future of the profession. In line with the Series Learning Outcomes, you should
now be able to define, explain, demonstrate, apply, analyse, and evaluate advanced
surveying practices confidently, preparing you to engage with both current and future
developmentsinthe field.

Glossary of Terms

Artificial intelligence (Al): Computer systems designhed to perform tasks that normally
require human intelligence, such as recognising patterns, making decisions, and
automating processes.
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Digital surveying: The use of electronic instruments and computer-based tools to collect,
process, and analyse survey data more efficiently than traditional methods.

Drone (UAV): An unmanned aerial vehicle used in surveying to capture aerial images and
data for mapping and analysis.

Echo sounder: An electronic device that measures water depth by sending sound waves to
the seabed and recording the time taken for them to return.

Geographic Information System (GIS): A computer-based system that collects, stores,
analyses, and displays spatial data for mapping and decision-making.

Global Navigation Satellite System (GNSS): A network of satellites that provide positioning
and navigation data anywhere on earth.

GPS (Global Positioning System): A satellite-based navigation system that provides location
and time information, widely used in surveying and mapping.

Laser scanning: A surveying technique that uses laser beams to capture detailed three-
dimensional information about surfaces and structures.

LiDAR (Light Detection and Ranging): A remote sensing technology that uses laser pulses to
measure distances and create high-resolution maps of terrain and objects.

Photogrammetry: The science of obtaining measurements from photographs, often used to
create maps or 3D models from aerial images.

Remote sensing: The collection of information about the earth’s surface using satellites or
aircraft without direct contact.

Theodolite: A precision instrument used to measure horizontal and vertical angles in
surveying.

Total station: An electronic surveying instrument that combines the functions of a theodolite
and an electronic distance measurement device, often linked to computers for data
recording.
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Concept Check Questions [Series 4]
Objective questions

1. Which instrument is used to measure both horizontal and vertical angles in surveying?
(Linked to SLO 4.1)

2. A total station combines the functions of a theodolite and which other device?{(Linked to
SLO 4.2)

3. GNSS stands for:

a) Global Navigation Satellite System

b) General National Surveying System

c) Global Network Surveying Software

d) Geographic Navigation Survey System (Linked to SLO 4.3)
4. Which of the following is a limitation of GPS surveys?

a) High accuracy in all conditions

b) Dependence on satellite signals

c) Unlimited coverage indoors

d) No error sources (Linked to SLO 4.4)

5. Which technology uses laser pulses to measure distances and create high-resolution
maps? (Linked to SLO 4.9)

Short-answer questions

6. Define a theodolite. (Linked to SLO 4.1)

7. State one procedure for measuring angles using a total station. (Linked to SLO 4.2)
8. Explain the principle of GNSS. (Linked to SLO 4.3)

9. Mention one application of GPS in mapping. (Linked to SLO 4.4)

10. Whatis photogrammetry, and how is it used in surveying? (Linked to SLO 4.5)

11. State one application of aerial imagery in survey practice. (Linked to SLO 4.6)
12.What does GIS stand for, and what is its main function? (Linked to SLO 4.7)

13. Give one example of how GIS can be applied in resource management. (Linked to SLO
4.8)

14. Name one emerging technology currently used in surveying. (Linked to SLO 4.9)
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15. State one future trend in surveying practice. (Linked to SLO 4.10)

Long-answer questions
16. Describe the components and functions of a total station. (Linked to SLO 4.1 & 4.2)

- Basic response: Learners should identify the telescope, electronic distance
measurement device, and data recording system.

- Value-added response: Outstanding learners may also explain how dntegration with
computers and software enhances efficiency.

17. Analyse the applications and limitations of GPS surveys. (Linked to SLO 4.3 &4.4)

- Basic response: Learners should explain how GPS supports mapping-and positioning,
while noting dependence on satellite signals.

- Value-added response: Outstanding learners may also discuss error sources such as
multipath effects and atmospheric delays, and suggest mitigation strategies.

18. Evaluate the role of photogrammetry and remote sensing in modern surveying. (Linked
to SLO 4.5 & 4.6)

- Basic response: Learners should-describe how photographs and satellite imagery are
used to create maps and models.

- Value-added response: Outstanding learners may also analyse how integration with GIS
improves environmental monitoring and urban planning.

19. Explain the importance of GIS.in digital surveying and resource management. (Linked to
SLO 4.7 &4.8)

- Basic response:Learners should state that GIS collects, stores, and analyses spatial data
for mapping and planning.

- Value-added response: Outstanding learners may also evaluate how GIS supports
decision-making in disaster management, agriculture, and infrastructure development.

20. Discuss the impact of emerging technologies such as drones, LiDAR, and Al on the future
of surveying. (Linked to SLO 4.9 & 4.10)

- Basic response: Learners should explain how these technologies improve accuracy,
efficiency, and data collection.

- Value-added response: Outstanding learners may also assess challenges such as cost,
training, and ethical considerations, while predicting future innovations.
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Answers to Concept Check Questions [Series 4]
Objective questions

1. Theodolite

2. Electronic distance measurement (EDM) device
3. a) Global Navigation Satellite System

4. b) Dependence on satellite signals

5. LiDAR

Short-answer questions

6. Atheodolite is a precision instrument used to measure‘horizontal and vertical angles.
7. One procedure is sighting a target and recording the angle‘electronically.

8. GNSS works by using a network of satellites to provide positioning and navigation data.
9. GPS is applied in mapping by providing accurate coordinates for survey points.

10. Photogrammetry is the science of obtaining measurements from photographs, used to
create maps or 3D models.

11. Aerial imagery can be applied.in urban planning to map land use.

12. GIS stands for Geographic.Information System, and its main function is to manage and
analyse spatial data.

13. GIS can be applied'in resource management by mapping forest cover for conservation.
14. Drones (UAVs) are an example of emerging technology in surveying.

15. One future trend is increased automation using artificial intelligence.

Long-answer questions
16.

- Basic response: A total station includes a telescope, EDM device, and data recording
system for measuring angles and distances.

- Value-added response: Integration with computers and software allows automatic data
processing, improving efficiency and accuracy.

17.
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- Basic response: GPS surveys are used for mapping and positioning but depend on satellite
signals.

- Value-added response: Limitations include multipath errors and atmospheric delays,
which can be mitigated by differential GPS techniques.

18.

- Basic response: Photogrammetry and remote sensing use photographs-and satellite
imagery to create maps and models.

- Value-added response: Integration with GIS enhances environmental monitoring, disaster
response, and urban planning.

19.

- Basic response: GIS collects, stores, and analyses spatial data, supporting mapping and
resource management.

- Value-added response: GIS supports decision-making in agriculture, disaster
management, and infrastructure planning by providing spatial insights.

20.

- Basic response: Emerging technologies such as drones, LiDAR, and Al improve accuracy,
efficiency, and data collection.

- Value-added response: Challenges include high costs, training requirements, and ethical
concerns, but future innovations promise even greater capabilities.

Answers to Pilot Questions [Series 4]

Part 4.1 Theodolite and Total Station Surveys

1. Atheodolite is a.precision instrument used to measure horizontal and vertical angles.
2. Two components of a theodolite are the telescope and the horizontal circle.

3. A total station is an electronic surveying instrument that combines the functions of a
theodolite and an electronic distance measurement (EDM) device.

4. Two procedures for measuring angles and distances are setting up the instrument and
sighting the target.

5. One application of total stations in construction projects is setting out building
foundations.
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Part 4.2 Global Navigation Satellite Systems (GNSS) and GPS Surveys
1. GNSS stands for Global Navigation Satellite System.

2. GPS is a satellite-based navigation system that determines position by triangulating
signals from at least four satellites.

3. Two instruments used in GPS surveys are the GPS receiver and antenna.
4. One application of GNSS in environmental research is monitoring tectonic movement.

5. One source of error in GPS surveys is multipath error.

Part 4.3 Photogrammetry and Remote Sensing in Surveying
1. Photogrammetry is the science of obtaining measurements from photographs.

2. Aerial imagery is captured from aircraft or drones, while satellite imagery is captured by
sensors mounted on satellites orbiting the earth.

3. One application of remote sensing in environmental. management is monitoring
vegetation health.

4. One technique used in remote sensing is‘infrared sensing.

5. Integration with GIS enhances photogrammetry and remote sensing by allowing spatial
data to be stored, analysed, and visualised for planning and monitoring.

Part 4.4 Digital Surveying and Geographic Information Systems (GIS)

1. Digital surveying is the use of electronic instruments and software to capture and process
survey data.

2. GIS stands for Geographic Information System, and its main components are hardware,
software, data, people, and methods.

3. One instrument used for data collection in digital surveying is a GNSS receiver.

4. GIS supports environmental management by monitoring natural resources and assessing
human impacts.

5. 0ne application of GIS in urban planning is mapping land use and infrastructure.

Part 4.5 Emerging Technologies in Surveying

1. Drones are unmanned aerial vehicles, and one use in surveyingis capturing aerialimagery
of construction sites.

2. LiDAR is a remote sensing technology that uses laser pulses to measure distances and
create high-resolution maps.
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3. One application of laser scanning in surveying is producing 3D models of structures.

4. Artificial intelligence supports surveying practice by automatically detecting features in
imagery and optimising resource management.

5. One future trend in surveying technologies is the use of augmented reality for immersive
visualisation of survey data.

References and Attributions [Series 4]
Textual References

- Bannister, A., Raymond, S., & Baker, R. (1998). Surveying (7~ ed.). Pearson Education
Limited.

- Schofield, W., & Breach, M. (2007). Engineering Surveying (6+ ed.). Butterworth-
Heinemann.

- Uren, J., & Price, W. F. (2010). Surveying for Engineers (5« ed.). Palgrave Macmillan.

- Wolf, P. R., & Ghilani, C. D. (2012). Elementary Surveying: An Introduction to Geomatics
(13~ ed.). Pearson Prentice Hall.

- Open Textbook Library. (n.d.). Surveying and Geomatics resources. Retrieved from
https://open.umn.edu/opentextbooks (open.umn.edu in Bing)

- MIT OpenCourseWare. (n.d.). Civil and Environmental Engineering resources. Retrieved
from https://ocw.mit.edu

Illustration Attributions
Part 4.1 Theodolite and Total Station Surveys
- Figure 4.1 Components of a‘theodolite

- Al-generated prompt: “Generate a labelled diagram showing the components of a
theodolite including telescope, circles, and screws.”

- Suggested source search string: “theodolite components diagram OER”
- Plate 4.1 Surveyor using a total station in the field

< Al-generated prompt: “Generate an image of a surveyor using a total station on a tripod in
the field.”

- Suggested source search string: “total station surveyor field OER image”

- Table 4.1 Procedures for angle and distance measurement
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- Al-generated prompt: “Create a table listing procedures for angle and distance
measurement in surveying.”

- Suggested source search string: “surveying procedures angle distance measurement
table OER”

- Box 4.1 Applications of theodolites and total stations

- Al-generated prompt: “Create a text box listing applications of theodolites and total
stations in engineering and construction.”

- Suggested source search string: “applications of theodolites and total stations OER”

Part 4.2 Global Navigation Satellite Systems (GNSS) and GPS Surveys
- Figure 4.2 Principle of GPS positioning

- Al-generated prompt: “Generate a labelled diagram showing GPS triangulation with four
satellites and a receiver.”

- Suggested source search string: “GPS triangulation diagram OER”
- Plate 4.2 Surveyor using a GPS receiver in the field

- Al-generated prompt: “Generate an image of a surveyor using a GPS receiver with antenna
in the field.”

- Suggested source search string: “GPS receiversurveyor field OER image”

- Box 4.2 Applications of GNSS and GPS surveys
- Al-generated prompt: “Create a text box listing applications of GNSS and GPS surveys.”
- Suggested source search string:“applications of GNSS GPS surveys OER”

- Table 4.2 Limitations and error sources in GNSS and GPS surveys

- Al-generated prompt: “Create a table listing limitations and error sources in GNSS and
GPS surveys with explanations.”

- Suggested source search string: “GNSS GPS survey errors table OER”

Part 4.3 Photogrammetry and Remote Sensing in Surveying
< Figure 4.3 Principle of photogrammetry using overlapping photographs

- Al-generated prompt: “Generate a labelled diagram showing overlapping aerial
photographs used in photogrammetry.”

- Suggested source search string: “photogrammetry principle overlapping photographs
diagram OER”
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- Plate 4.3 Drone capturing aerial imagery for surveying

- Al-generated prompt: “Generate an image of a drone capturing aerial imagery for
surveying.”

- Suggested source search string: “drone aerial imagery surveying OER image”
- Table 4.3 Remote sensing techniques and applications

- Al-generated prompt: “Create a table listing remote sensing techniques and. their
applications in surveying.”

- Suggested source search string: “remote sensing techniques applications table OER”
- Box 4.3 Integration of photogrammetry and remote sensing with GIS

- Al-generated prompt: “Create a text box explaining how GIS integrates with
photogrammetry and remote sensing.”

- Suggested source search string: “integration of GIS with photogrammetry and remote
sensing OER”

Part 4.4 Digital Surveying and Geographic Information Systems (GIS)
- Plate 4.4 Surveyor conducting digital surveying with a total station

- Al-generated prompt: “Generate an image of a surveyor using a digital total station
connected to a data logger.”

- Suggested source search.string: “digital surveying total station OER image”
- Figure 4.4 Components of a Geographic Information System

- Al-generated prompt: “Generate a labelled diagram showing GIS components including
hardware, software, data, people, and methods.”

- Suggested source search string: “GIS components diagram OER”
- Table 4.4 Data processes in digital surveying and GIS

- Al-generated prompt: “Create a table listing processes in digital surveying and GIS
including collection, storage, and analysis.”

- Suggested source search string: “digital surveying GIS data processes table OER”
- Box 4.4 Applications of digital surveying and GIS

- Al-generated prompt: “Create a text box listing applications of digital surveying and GIS in
planning and resource management.”

- Suggested source search string: “applications of digital surveying GIS OER”
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Part 4.5 Emerging Technologies in Surveying
- Plate 4.5 Drone used in surveying at a construction site

- Al-generated prompt: “Generate an image of a drone flying over a construction site_to
capture survey data.”

- Suggested source search string: “drone surveying construction site OER image”
- Figure 4.5 Principle of LiDAR technology

- Al-generated prompt: “Generate a labelled diagram showing how LiDAR works with laser
pulses reflecting off terrain.”

- Suggested source search string: “LiDAR principle diagram OER”
- Table 4.5 Applications of automation and Al in surveying

- Al-generated prompt: “Create a table listing applications of automation and Al in
surveying.”

- Suggested source search string: “automation Al'applications in'surveying table OER”
- Box 4.5 Future trends in surveying technologies
- Al-generated prompt: “Create a text box listing future trends in surveying technologies.”

- Suggested source search string: “future trends in surveying technologies OER”

Course code: GEY 209
Course title: Introduction to Surveying

Units: 3 Units

List of series

1.Surveying Instruments and Their Applications
2./Fundamental Methods and Techniques of Surveying
3. Types of Land and Specialized Surveys

4. Advanced Surveying Practices and Technologies

5. Geological and Mining Evaluation in Surveying
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5.1 Geological surveys in surveying practice
-5.1.1 Principles of geological surveys
-5.1.2 Methods of geological data collection

- 5.1.3 Applications in engineering and construction

5.2 Mining surveys and evaluation techniques
- 5.2.1 Introduction to mining surveys
- 5.2.2 Methods of mine mapping and evaluation

- 5.2.3 Safety considerations in mining surveys

5.3 Geophysical methods in surveying

- 5.3.1 Seismic and resistivity methods

- 5.3.2 Magnetic and gravity surveys

- 5.8.3 Applications in mineral exploration

5.4 Integration of geological and mining data with GIS
- 5.4.1 Digital mapping of geological features

-5.4.2 GIS applications in mining evaluation

- 5.4.3 Case studies in resource management

5.5 Environmental and sustainability considerations in geological and mining surveys
- 5.5.1 Environmental impacts of mining surveys
- 5.5.2 Sustainable practices in geological evaluation

- 5.5.3Role of surveyors in environmental monitoring

Introduction

Surveying does not only involve measuring land and structures; it also extends into the
subsurface, where geological and mining activities play a vital role in shaping engineering
projects and resource management. Understanding the earth’s composition, identifying
mineral deposits, and evaluating mining operations are essential tasks that require precise
surveying techniques. This Series will help you appreciate how geological and mining
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surveys contribute to safe construction, efficient resource extraction, and sustainable
environmental practices.

The aim of this Series is to introduce you to the principles and methods of geological and
mining surveys, and to equip you with the knowledge and skills needed to evaluate
geological features, conduct mining surveys, apply geophysical techniques, and integrate
data for effective planning and management.

We shall commence this Series by examining geological surveys in surveying practice,
focusing on their principles, methods of data collection, and applications in engineering.
Next, we will explore mining surveys and evaluation techniques, considering mine mapping
and safety issues. Subsequently, we will move on to geophysical methods such as
seismic, resistivity, magnetic, and gravity surveys, and their applications in mineral
exploration. Following that, we will study how geological and mining data can be integrated
with GIS for digital mapping and resource management. Finally, we willwrap up by
discussing environmental and sustainability considerations, highlighting the role of
surveyors in monitoring impacts and promoting responsible practices.

Series Learning Outcomes
Upon completing this Series, you should be able to:
- SLO 5.1 define the principles of geological surveys in relation to surveying practice,

- SLO 5.2 explain methods of geological data collection used in engineering and
construction projects,

- SLO 5.3 describe the purpose and procedures of mining surveys and evaluation
techniques,

- SLO 5.4 demonstrate how mine.mapping is conducted and outline key safety
considerations in mining surveys,

- SLO 5.5 analyse geophysical methods such as seismic, resistivity, magnetic, and gravity
surveys,

- SLO 5.6 apply geophysical techniques to mineral exploration scenarios,
-SLO 5.7 illustrate how geological and mining data can be digitally mapped using GIS,
- SLO 5.8 evaluate the role of GIS in mining evaluation and resource management, and

-SLO 5.9 assess environmental impacts and propose sustainable practices in geological
and mining surveys.

5.1 Geological Surveys in Surveying Practice
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Surveying extends beyond measuring land surfaces to include the study of subsurface
conditions. Geological surveys provide valuable information about the composition,
structure, and stability of the earth, which is essential for engineering, construction, and
resource management. In this Part, we shall explore the principles of geological surveys,
methods of geological data collection, and their applications in engineering and
construction.

5.1.1 Principles of geological surveys

A geological survey is a systematic investigation of the earth’s materials, structures, and
processes to understand its composition and behaviour. It involves/mapping rock
formations, identifying soil types, and studying geological hazards.

The principles of geological surveys emphasise accuracy, systematic observation, and
integration with other surveying methods. Surveyors must consider both surface and
subsurface features to provide reliable data for engineering projects.

Fillin the blank: A survey is a systematicinvestigation of the earth’s materials, structures,
and processes.
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Figure 5.1 Principles of geological surveys.
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5.1.2 Methods of geological data collection
Geological data can be collected using several methods:

- Field mapping: Direct observation and recording of rock formations, faults, and soil
types.

-Sampling: Collecting soil and rock samples for laboratory analysis.

- Boreholes and drilling: Extracting subsurface samples to study geological layers.

ol
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- Geophysical surveys: Using instruments to detect subsurface features without
excavation.

These methods provide complementary information, ensuring a comprehensive
understanding of geological conditions.

Fillin the blank: and drilling are used to extract subsurface samples for studying
geological layers.

Method Explanation Primary Tools/Techniques

The foundational practice of observing

and recording rock outcrops, soil types, Compass-clinometer, geological

and structural orientations (strike and ~ hammer, and ruggedized field tablets.
dip) directly in the field.

Field Mapping

Acquisition of data from a distance to .4
Satellite imagery

Remote identify broad geological patterns, (multispectral/hyperspectral), LIDAR
Sensing mineral signatures, and topographical P ypersp ’ ’
changes. and aerial photography.

Measuring the physical properties of the
Geophysical  subsurface (magnetism, gravity, Magnetometers, Gravimeters, and
Surveys electrical conductivity)to.infer what lies Ground Penetrating Radar (GPR).

beneath without digging.

Extracting physical cylinders of rock
Drilling & (cores) or chips (cuttings) from deep
Coring underground to provide definitive proof
of composition.

Diamond core drilling, Reverse
Circulation (RC) drilling, and borehole

logging.

Testing soil, water, or rock samples for
Geochemical © specific chemical elements or isotopes to
Sampling identify mineral deposits or
environmental hazards.

X-ray Fluorescence (XRF), mass
spectrometry, and stream sediment
sampling.

Table 5.1 Methods of geological data collection.

5.1.3 Applications in engineering and construction

Geological surveys are critical in engineering and construction projects. They help in:
- Identifying suitable sites for building foundations.

- Assessing soil stability and load-bearing capacity.

- Detecting geological hazards such as landslides or earthquakes.
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- Supporting resource exploration, including minerals and groundwater.

By providing accurate geological information, surveyors enable engineers to design safe
and sustainable structures.

Fillin the blank: Geological surveys are critical in assessing soil and load-bearing capacity
for construction projects.

Applications of Geological Surveys in Engineering & Construction
Site Selection & Feasibility

e Foundation Suitability: Determining the load-bearing capacity of rock and soil
layers to design safe foundations for skyscrapers, bridges, and dams.

e Terrain Evaluation: Identifying the most cost-effective routes for highways and
pipelines based on the underlying geology.

Soil Stability & Slope Management

e Landslide Mitigation: Assessing the risk of slope failure in hilly regions and
designing retaining structures or drainage systems to prevent movement.

e Compaction Testing: Ensuring that soil used for embankments or roadbeds is
dense enough to prevent future sinking or "settlement."

Hazard & Risk Detection

o Seismic Risk Assessment: Identifying active fault lines to ensure buildings are
constructed to withstand potential earthquakes.

¢ Sinkhole & Cavity Mapping: Detecting underground voids (karst topography) or
abandoned mines that could cause a sudden collapse of the surface.

 Hydrogeological Studies: Mapping groundwater levels to prevent basement
flooding or the destabilization of excavation sites.

Resource Exploration & Material Sourcing
o Aggregate Sourcing: Locating nearby sources of high-quality sand, gravel, and
crushed stone to reduce transport costs for concrete production.
o Tunneling Conditions: Predicting the types of rock a Tunnel Boring Machine (TBM)

will encounter to prevent equipment damage and project delays.

Box 5.1 Applications of geological surveys in engineering and construction.

Pilot questions 5.1
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1. Define a geological survey.

2. State two principles of geological surveys.

3. Mention one method of geological data collection.

4. Give one application of geological surveys in construction.

5. Explain why boreholes are important in geological surveys.

5.2 Mining Surveys and Evaluation Techniques

Mining surveys are specialised forms of surveying that focus on the exploration, mapping,
and evaluation of mineral deposits and mining operations. They provide essential data for
safe extraction, efficient resource management, and compliance with environmental and
safety standards. In this Part, we shall introduce mining surveys, examine methods of mine
mapping and evaluation, and consider safety practices that guide surveyors in mining
environments.

5.2.1 Introduction to mining surveys

A mining survey is the process of measuring, recording, and analysing data related to
mines and mineral deposits. It involves locating ore bodies, mapping underground
workings, and monitoring excavation-progress.

Mining surveys are critical for planning extraction, ensuring safety, and maximising
resource recovery. They also help in maintaining accurate records of mine boundaries and
ownership.

Fillin the blank: A survey involvesimeasuring, recording, and analysing data related to
mines and mineral deposits.
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Figure 5.2 Scope of mining surveys.

5.2.2 Methods of mine mapping and evaluation
Mine mapping and evaluation are carried out using several techniques:
- Surface mapping: Recording the location of mineral deposits and surface features.

-‘Underground surveying: Measuring tunnels, shafts, and chambers to monitor excavation
progress.

- Geophysical methods: Using instruments to detect ore bodies and subsurface
structures.

- Sampling and assays: Collecting and testing mineral samples to determine quality and
quantity.

)
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These methods provide both spatial and qualitative data, enabling accurate evaluation of
mining potential.

Fillin the blank: surveying is used to measure tunnels, shafts, and chambers to monitor
excavation progress.

Method Explanation Primary Focus
Surface High-precision surveys of open-pit Volume calculations, permit
Manbin boundaries, stockpiles, and waste dumps compliance, and infrastructure

ppPIng using aerial and terrestrial tools. planning.
Undereround The extension of surface coordinates into Navigation of Tunnel Boring
Surve gin tunnels and shafts to guide excavation and Machines (TBMs), safety egress
yme ensure "breakthrough" accuracy. mapping, and as-built verification.
Geophvsical Using physical properties (density, Identifying "blind" deposits and
Me t}}:ozi]s conductivity) to evaluate the extent of an  assessing rock mass quality for
ore body without direct excavation. structural support.
Geolosical Systematically collecting ore and rock Grade control (determining mineral
Sam l%n samples from face mappings or drill holes concentration) and economic
ping for laboratory analysis. feasibility.

Table 5.2 Methods of mine mapping and evaluation.

5.2.3 Safety considerations in mining surveys

Safety is a critical aspect of mining surveys due to the hazardous nature of underground
environments. Surveyors must follow strict safety protocols, including:

- Wearing protective equipment such as helmets, boots, and respirators.
- Monitoring airqualityto detect harmful gases.

- Ensuring proper ventilation in underground workings.

=Using communication systems to stay connected with surface teams.

- Following emergency procedures for evacuation and rescue.
By adhering to safety standards, surveyors protect themselves and contribute to safer
mining operations.

Fillin the blank: Monitoring quality is essential in mining surveys to detect harmful gases.
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Essential Safety Considerations in Mining Surveys
Personal Protective Equipment (PPE)

o Standard Gear: High-visibility clothing, steel-toed boots, safety glasses, and hard
hats with integrated cap lamps.

e Specialized Gear: Self-contained self-rescuers (SCSRs) for underground oxygen
emergencies and hearing protection for high-decibel drilling zones.

Environmental & Atmospheric Monitoring

e Air Quality: Constant monitoring for "damp" (methane, CO, orCO2) using portable
multi-gas detectors.

e Ventilation Awareness: Ensuring all survey work is conducted within the mine's
primary or secondary ventilation circuits to prevent heat stress and.dust inhalation.

Structural & Geotechnical Safety

e Ground Support: Checking for "loose" (unstable rock).onthe roof (back) or walls
(ribs) of a tunnel before setting up equipment.

o Slope Stability: Utilizing real<time radar monitoring to detect micro-movements in
open-pit walls that could signal'an impending slide.

Communication & Procedural Safety

o Tag-In/Tag-Out: Mandatory registration of personnel location within the mine's
digital tracking system.

o Blast Clearance: Strict adherence to radio protocols and exclusion zones during
scheduled blasting windows.

e Remote Presence: Using "Surveying Drones" or robotic "Spot" dogs to map
hazardous areas without sending a human surveyor into an unsupported heading.

Box 5.2 Safety considerations in mining surveys.

Pilot questions 5.2

1. Define a mining survey.

2{ State one purpose of mining surveys.

3. Mention one method of mine mapping.

4. Give one example of a safety measure in mining surveys.

5. Explain why sampling and assays are important in mining evaluation.
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5.3 Geophysical Methods in Surveying

Geophysical methods are powerful tools that allow surveyors to investigate subsurface
conditions without the need for extensive excavation. These techniques rely on measuring
physical properties of the earth, such as seismic waves, electrical resistivity, magnetism,
and gravity. In this Part, we shall explore seismic and resistivity methods, examine
magnetic and gravity surveys, and consider their applications in mineral exploration.

5.3.1 Seismic and resistivity methods

Seismic surveying involves generating and recording vibrations that travel through the
earth. By studying how seismic waves reflect or refract at different layers, surveyors can
determine subsurface structures and detect faults or mineral deposits.

Resistivity surveying measures the resistance of the ground to electrical current. Different
materials, such as clay, sand, or rock, have distinct resistivity values, which helps in
identifying subsurface features like aquifers or ore bodies.

Fillin the blank: surveying measures the resistance of the ground to electrical current to
identify subsurface features.

GEOPHYSICAL SURVEYING: SEISMIC & RESISTIVITY METHODS
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Figure 5.3 Seismic and resistivity methods in geophysical surveying.

5.3.2 Magnetic and gravity surveys
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Magnetic surveying measures variations in the earth’s magnetic field caused by different
rock types or mineral deposits. Magnetic anomalies often indicate the presence of iron-
rich minerals.

Gravity surveying detects variations in the earth’s gravitational field. Denser materials such
as ore bodies produce stronger gravitational pull, while less dense materials produce
weaker signals. These variations help surveyors map subsurface structures and locate
mineral deposits.

Fillin the blank: anomalies in magnetic surveys often indicate the presence of iron-rich
minerals.

Feature Magnetic Survey Grayvity Survey
Physical Magnetic Susceptibility: The degree to Density: The mass per unit volume
Property which a rock can be magnetized. of the subsurface rocks.

Measures local variations (anomalies)dinthe Measures minute variations in the
Core Principle Earth's magnetic field caused by magnetic = Earth's gravitational pull caused by

minerals (like magnetite). differences in rock mass.
Primary Magnetometer (e.g., Proton Precession or . Gravimeter (measures "g" in units
Instrument Cesium Vapor). of milliGals).
. Locating iron ore, mapping volcanic Mapping sedimentary basins,
Typical . \ . . .
. structures, and identifying buried steel detecting salt domes, and locating
Applications . . "
(pipelines/drums). large ore bodies or cavities.
. 1 ; i ise leveli
Very fast; can be done via drone, plane, or S OWET, requires precise leveling
Speed/Ease > and stationary readings at each
walking. .
point.
Data Highly sensitive to surface "noise" like Sens1t} veto top'ography. and
e . . elevation; requires precise GPS
Sensitivity fences, power lines, and vehicles.

height data for corrections.
Table 5.3 Magnetic and gravity survey techniques.

5:3.3 Applications in mineral exploration

Geophysical methods are widely applied in mineral exploration. They help in:
- Locating ore bodies without extensive drilling.

- Mapping subsurface structures such as faults and folds.

- Identifying groundwater resources.
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- Supporting environmental studies by detecting subsurface contamination.

These applications make geophysical surveys cost-effective and efficient, reducing the
need for invasive methods while providing reliable data for resource management.

Fillin the blank: Geophysical methods are widely applied in exploration to locate ore
bodies and map subsurface structures.

Applications of Geophysical Methods in Mineral Exploration
Targeting Ore Bodies

o Direct Detection: Using Electromagnetics (EM) to find highly conductive massive
sulfide deposits (copper, nickel, lead) or Magnetics to locate iron-rich formations.

¢ Indirect Mapping: Identifying "host rocks" or structures like quartz veins and shear
zones that are known to contain gold or silver.

Subsurface Structural Mapping

o Fault & Fold Identification: Using Seismic Reflection to map the geometry of rock
layers, helping geologists understand the tectonic history and potential "traps" for
minerals.

« Basement Depth: Determining the thickness of cover (sand, soil, or volcanic rock)
sitting on top of the prospective "bedrock” using Gravity surveys.

Groundwater & Environmental Assessment
e Aquifer Mapping: Utilizing Electrical Resistivity to locate porous, water-bearing
zones to supply water formining operations.
o Contamination Tracking: Monitoring the movement of "plumes" or acid mine
drainage by detecting changes in ground conductivity.

Hazard & Cavity Detection

¢ Void Mapping: Using Ground Penetrating Radar (GPR) or Micro-gravity to detect
natural caverns or old, unmapped mine workings that could pose a collapse risk.

Box 5.3 Applications of geophysical methods in mineral exploration.

Pilot questions 5.3
1. Define seismic surveying.

2. State one principle of resistivity surveying.
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3. Mention one application of magnetic surveys.
4. Explain how gravity surveys detect subsurface structures.

5. Give one application of geophysical methods in mineral exploration.

5.4 Integration of Geological and Mining Data with. GIS

Modern surveying increasingly relies on digital tools to manage and analyse large datasets.
Geographic Information Systems (GIS) provide a powerful platform for integrating
geological and mining data, allowing surveyors to visualise spatial information, identify
patterns, and support decision-making in resource management. In this Part, we shall
explore digital mapping of geological features, examine GIS applications in'mining
evaluation, and consider case studies that demonstrate practical uses of these
technologies.

5.4.1 Digital mapping of geological features

Digital mapping involves the use of GIS software to represent geological features such as
rock formations, faults, and mineral deposits in a spatial database. Unlike traditional
paper maps, digital maps can be updated easily, analysed interactively, and shared across
platforms.

Surveyors use digital mapping to overlay geological data with topographic, hydrological,
and infrastructural information, creating comprehensive maps that support engineering
and exploration projects.

Fillin the blank: mapping uses GIS software to represent geological features in a spatial
database.
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Figure 5.4 Digital mapping of geological features using GIS.

5.4.2 GIS applications in mining evaluation

GIS plays a crucial role in mining evaluation by integrating spatial and attribute data.
Applications include:

- Identifying potential mining sites by overlaying geological and geophysical data.
- Monitoring excavation progress and resource extraction.

- Assessing environmental impacts by mapping land use changes.

- Supporting decision-making with predictive models and simulations.

By combining multiple datasets, GIS enhances the accuracy and efficiency of mining
evaluations.

Fillin the blank: GIS supports mining evaluation by integrating and attribute data
for analysis.

Application Area Explanation Key GIS Operations

Evaluating multiple datasets to find
Site Identification high-potential zones for mineral
& Selection discovery or optimal infrastructure
locations.

Overlays of geological, geochemical,
and geophysical layers; proximity
analysis for roads and water.

-
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Excavation
Monitoring

Environmental
Assessment

Translating drill-hole data into 3D block modeling; geostatistical

Ore Reserve spatial models to calculate the total . . i
. : . . interpolation (Kriging) to estimate
Estimation quantity and quality of a mineral o
. grades between drill sites.
deposit.
Tracking daily mining progress and Volumetric calculations using
comparing the "actual" dig against LiDAR/Drone surveys; real-time GPS
the "planned" design. tracking of haul fleets.
o ) . Hydrological modeling for
Monitoring the impact of mining on  * A . NDVT (Vegetation
the surrounding landscape, including . ..
. Index) analysis to track rehabilitation
water quality and land use changes.
progress.
Predictive Simulating potential hazards like Slope Stablh.t Y analys1§ .
. ) s . (aspect/gradient); subsidence risk
Modeling & Risk  ground subsidence or slope failures X : P .
. . . mapping using historical deformation
Detection to design safer mine layouts.

data.

Table 5.4 GIS applications.in mining evaluation.

5.4.3 Case studies in resource management

Case studies demonstrate how GIS.integration improves geological and mining surveys.
Examples include:

- Mapping groundwater resources to support sustainable extraction.

- Using GIS to monitor deforestation linked to mining activities.

- Applying GIS in urban planning to balance mining with infrastructure development.

- Evaluating mineral reserves with combined geological and geophysical datasets.

These case studies highlight the versatility of GIS in addressing real-world challenges and
promoting responsible'resource management.

Fillinthe blank: Case studies show that GIS can be applied to monitor linked to
mining activities.

Case Studies: GIS in Resource Management

Groundwater Aquifer Mapping (Sub-Saharan Africa)

The Challenge: Locating sustainable water sources in arid regions with complex
underground basalt layers.
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e The GIS Solution: By layering satellite-derived Gravity data (GRACE) with local
resistivity surveys, hydrogeologists mapped "hidden" paleo-channels. This
increased the success rate of borehole drilling from 40% to over 85%.

Mineral Reserve Evaluation (Western Australia)

e The Challenge: Determining the economic viability of deep-seated iron ore
deposits under 200 meters of sand cover.

o The GIS Solution: Using 3D Geostatistical Interpolation, engineerscombined
disparate drill-hole data into a "Block Model." This allowed for precise volume

calculations and "What-If" scenarios regarding fluctuating commodity prices and
extraction costs.

Deforestation & Rehabilitation Monitoring (Amazon Basin)

o The Challenge: Tracking illegal mining activity and measuring the success of forest
reclamation projects.

e The GIS Solution: Implementing Automated Change Detection using Sentinel-2
multispectralimagery. The system automatically flags "vegetation loss" (using
NDVI) in real-time, allowing environmental agencies to intervene within 24 hours of
a disturbance.

Urban Subsidence Risk Planning (Southeast Asia)

e« The Challenge: Assessing the impact of excessive groundwater extraction on city
infrastructure.

o The GIS Solution:/Integrating INSAR (Interferometric Synthetic Aperture Radar)
data with city utility maps. This created a "Predictive Risk Map" that identifies
buildings and pipelines at high risk of structural failure due to ground sinking
(subsidence).

Box 5.4 Case studies in GIS-based resource management.

Pilot questions 5.4

1..Define digital mapping in geological surveys.

2.State one advantage of digital maps over paper maps.

3. Mention one GIS application in mining evaluation.

4. Give one example of a case study where GIS supports resource management.

5. Explain why integrating geological and mining data with GIS is important.
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5.5 Environmental and Sustainability Considerations in
Geological and Mining Surveys

Surveying in geological and mining contexts does not only focus on resource extraction
and engineering design. It also plays a vital role in monitoring environmental impacts and
promoting sustainable practices. Surveyors are increasingly expected to provide data that
supports responsible mining, protects ecosystems, and ensures compliance with
environmental regulations. In this Part, we shall examine environmental impacts of mining
surveys, explore sustainable practices in geological evaluation, and highlight the role of
surveyors in environmental monitoring.

5.5.1 Environmental impacts of mining surveys

Mining activities can have significant environmental consequences, and surveys help to
identify and monitor these impacts. Common issues include:

- Deforestation: Clearing land for mining operations.

- Soil erosion: Disturbance of land surfaces during excavation.

- Water pollution: Contamination of rivers and groundwater from mining waste.
- Air pollution: Release of dust and harmful gases during mining.

Surveyors provide baseline data before mining begins and monitor changes throughout the
project lifecycle. This informationiis critical.for environmental management and regulatory
compliance.

Fillin the blank: Mining surveys help to monitor environmental impacts such as soil and
water pollution.

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



ENVIRONMENTAL IMPACTS OF MINING SURVEYS

MINING ACTIVITY & SURVEYS
m sunvs|von % DRONE (UAV)

REMOTE SENSING &

HABITAT LOSS &

FRAGMENTATION SEDIMENT A LANDFORM
WATER & AQUATIC IMPACTS — AIR & ATMOSPHERIC
s sTorace (B IMPACTS + ATMOSPHERIC
o - "POLLUTION
ACID MINE A DUST —
DRAINAGE (AMD) X SO P (P10, PMZ.S) - ATMOSPHERIC
- ' 1 SURVEYS GASEOUS { 45 ~ "/ DEPOSITION
HEAVY METALS e ‘ oS S B =" :
POLLUTION ~ > - ﬁ]]] (505, N0 B S
. A

WATER QUALITY

POLLUTION BLASTING

SILTATION &
SEDIMENTATION FUMES

AQUATIC ECOSYSTEM * GROUNDWATER NOISE & VIBRATION
DEGRADATION CONTAMINATION POLLUTION

CUMULATIVE ENVIRONMEN'

AIR QUALITY &
NOISE SURVEYS

Figure 5.5 Environmental impacts of mining surveys:

5.5.2 Sustainable practices in geological evaluation

Sustainable practices in geological evaluation aim to balance resource extraction with
environmental protection. These include:

- Conducting environmental impact assessments before mining projects.
- Using eco-friendly technologies to reduce pollution.

- Rehabilitating mined land through reforestation and soil restoration.

- Recycling and reusing materials to minimize waste.

- Planning extraction to avoid sensitive ecosystems.

Surveyors play akey role in recommending and implementing these practices by providing
accurate data and monitoring compliance.

Fill in the blank: Sustainable practices in geological evaluation include conducting

environmental assessments before mining projects.

Practice Explanation Key Benefits
Environmental A pre-exploration study that identifies ~ Prevents accidental damage to
Impact Assessment sensitive ecosystems, water sources, and "no-go" zones and ensures legal
(EIA) cultural sites before any ground is broken. compliance.
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Prioritizing non-invasive methods like ~ Reduces the need for land

Iézg_imgizt Passive Seismic or Airborne Magnetics clearing and heavy vehicle
phy over traditional high-impact methods. access in remote areas.

. Utilizing biodegradable, non-toxic Prevents groundwater
Eco-Friendly . C gt S 2. T
Drilling Fluids lubricants and polymers in drilling rigs ~ contamination and simplifies the

instead of traditional oil-based muds. cleanup of drill sites.

Re-contouring and re-seeding exploration
Progressive Land  drill pads and access tracks as soon as the Prevents soil erosion and allows
Rehabilitation data is collected, rather than at the end of native vegetation to return faster.
the project.

Reduces the total number of
holes required to define an ore
body, lowering the overall
footprint.

Using high-resolution satellite and Al
modeling to "target" drilling locations
more accurately.

Digital Data
Optimization

Minimizes local water
consumption and prevents the
discharge of sediment-laden
water into streams.

Implementing onsite filtration units that
recycle and reuse water during drilling
operations.

Closed-Loop Water
Systems

Table 5.5 Sustainable practices in geological evaluation.

5.5.3 Role of surveyors in environmental monitoring

Surveyors are central to environmental monitoring in mining and geological projects. Their
responsibilities include:

- Collecting data on land use changes and ecosystem health.

- Monitoring airand water quality around mining sites.

- Providing maps.and reports for environmental regulators.

- Advising engineers.and planners on sustainable site selection.

- Supporting community engagement by sharing environmental information.

By integrating environmental monitoring into their work, surveyors contribute to
sustainable development and responsible resource management.

Fillin'the blank: Surveyors support environmental monitoring by collecting data on land

use changes and health.

Responsibility Key Actions
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Utilizing GPS, LiDAR, and satellite imagery to map terrain, vegetation

Data Collection . :
changes, and shoreline erosion.

Deploying sensors to track chemical levels in water bodies and particulate

Monitoring Quality matter in the air.

Reporting & Translating geospatial data into environmental impact assessments (EIAs)
Analysis for regulatory bodies.
.. Providing technical expertise to developers and governments on
Advising . . o
sustainable land use and risk mitigation.
Community Communicating
Engagement

Box 5.5 Role of surveyors in environmental monitoring.

Pilot questions 5.5

1. State two environmental impacts of mining surveys.

2. Mention one sustainable practice'in geological evaluation.

3. Explain why environmental impact assessments are important before mining projects.
4. Give one role of surveyors in environmental monitoring.

5. Describe how rehabilitating mined land supports sustainability.

Series Summary

This Series has focused on the role of geological and mining surveys in modern surveying
practice, highlighting their importance for engineering, resource management, and
sustainability. We began by examining the principles of geological surveys, methods of
data collectionyand their applications in construction. We then explored mining surveys,
looking at mapping techniques, evaluation methods, and safety considerations. Moving
on,'we studied geophysical methods such as seismic, resistivity, magnetic, and gravity
surveys; before considering how geological and mining data can be integrated with GIS for
digital mapping and resource management. Finally, we addressed environmental and
sustainability considerations, emphasizing the impacts of mining, sustainable practices,
and the role of surveyors in environmental monitoring.

By completing this Series, you should now be able to define geological survey principles,
explain data collection methods, describe mining survey techniques, demonstrate mine
mapping and safety practices, analyze geophysical methods, apply them to mineral
exploration, illustrate digital mapping with GIS, evaluate GIS applications in mining
evaluation, and assess environmental impacts while proposing sustainable practices.
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These outcomes align directly with the Series Learning Outcomes (SLOs), providing you
with a clear set of skills and knowledge to apply in both professional surveying and
resource management contexts.

Glossary of Terms
Artificial intelligence (Al)

Computer systems designed to learn, recognize patterns, and make decisions, often used
in surveying to interpret imagery and optimize resource management.

Borehole

A deep, narrow hole drilled into the ground to extract subsurface samples for studying
geological layers.

Digital mapping

The use of GIS software to represent geological or mining features in a spatial database,
allowing interactive analysis and updates.

Geological survey

A systematic investigation of the'earth’s materials, structures, and processes to
understand its composition and behaviour.

Geophysical survey

A method of collecting subsurface data using instruments that measure physical
properties suchras seismic waves, resistivity, magnetism, or gravity.

Geographic Information System (GIS)

A computer-based system that collects, stores, analyses, and visualises spatial data for
mapping and resource management.

LiDAR (Light Detection and Ranging)
Aremote sensing technology that uses laser pulses to measure distances and create high-

resolution maps of terrain.

Mining survey
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The process of measuring, recording, and analysing data related to mines and mineral
deposits, including mapping underground workings and monitoring excavation.

Photogrammetry

The science of obtaining measurements from photographs, often used to create maps or
three-dimensional models.

Remote sensing

The collection of information about the earth’s surface using sensors-mounted on aircraft
or satellites, without direct contact.

Sampling

The process of collecting soil, rock, or mineral specimens for laboratory analysis to
determine composition and quality.

Sustainable practices

Methods in geological and mining surveys that balance resource extraction with
environmental protection, such as impact assessments, land rehabilitation, and eco-
friendly technologies.

Total station

An electronic surveying instrument that combines the functions of a theodolite and an
electronic distance measurement device, used for measuring angles and distances.

Unmanned Aerial Vehicle (UAV) / Drone

An aircraft operated without a human pilot onboard, often used in surveying to capture
aerialimagery and collect spatial data.

Underground surveying

Surveying conducted in tunnels, shafts, and chambers to monitor excavation progress and
ensure safety in mining operations.

Concept Check Questions [Series 5]

Objective questions
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1. Which type of survey investigates the earth’s materials, structures, and processes?
(Linked to SLO 5.1)

2. Boreholes and drilling are used to collect which type of samples? (Linked to SLO 5.2)

3. Which survey method is used to measure tunnels, shafts, and chambers? (Linked to SLO
5.4)

4. Which geophysical method uses seismic waves to study subsurface structures? (Linked
to SLO 5.5)

5. GIS stands for:
a) Geological Information Survey
b) Geographic Information System
c) Global Imaging Software

d) Geophysical Integration System (Linked to SLO 5.7)

Short-answer questions

6. Define a geological survey. (Linked to SLO 5.1)

7. State one method of geological data collection. (Linked to SLO 5.2)

8. Mention one purpose of mining surveys. (Linked to SLO 5.3)

9. Give one safety consideration in mining surveys. (Linked to SLO 5.4)

10. Explain the principle of resistivity surveys. (Linked to SLO 5.5)

11. State one application of magnetic surveys in mineral exploration. (Linked to SLO 5.6)
12. What is digital mapping in GIS? (Linked to SLO 5.7)

13. Mention one GIS application in mining evaluation. (Linked to SLO 5.8)

14. State one environmental impact of mining surveys. (Linked to SLO 5.9)

15.Give one sustainable practice in geological evaluation. (Linked to SLO 5.9)

Long-answer questions

16. Describe the principles and applications of geological surveys in engineering projects.
(Linked to SLO 5.1 &5.2)

- Basic response: Learners should explain that geological surveys investigate earth
materials and provide data for construction site selection and soil stability.
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- Value-added response: Outstanding learners may also discuss how geological surveys
support hazard detection and long-term infrastructure planning.

17. Analyse the methods of mine mapping and evaluation, highlighting their importance.n
mining operations. (Linked to SLO 5.3 & 5.4)

- Basic response: Learners should describe surface mapping, underground surveying,
and sampling as key methods.

- Value-added response: Outstanding learners may also evaluate how geophysical
methods improve accuracy and how safety considerations ensure reliable data
collection.

18. Evaluate the role of geophysical methods in mineral exploration. (Linkedto SLO 5.5 &
5.6)

- Basic response: Learners should explain seismic, resistivity, magnetic, and gravity
surveys as tools for detecting subsurface features:

- Value-added response: Outstanding learners may also assess the limitations of these
methods and suggest how combining them@&nhances exploration accuracy.

19. Explain how GIS supports geological and mining surveys. (Linked to SLO 5.7 & 5.8)

- Basic response: Learners should state that GIS integrates spatial and attribute data for
mapping and evaluation.

- Value-added response: Outstanding learners may also analyse case studies showing
GIS applications in resource management and environmental monitoring.

20. Discuss therenvironmental and sustainability considerations in geological and mining
surveys. (Linked to SLO 5.9)

- Basieresponse: Learners should describe impacts such as deforestation, soil erosion,
and_ pollution, and mention sustainable practices like land rehabilitation.

- Value-added response: Outstanding learners may also evaluate the role of surveyors in
environmental monitoring and propose strategies for balancing resource extraction with
ecosystem protection.

Answers to Concept Check Questions [Series 5]

Objective questions

1. Geological survey
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2. Subsurface samples (soil and rock)
3. Underground surveying
4. Seismic survey

5. b) Geographic Information System

Short-answer questions

6. A geological survey is a systematic investigation of the earth’s materials, structures, and
processes.

7. 0ne method is field mapping.
8. Mining surveys are used to locate ore bodies and monitor excavation progress.
9. One safety consideration is monitoring air quality to detect harmful gases.

10. Resistivity surveys measure how strongly the ground resists electrical current to
identify subsurface materials.

11. Magnetic surveys can detect ore bodies containing iron.

12. Digital mapping is the use of GIS software to represent geological features in a spatial
database.

13. One GIS application is monitoring excavation progress.
14. One environmental impact is water pollution from mining waste.

15. One sustainable practice is rehabilitating mined land through reforestation.

Long-answer questions
16.

- Basic response: Geological surveys investigate earth materials and provide data for site
selection and soil stability.

- Value-added response: They also support hazard detection and long-term infrastructure
planning.

17.

- Basic response: Mine mapping methods include surface mapping, underground
surveying, and sampling.

- Value-added response: Geophysical methods improve accuracy, while safety
considerations ensure reliable data collection.
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18.

- Basic response: Geophysical methods such as seismic, resistivity, magnetic, and gravity
surveys detect subsurface features.

- Value-added response: Combining these methods enhances exploration accuracy and
mitigates limitations.

19.
- Basic response: GIS integrates spatial and attribute data for mapping and evaluation.

- Value-added response: Case studies show GIS supports resource management and
environmental monitoring.

20.

- Basic response: Mining surveys can cause deforestation, soil erasion, and pollution, but
sustainable practices like land rehabilitation reduce impacts.

- Value-added response: Surveyors play a key.role inmonitoring impacts and proposing
strategies to balance resource extraction with ecosystem protection.

Answers to Pilot Questions [Series 5]

Part 5.1 Geological surveys-in surveying practice

1. A geological survey is a systematic investigation of the earth’s materials, structures, and
processes.

2. Two principles of geological surveys are accuracy and systematic observation.
3. One method of geological data collection is field mapping.

4. Oneapplication of geological surveys in construction is identifying suitable sites for
building foundations.

5. Boreholes are important because they provide subsurface samples for studying
geological layers.

Part 5.2 Mining surveys and evaluation techniques

1. A mining survey is the process of measuring, recording, and analysing data related to
mines and mineral deposits.

2. One purpose of mining surveys is to locate ore bodies.
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3. One method of mine mapping is underground surveying.
4. One safety measure in mining surveys is monitoring air quality to detect harmful gases.

5. Sampling and assays are important because they determine the quality and quantity of
mineral deposits.

Part 5.3 Geophysical methods in surveying
1. Seismic surveys use sound waves to study subsurface structures.
2. Resistivity surveys measure how strongly the ground resists electrical current.

3. Magnetic surveys detect variations in the earth’s magnetic field caused by mineral
deposits.

4. Gravity surveys measure differences in gravitational pull to.identify subsurface
features.

5. One application of geophysical methods in mineral exploration is locating ore bodies.

Part 5.4 Integration of geological andmining data with GIS

1. Digital mapping is the use of GIS software to represent geological features in a spatial
database.

2. One advantage of digital maps.over paper maps is that they can be updated and
analysed interactively.

3. One GIS application in mining evaluation is monitoring excavation progress.

4. One case study example is using GIS to monitor deforestation linked to mining
activities.

5. Integrating geological and. mining data with GIS is important because it enhances
accuracy and supports resource management.

Part 5.5 Environmental and sustainability considerations in geological and mining surveys
1. Two environmental impacts of mining surveys are deforestation and water pollution.

2.0ne sustainable practice in geological evaluation is rehabilitating mined land through
reforestation.

3. Environmental impact assessments are important because they identify potential
impacts before mining projects begin.

4. One role of surveyors in environmental monitoring is collecting data on land use
changes.
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5. Rehabilitating mined land supports sustainability by restoring ecosystems and reducing
long-term damage.
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Illustration Attributions
Part 5.1 Geological surveys in surveying practice
- Figure 5.1 Principles of geological surveys

- Al-generated prompt: “Generate a labelled diagram showing geological survey principles
including surface mapping and.subsurface investigation.”

- Suggested source search string: “principles of geological survey diagram OER”
- Table 5.1 Methods of geological data collection

- Al-generated prompt: “Create a table listing methods of geological data collection with
explanations.”

- Suggested source search string: “methods of geological data collection table OER”
-Box 5.1 Applications of geological surveys in engineering and construction

- Al-generated prompt: “Create a text box listing applications of geological surveys in
engineering and construction.”

- Suggested source search string: “applications of geological surveys engineering
construction OER”
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Part 5.2 Mining surveys and evaluation techniques
- Figure 5.2 Scope of mining surveys

- Al-generated prompt: “Generate a labelled diagram showing the scope of mining surveys
including exploration, mapping, and monitoring.”

- Suggested source search string: “scope of mining surveys diagram OER”
- Table 5.2 Methods of mine mapping and evaluation

- Al-generated prompt: “Create a table listing methods of mine mapping and evaluation
with explanations.”

- Suggested source search string: “methods of mine mapping evaluation table OER”
- Box 5.2 Safety considerations in mining surveys

- Al-generated prompt: “Create a text box listing safety considerations in mining
surveys.”

- Suggested source search string: “safety. considerations mining surveys OER”

Part 5.3 Geophysical methods in surveying
- Figure 5.3 Geophysical methods in'surveying

- Al-generated prompt: “Generate a labelled diagram showing seismic, resistivity,
magnetic, and gravity survey.methods.”

- Suggested source search string: “geophysical methods surveying diagram OER”
- Table 5.3 Applications of geophysical methods

- Al-generated.prompt: “Create a table listing applications of geophysical methods in
mineral exploration.”

- Suggested source search string: “applications geophysical methods mineral exploration
table OER”

- Box'5.3 Limitations of geophysical methods

- Al-generated prompt: “Create a text box listing limitations of geophysical methods in
surveying.”

- Suggested source search string: “limitations geophysical methods surveying OER”
Part 5.4 Integration of geological and mining data with GIS

- Figure 5.4 Digital mapping of geological features using GIS
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- Al-generated prompt: “Generate a labelled diagram showing digital mapping of
geological features with GIS layers.”

- Suggested source search string: “digital mapping geological features GIS diagram OER”
- Table 5.4 GIS applications in mining evaluation

- Al-generated prompt: “Create a table listing GIS applications in mining evaluation with
explanations.”

- Suggested source search string: “GIS applications mining evaluation table OER”
- Box 5.4 Case studies in GIS-based resource management

- Al-generated prompt: “Create a text box summarising case studies of GIS applications in
geological and mining resource management.”

- Suggested source search string: “GIS case studies mining resource management OER”

Part 5.5 Environmental and sustainability considerationsiin'geological and mining surveys
- Figure 5.5 Environmental impacts of mining surveys

- Al-generated prompt: “Generate a labelled diagram showing environmental impacts of
mining such as deforestation, soil erosion, water.and air pollution.”

- Suggested source search string: “environmentalimpacts of mining surveys diagram
OER”

- Table 5.5 Sustainable practices in'geological evaluation

- Al-generated prompt: “Create a table listing sustainable practices in geological
evaluation with explanations.”

- Suggested source search string: “sustainable practices geological evaluation table
OER”

- Box 5.5 Role of surveyors in environmental monitoring

- Al-generated prompt: “Create a text box listing the role of surveyors in environmental
monitoring.”

- Suggested source search string: “role of surveyors environmental monitoring OER”
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