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This trainee's manual includes all the knowledge and skills required in Renewable Energy

specifically for the module of " Hydropower Plant Operation". Trainees enrolled in this
module will engage in practical activities designed to develop and enhance their
competencies. The development of this training manual followed the Competency-Based
Training and Assessment (CBT/A) approach, offering ample practical opportunities that
mirror real-life situations.

The trainee's manual is organized into Learning Outcomes, which is broken down into
indicative content that includes both theoretical and practical activities. It provides detailed
information on the key competencies required for each learning outcome, along with the
objectives to be achieved.

As a trainee, you will start by addressing questions related to the activities, which are
designed to foster critical thinking and guide you towards practical applications in the labor
market. The manual also provides essential information, including learning hours, required
materials, and key tasks to complete throughout the learning process.

All activities included in this training manual are designed to facilitate both individual and
group work. After completing the activities, you will conduct a formative assessment,
referred to as the end learning outcome assessment. Ensure that you thoroughly review the

key readings and the 'Points to Remember' section.
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MODULE CODE AND TITLE: RENHO501 HYDROPOWER
PLANT OPERATION

Learning Outcome 1: Perform operation and maintenance preliminary activities.
Learning Outcome 2: Run the hydropower plant equipment.

Learning Outcome 3: Control the output of hydropower plant equipment.
Learning Outcome 4: Maintain hydropower plant equipment
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Indicative contents

1.1 Preparation of workplace

1.2 Checking of Hydropower plant equipment parameters

1.3 Analysis of hydropower plant equipment functionality

1.4 Recording of hydropower plant equipment parameters

Key Competencies for Learning Outcome 1: Perform Operation and Maintenance
Preliminary Activities

Knowledge

Skills

Attitudes

Identification of

Selecting of tools,

operation and materials and

maintenance equipment
activities e Inspecting of
e |dentification of equipment
electrical and e Checking of tools
mechanical e Checking
parameters electrical
e Description of parameters
pneumatic, e Checking
electrical, hydraulic ;
mechanical
and electronic
parameters
equipments. .

e Checking
pneumatic
parameters

e Checking
hydraulic
parameters

e Analysing working
conditions of
electrical
equipment.

e Analysing working
conditions of
pneumatic,
equipment.

e Analysing working

Being careful
while selecting,
inspecting and
checking tools,
materials and
equipment.
Having critical
thinking

Being a time
manager
Being accurate
while checking
and recording
parameters
Being self-
confident

Being attentive

Being a
communicator
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condition of
hydraulic
equipment.

e Analysing working
conditions of
electronic
equipment.

e Recording
hydropower plant
equipment
parameters

Duration: 10 hrs

Learning outcome 1 objectives:

By the end of the learning outcome, the trainees will be able to:

1.

0o N oo U1 MW

9.

Identify clearly workplace operation and maintenance activities based on hydropower
plant.

. Prepare correctly the workplace based on hydropower plant operation and maintenance

activities.

. Select appropriately tools used in hydropower plant operation and maintenance.

. Select appropriately materials used in hydropower plant operation and maintenance.

. Select appropriately equipment used in hydropower plant operation and maintenance.
. Identify properly mechanical parameters based on hydropower plant status.

. Identify properly electrical parameters based on hydropower plant status.

. Identify properly pneumatic and hydraulic parameters based on hydropower plant

status.

Check accurately electrical parameters based on hydropower plant status.

10. Check accurately mechanical parameters based on hydropower plant status.

11. Check accurately pneumatic parameters based on hydropower plant status.

12. Check accurately hydraulic parameters based on hydropower plant status.

13. Analyse properly the working principle of electrical, mechanical, pneumatic and

hydraulic equipment based on hydropower plant parameters.

14. Record effectively equipment parameters based on hydropower plant equipment

status.
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‘I ﬁ.ﬁ"
Resources

Equipment Tools Materials
e Overhaul valves, Plier Pipes
e Security Spanner Circuit breakers
valves/inlet Screw driver Air break switch

valves, bypass
valves

e Gate valves
e Turbines

e Hydraulic
governor

e Alternators

e Control and
monitoring
system

e Crane
e Transformers

® Emergency
generator

e Multimeter

® Power meter

e Frequency meter
e Clamp meter

e Thermometer

® Pressure gauge

e Tachometer.

Computer.

Pen

Paper.
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\/ Indicative content 1.1: Preparation of Workplace

Duration: 2hrs

@[z
Ol:E Theoretical Activity 1.1.1: Identification of the workplace operation and

W maintenance activities for hydropower plant.

”

Thi 51000\
‘hnﬂ T I
|

1: Answer the following questions:

What are workplace activities?
Identify operation activities of hydropower plant
Identify maintenance activities of hydropower plant

2: Present the findings to the whole class.

3. Ask question for more clarification if any
4: Read the key readings 1.1.1

e
Key readings 1.1.1: Identification of the workplace operation and

maintenance activities for hydropower plant.

Workplace activities refer to tasks, exercises, or events designed to improve
teamwork, productivity, engagement, and employee satisfaction within a work
environment.

Workplace activities at a hydropower plant are centered around the operation,
maintenance, safety, and management of the plant's infrastructure and
workforce. These activities ensure the plant's efficient functioning, safety
compliance, and performance optimization. Below are the key workplace
activities for a hydropower plant:

Operational activities in a hydropower plant involve the day-to-day tasks
necessary to generate electricity from water resources and maintain the smooth
functioning of the plant. These activities include managing water flow, turbine
operation, power generation, and system monitoring to ensure efficiency and
safety

Maintenance activities for a hydropower plant are essential for ensuring the
longevity, safety, and efficient operation of the plant. These activities can be
divided into preventive, predictive, corrective, and condition-based
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maintenance, covering all critical components of the plant, including turbines,

generators, control systems, and infrastructure.

v Preliminary operation activities

> System Inspections: Inspect critical equipment and systems, such as turbines,

generators, boilers, and cooling systems, to ensure they are in good working

condition.

> Safety Equipment Checks: Verify that all safety equipment, including fire

suppression systems, alarms, and emergency shutdown systems, is operational.

> Instrumentation Calibration: Ensure that all instruments and control systems

are properly calibrated and functioning accurately.

Preliminary maintenance for hydropower plant operations involves several key

activities to ensure the plant runs efficiently and safely:

4+ Essential steps for preliminary maintenance activities
1. Inspection and Monitoring:

>

>

>

Visual Inspection: Check for any visible signs of wear and tear, corrosion,
or leaks in components such as turbines, generators, and dam structures.
Instrumentation Checks: Monitor gauges, sensors, and control systems to
ensure they are functioning correctly.

Vibration Analysis: Perform routine checks on rotating machinery to
identify any unusual vibrations that could indicate potential issues.

2. Mechanical Maintenance:

>

>

>

Turbine Maintenance: Inspect and clean turbine blades, bearings, and
seals. Ensure proper alignment and lubrication.

Generator Maintenance: Check the condition of generator bearings,
windings, and cooling systems.

Gearbox Maintenance: Inspect gearboxes for signs of wear or damage
and ensure proper lubrication.

3. Electrical Maintenance:

>

>

>

Control Systems: Test and calibrate control systems, including PLCs
(Programmable Logic Controllers) and SCADA (Supervisory Control and
Data Acquisition) systems.

Electrical Connections: Inspect and tighten electrical connections and
check for any signs of overheating or damage.

Protective Devices: Test circuit breakers, relays, and other protective
devices to ensure they are functioning properly.

4. Hydraulic System Maintenance:

>

Check Hydraulic Fluids: Monitor the levels and condition of hydraulic
fluids and replace or top up as needed.
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» Inspect Hydraulic Lines: Look for leaks or signs of wear in hydraulic lines
and fittings.
» Test Hydraulic Pumps: Ensure that hydraulic pumps are operating
efficiently and are free of issues.
5. Structural Maintenance:
» Dam Inspection: Examine the dam structure for any signs of cracking,
erosion, or other structural issues.
» Penstock Maintenance: Inspect the penstock (the pipe that channels water
to the turbine) for any damage or blockages.

6. Safety Systems:

» Emergency Systems: Test emergency shutdown systems and alarms to
ensure they are functional.

» Fire Prevention: Inspect fire detection and suppression systems, and ensure
fire extinguishers are in place and serviced.

7. Documentation and Reporting:

» Record Keeping: Document all maintenance activities, observations, and
any issues found. This helps in tracking the plant’s condition and planning
future maintenance.

» Reporting: Communicate any significant findings or concerns to the
appropriate personnel for further action.

maintenance at the hydropower plant.

\@! Practical Activity 1.1.2: Preparing for workplace operations and
[

Tg(® Bl Task:

I

| —

1. After identifying workplace operation and maintenance activities for hydropower plant,
you are asked to prepare the workplace of hydropower plant by performing the following
tasks:

i.  Select tools, materials and equipment to be used in preparation of workplace of

hydropower plant.
ii. Inspect tools, materials and equipment to be used in preparation of workplace of

hydropower plant.
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iii.  Check tools, materials and equipment to be used in preparation of workplace of
hydropower plant.

2. Follow the trainer’s instructions
3. Pay attention on trainer’s demonstration and ask questions for clarification if any.

4. Select, inspect and check tools, materials and equipment to be used in preparation of
workplace of hydropower plant as per trainer’s instructions.

5. Present your work to the trainer and the whole class.

6. Ask questions for clarification where necessary
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A
p Key readings 1.1.2: Preparing for workplace operations and maintenance
at the hydropower plant.

e Criteria used to select tools, materials and equipment in hydropower plant
operation

When selecting tools, materials, and equipment for hydropower plant operation,
several important criteria should be considered to ensure efficient, safe, and
reliable performance. Here’s an outline of the key criteria:

v’ key criteria

4+ Quality and Durability
Safety Standards
Compatibility and Functionality
Efficiency and Precision
Environmental Conditions
Cost and Availability
Ease of Use and Training
Energy Efficiency

Reliability and Performance

-+ F + £ + + + ¥

Vendor Support and Warranty

e PPE
v' Types of PPE:
+ Head Protection
+ Hearing Protection
+ Eye and Face Protection: Respiratory Protection

4+ Hand Protection
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v' Use of PPE:

= @

Head protection Eye protection
Falling or fiying objects, Blowing dust or particies, metal shavings,
overhead objects ackds or caustic liquids, welding light

Hearing protection High-visibllity hat, vest, pants
Loud 100is and machinery, Errant vehicies, distracted drivers
poorly maintained equipment

(g s g s

{ ot

I A %
Chaps pants \‘-, Hand protection
Chainsaws ’ Sharp or hot objects, chemicals

biological or electrical hazards

¥

\ Harness lanyard
Foot tection \
Fallmgp:: rolling objects, N Working more than 6 feet or more
sharp or heavy objects, wet X above a lower level
and slippery surfaces, uneven N\

surfaces, hot surfaces,
electrical hazards
4+ Head Protection: is required for all employees working in areas where there is a
potential danger of head injury from impact, electrical shock or burns, or falling
or flying objects. Examples: helmets, hard hats, bump caps, guards

%+ Hearing Protection: is vital for those working in an environment with high-
sound levels where it’s not feasible to reduce the level of noise or duration of
exposure. Examples of hearing protection include earplugs, noise meters,
acoustic foam, and communications sets.

+ Eye and Face Protection: Eye and face protection is necessary when workers are
exposed to eye or face hazards from liquid chemicals, acids, chemical gases,
molten metal, light radiation, and flying particles. Examples of eye and face PPE
include visors, over specs, eye and face shields, eyewear accessories, safety
glasses, and goggles. Common activities that necessitate the use of eye and face
protection include welding, working with lasers, heavy cutting, the use of gas
under pressure, and the handling of hazardous substances.

4+ Respiratory Protection: Respiratory protection covers a broad range of
equipment that should be used when workers may come into contact with large
amounts of harmful dusts, fogs, mists, fumes, vapors, powders, or gases.
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The goal is to protect the health of your employees by preventing atmospheric
contamination. This type of equipment may include face masks, detectors,
protective hoods, respirators, helmets, and more.

+ Hand Protection: hand protection equipment is necessary to protect your
workers against cuts, lacerations, punctures, abrasions, chemical burns, thermal
burns, and harmful temperature extremes. Common activities that may require
hand protection equipment include working in hot or cold environments,
manually handling sharp objects, and working with hazardous chemicals. Hand
protection equipment may include leather, canvas, metal, coated fabric, and
chemical-resistant gloves.

v" Testing Equipment:
+ Pressure Gauges: For measuring and verifying hydraulic and water pressure.

+ Flow Meters: For measuring water flow rates and ensuring proper flow
conditions.

+ Thermometers and Temperature Sensors: For monitoring temperatures in
various systems.

4+ Calibration Equipment: For ensuring accurate readings and proper
functioning of sensors and instruments.

v" Documentation and Training Materials
4+ Documentation:

» Technical Manuals and Drawings: For equipment installation, operation,
and maintenance procedures.

» Regulatory and Compliance Documents: To ensure adherence to local
regulations and standards.

+ Training Materials:

» Instructional Guides and Training Videos: For educating staff on new
equipment and systems.

» Training Courses: For providing hands-on training in equipment operation
and safety procedures.

By ensuring you have these materials ready, you can facilitate a smooth and
efficient preliminary preparation phase, leading to a successful operational
launch of the hydropower plant.
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Regular checks and updates to this inventory will help adapt to any changes or
additional requirements that arise during this critical phase.

v" Tools

4 Measuring Tools: Tape measures, laser distance meters, level gauges, and
plumb bobs for precise measurements and alignment.

Types of Measuring Tools

¥

Angle Locator  Pressure Gauge Laser Level

Inclinometer Protractor = Measure Square

&g S

Angle Gauge Micrometer Compass

o m\
N\Er 8
¢ QAL

Vernier Caliper Level Tape Measure

4+ Cutting Tools: Saws (hand saws, circular saws, and reciprocating saws), metal

cutters, and pipe cutters for cutting various materials.

. %/T

4+ Hand Tools: Hammers, screwdrivers, pliers, wrenches, and socket sets for general
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assembly and maintenance tasks.

Tools

hammer

handsaw

e——

Y |y

N S
coping saw

head screwdriver

hacksaw

|

bradawl
thread bolt nut o
Wy ! : e tj
’ il chisel
4 M

hail o Washet spanner (BrE) vice {especially BrE)
wrench (especially NAME) vise (especially NAmE)
. @2 6 s
m ’y . JTEITTGL "‘LO
spitlevel o adjustable spanner (BE)

—

scissors penkn"e wire cutters\

pliers

Q monkey wrench (especially NAME)
- ’

toolbox

+ Specialized Tools: Hydraulic tools for lifting and positioning heavy equipment,
and torque wrenches for precise fastening.

Adjustable Digital Torque Wrench
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g
Points to Remember

e Workplace Focus: Operations, maintenance, safety, and management are essential
for hydropower plant efficiency.

e Operational and Maintenance Tasks: Include managing water flow, turbine
operation, and various types of maintenance (preventive, predictive, corrective, and
condition-based).

e Preliminary Activities: System inspections, safety checks, and calibration are
necessary for safe plant function.

e Maintenance Steps: Encompass inspection, mechanical, electrical, hydraulic,
structural tasks, and safety system testing.

e Essential Requirements: Tool quality, PPE, testing equipment, and documentation
are crucial for plant operations.

e Frequent Updates: Regular inventory checks help adapt to evolving plant needs and
requirements.

A Power generation company has installed a hydropower plant near your school to increase

Application of learning 1.1.

to meet the school demand; The company need an operator to prepare an operation
workplace for that hydropower plant, as an operator you are hired to do the following tasks:

a. Identify operation and maintenance activities

b. Select tools, materials and equipment used to prepare the workplace.
C. Check tools, materials and equipment used to prepare the workplace
d. Inspect tools, materials and equipment used to prepare the workplace
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y

U Indicative content 1.2: Checking of Hydropower Plant Equipment Parameters

Duration: 3 hrs

@ [=
q?f?g Theoretical Activity 1.2.1: Identification of hydropower plant equipment

R parameters
-

Things to 0o
: w Tasks:

|»

1: Answer the following questions:

i. List 5 important electrical parameters of hydropower plant.
ii. Outline 2 mechanical parameters of hydropower plant.
iii. Identify pneumatic parameters of hydropower plant.
iv. Mention any 3 hydraulic parameters of hydropower plant.
2: Present the findings to the whole class.
3. Ask questions for more clarification if any
4: Read the key readings 1.2.1

@
(o
Key readings 1.2.1.: Identification of hydropower plant equipment parameters

e Definition
Hydropower plant equipment parameters refer to the technical specifications,
operational settings, and performance metrics that define the functionality and
efficiency of the equipment used in a hydropower plant.

e Types of hydropower plant parameters
There are four types of hydropower plant equipment parameters namely electrical
parameters, mechanical parameters, pneumatic parameters and hydraulic
parameters
v Electrical parameters

Electrical parameters in a hydropower plant are crucial for monitoring and
controlling the generation, transmission, and distribution of electrical power.
These parameters ensure efficient power production, grid stability, and the safe
operation of electrical equipment. Below are the key electrical parameters
relevant to a hydropower plant:

+ Voltage (V)
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» Definition: Voltage is the electrical potential difference between two
points in a circuit, typically measured in volts (V).

» Importance: Voltage regulation is essential to ensure the electricity
produced matches the grid's requirements. Hydropower plants often
generate power at a lower voltage, which is then stepped up by
transformers to transmission levels.

» Typical Range: Low voltage at the generator side (usually between 3.3 kV
to 16.5 kV), and high voltage for transmission (up to 400 kV or more).

+ Current (1)

» Definition: Current is the flow of electric charge in a circuit, typically
measured in amperes (A).

» Importance: Monitoring the current helps to ensure that the generator
and other electrical equipment are operating within safe limits.
Excessive current can lead to overheating and damage.

» Typical Range: The current depends on the plant’s power output and
voltage levels.

4+ Power (P)

» Definition: Power is the rate at which electrical energy is generated or
consumed, typically measured in watts (W), kilowatts (kW), or
megawatts (MW).

» Importance: In hydropower plants, power generation is monitored to
match demand and ensure grid stability. Power is calculated using the
formula: P=VxIxcos(¢p) where cos@ is the power factor.

» Typical Range: Hydropower plants can range from small-scale (a few
kilowatts) to large-scale facilities generating hundreds or even thousands
of megawatts.

+ Frequency (f)

» Definition: Frequency refers to the number of cycles per second in an
alternating current (AC) system, typically measured in hertz (Hz).

» Importance: Maintaining a stable frequency is crucial for synchronizing
with the power grid. In most regions, the standard frequency is either 50
Hz (e.g., Europe, Asia) or 60 Hz (e.g., North America).

» Typical Range: Hydropower plants are designed to maintain a constant
frequency of either 50 Hz or 60 Hz, depending on the grid they serve.

4+ Power Factor (PF)

» Definition: Power factor is the ratio of real power (in watts) to apparent
power (in volt-amperes), indicating the efficiency with which electrical
power is being used. It is represented as a dimensionless number
between 0 and 1.

» Importance: A power factor closes to 1 indicates efficient operation, with
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minimal energy wasted. A low power factor can lead to higher losses in
the transmission system and reduced efficiency.

» Typical Range: Power factors in hydropower plants are typically
maintained around 0.8 to 1.0 to optimize efficiency.

v" Mechanical parameters
In a hydropower plant, mechanical parameters refer to the physical and
mechanical characteristics of the equipment used for power generation,
including turbines, generators, bearings, and other components. These
parameters play a critical role in determining the plant's efficiency, performance,
and operational stability. Below are the key mechanical parameters that are
monitored and controlled in a hydropower plant:
+ Turbine Speed (RPM)

» Definition: The rotational speed of the turbine, typically measured in
revolutions per minute (RPM).

» Importance: The turbine speed directly affects the generator’s
performance and the frequency of the generated electricity. Consistent
speed is required for stable operation.

» Typical Range: Depends on the type of turbine. For example, Pelton
turbines operate at lower speeds (75-150 RPM), while Francis turbines
can reach higher speeds (up to 1000 RPM).
4+ Torque (Nm)

» Definition: The rotational force produced by the turbine, transmitted to
the generator, typically measured in Newton-meters (Nm).

» Importance: Torque determines the mechanical power transmitted from
the turbine to the generator. It plays a key role in the amount of
electricity generated.

» Typical Range: Varies depending on the size and type of turbine, from a
few hundred to several thousand Nm.

+ Hydraulic Head (H)

» Definition: The vertical distance between the water source and the
turbine, measured in meters (m).

» Importance: The hydraulic head determines the potential energy
available to be converted into mechanical energy by the turbine. A higher
head means more energy can be extracted from the water.

» Typical Range: Low-head plants (10-50 meters), medium-head plants
(50-300 meters), and high-head plants (above 300 meters).

+ Flow Rate (Q)

» Definition: The volume of water passing through the turbine per unit of
time, typically measured in cubic meters per second (m3/s).

» Importance: The flow rate affects the amount of mechanical energy
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produced by the turbine. Higher flow rates typically lead to more power
generation.

» Typical Range: Depending on the plant, the flow rate can range from a
few m3/s to over 1000 m3/s in large-scale hydropower plants.
4+ Efficiency of the Turbine (n)

» Definition: The ratio of useful mechanical power output to the hydraulic
power input, expressed as a percentage.

» Importance: A higher turbine efficiency means more energy is converted
into useful mechanical work. Efficiency depends on the type of turbine
and operating conditions.

» Typical Range: 90% or higher for modern turbines under optimal
conditions.

+ Vibration (Vibration Amplitude and Frequency)

» Definition: The oscillation of mechanical components such as turbines,
generators, and bearings, typically measured in millimeters per second
(mm/s) or g-forces (g).

» Importance: Excessive vibrations can lead to mechanical damage, wear,
or failure of components. Monitoring vibration levels ensures the
mechanical health of the equipment.

» Typical Range: Vibration should be kept within the acceptable limits
specified by equipment manufacturers, usually below 3-5 mm/s for
rotating machinery.

4+ Mechanical Power (P)

» Definition: The mechanical energy output from the turbine, typically
measured in watts (W), kilowatts (kW), or megawatts (MW).

» Importance: The mechanical power is transmitted to the generator for
electrical power production. It is directly related to the turbine speed and
torque: P=Txw where T is torque and w: omega, w is the angular velocity
(in radians per second).

» Typical Range: Mechanical power can vary widely, from a few kilowatts in
small plants to several hundred megawatts in large facilities.

+ Water Velocity (v)

» Definition: The speed of water flowing through the turbine, typically
measured in meters per second (m/s).

» Importance: Water velocity affects turbine performance. It needs to be
carefully managed to maximize efficiency and minimize wear on the
turbine blades.

» Typical Range: The water velocity entering the turbine can range from 5
to 30 m/s, depending on the type of turbine and hydraulic head.

+ Guide vane position /Gate Opening or Wicket Gates
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Definition: The position of the guide vanes or wicket gates that control
the flow of water into the turbine, typically expressed as a percentage of
full opening.

Importance: The gate position regulates the water flow and,
consequently, the power output. Proper gate control optimizes efficiency
and prevents turbine overloading.

Typical Range: Gate positions are adjusted based on power demand,
ranging from 0% (closed) to 100% (fully open).

v" Pneumatic parameters

For a hydropower plant, pneumatic systems are essential for controlling various

mechanical components such as guide vanes, wicket gates, and brake systems.

Here are the key pneumatic parameters relevant to hydropower plants:

>

% Air Pressure (P)
Definition: The pressure of the compressed air used in the pneumatic
system, measured in pascals (Pa), bars (bar), or pounds per square inch
(PSI).
Importance: Proper air pressure is essential for the accurate operation of
pneumatic actuators and control valves, influencing the adjustment of
guide vanes and wicket gates.
Typical Range: 6 to 10 bars (600 to 1000 kPa).

+ Air Flow Rate (Q)
Definition: The volume of compressed air flowing through the system,
measured in liters per minute (L/min) or cubic meters per hour (m3/h).
Importance: The flow rate affects the speed and responsiveness of
pneumatic actuators. Adequate flow ensures timely and accurate control
of the system.
Typical Range: 50 to 500 L/min, depending on the system requirements.

+ Air Temperature (T)
Definition: The temperature of the compressed air, measured in degrees
Celsius (°C).
Importance: Maintaining proper air temperature is crucial to prevent
condensation and ensure the efficient operation of pneumatic
components.
Typical Range: 15°C to 40°C.

+ Air Quality (Cleanliness and Moisture Content)
Definition: The quality of the compressed air, including its moisture and
particulate content.
Importance: Clean and dry air prevents damage to pneumatic
components and ensures proper operation. Contaminants can affect
performance and lifespan.
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» Typical Standard: ISO 8573-1 classes for air quality, aiming for Class 2 for

particulates, Class 3 for moisture, and Class 2 for oil content.
+ Response Time

» Definition: The time taken for the pneumatic system to respond to a
control signal, measured in milliseconds (ms) or seconds (s).

» Importance: Faster response times ensure precise and timely
adjustments to control elements.

» Typical Range: 1 to 5 seconds, depending on actuator and system design.

+ Leakage Rate

» Definition: The amount of compressed air lost due to leaks, measured in
liters per minute (L/min).

» Importance: Minimizing leakage is crucial for maintaining system
efficiency and controlling operational costs.

» Typical Range: Ideally less than 1% of the total air flow rate.

4+ Compressor Performance (Power and Capacity)

» Definition: The performance of the air compressor, including power
consumption (kW) and air output capacity (L/min or m3/h).

» Importance: The compressor must provide adequate pressure and flow
while operating efficiently.

» Typical Range: Compressor power ratings can vary from 5 to 50 kW or
more, based on system size.

4+ Brake System Pressure

» Definition: The pressure applied to the braking system of turbines or
generators, measured in bars (bar).

» Importance: Proper brake pressure is essential for safe and effective
control of turbine or generator rotation.

» Typical Range: 6 to 10 bars, depending on system design and
requirements.

v" Hydraulic parameters

In a hydropower plant, several key hydraulic parameters are critical for design,
operation, and efficiency. The following are some most important ones:

+ Flow Rate (Q): The volume of water flowing through the turbine per unit
time, typically expressed in cubic meters per second (m3/s). It directly
affects the power generation capacity.

+ Head (H): The height of the water column above the turbine, measured in
meters. This potential energy is converted to kinetic energy as water
flows down, affecting the power output.

22|Hydropower Plant Operation — Trainee Manual




+ Turbine Efficiency (n): The ratio of the mechanical energy output of the
turbine to the hydraulic energy input, expressed as a percentage. High
efficiency indicates better energy conversion.

4+ Power Output (P): Calculated using the formula P=n-p-g-Q-H, where p is
the water density, g is the acceleration due to gravity, and H is the head.

+ Specific Speed (Ns): A dimensionless parameter that characterizes the
turbine’s design and performance. It helps in selecting the appropriate
turbine type for given flow and head conditions.

+ Reynolds Number (Re): Helps assess the flow regime within the system
(laminar or turbulent) and influences design considerations for hydraulic
components.

4+ Water Level Fluctuation: Variations in reservoir water levels, which can
impact flow rates and, subsequently, power generation capacity.

4+ Losses: Includes head losses due to friction in pipes, bends, and other
components, as well as losses across the turbine and generator.
Understanding these helps optimize system design.

4+ Reservoir Capacity: The volume of water stored in the reservoir, which
impacts the availability of water for power generation.

o
Sé}! Practical Activity 1.2.2: Checking of hydropower plant equipment parameters

o
Th"m i w Task:

—————

1: After identifying hydropower plant equipment parameters, you are requested to use the
appropriate measuring instrument to check the following hydropower plant equipment
parameters:

i.  Electrical parameters

ii.  Mechanical parameters
iii.  Pneumatic parameters
iv.  Hydraulic parameters

2: Follow trainer’s instructions
3: Pay attention on trainer’s demonstration and ask questions for clarification if any.
4: Check the hydropower plant equipment parameters
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5: Present your work to the trainer and the whole class.

6: Ask questions for clarification where necessary

@
©

Key readings 1.2.2: Checking of hydropower plant equipment
parameters

R

+* Checking electrical parameters in a hydropower plant

Checking electrical parameters in a hydropower plant is crucial for ensuring the
efficient and safe operation of the plant’s electrical systems. These parameters
help in monitoring the performance of generators, transformers, circuit breakers,
and other electrical equipment. Here’s a guide on how to check and monitor
these electrical parameters:

1. Voltage

system, including generators, transformers, and distribution lines.
% Tools: Digital multimeter (DMM), voltage testers, or oscilloscopes.
< How to Check:
v’ Set the multimeter to the AC voltage mode.

v/ Connect the probes to the points where voltage measurement is
required.

v’ Read the voltage value from the display.
% Typical Range:

v' Generator output: 11 kV to 25 kV (depending on the generator and
system configuration).

v Transmission lines: 110 kV to 765 kV, depending on the system.
2. Current

< What to Check: Measure the electrical current flowing through conductors,
transformers, and other equipment.

< Tools: Clamp meter, digital multimeter (DMM) with current measurement
capability.

+ How to Check:

v' For a clamp meter, clamp the meter around the conductor without
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disconnecting it.

v" For a DMM, you may need to break the circuit to insert the meter in series
with the load.

v" Read the current value from the display.
< Typical Range:

v' Generator output: 20 A to several thousand amps, depending on
generator capacity and load.

3. Power Factor

B3

»  What to Check: The ratio of real power to apparent power in the system.

B

»  Tools: Power factor meter, multimeter with power factor measurement.

B

» How to Check:
v" Connect the power factor meter to the circuit.
v" Read the power factor value from the display.

% Typical Range: Generally, a power factor close to 1 (or 100%) is desired. Values
less than 0.9 may indicate inefficiencies.

4. Frequency

e What to Check: The frequency of the electrical system, usually measured in
Hertz (Hz).

e Tools: Frequency meter, digital multimeter (DMM) with frequency
measurement capability.

e How to Check:

v' Set the frequency meter to measure the system frequency.
v" Connect the meter to the electrical system.
v' Read the frequency value from the display.
Typical Range: 50 Hz or 60 Hz, depending on the regional power grid standard.
5. Power (Active and Reactive)
What to Check: Active power (real power) and reactive power in the system.

Tools: Power meter, energy analyzer.
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How to Check:
v" Connect the power meter to the circuit.
v Select the measurement mode for active or reactive power.
v" Read the power values from the display.
Typical Range: Depends on the load and system capacity.
% Checking mechanical parameters in a hydropower plant

Checking mechanical parameters in hydropower plant equipment involves a
systematic approach using specific tools, sensors, and testing procedures. Below
are the steps and methods to check key mechanical parameters in hydropower
plant equipment:

1. Turbine Speed (RPM)
. Method:

v' Use a tachometer or speed sensor to measure the rotational speed of
the turbine shaft.

v' Compare the measured RPM with the designed operating speed to
ensure it is within acceptable limits.

¢ Frequency: Continuous monitoring or periodic checks during maintenance.
2. Shaft Vibration
e Method:

v’ Install vibration sensors (accelerometers) on the turbine or generator shaft
to detect vibrations.

v" Use data acquisition systems to record and analyze the vibration spectrum.

v" Compare the readings with established thresholds to detect imbalances,
misalignment, or bearing wear.

e Tools: Vibration analyzers, accelerometers.

. Frequency: Continuous or periodic monitoring, especially after maintenance.
3. Bearing Temperature

. Method:

v Use thermocouples or RTDs (Resistance Temperature Detectors) to
measure bearing temperature.
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4 Install sensors near the bearing housing for real-time monitoring.

v If manual checks are preferred, an infrared thermometer can be used for
spot checks.

Frequency: Continuous monitoring or regular spot checks during inspections.
4. Turbine Inlet Pressure

Method:

4 Install pressure transducers or pressure gauges at the turbine inlet to
measure water pressure.

4 Check readings against operational pressure values to ensure efficient
energy transfer and detect blockages.

Frequency: Continuous monitoring during turbine operation.

5. Governor Performance

Method:

v Use electronic monitoring systems to assess the governor’s ability to control
water flow to the turbine.

v' Monitor response times, overshoot, and system stability using a data
acquisition system.

v Conduct a functional test by adjusting the water flow and monitoring how
the governor adjusts the turbine speed.

. Frequency: Periodic checks during maintenance and routine operations.
6. Axial Thrust
. Method:

v Use load cells or thrust meters installed on the turbine to measure axial
thrust forces.

v' Ensure that the measured thrust is within design limits to avoid excessive
wear on thrust bearings.

. Frequency: Continuous monitoring or scheduled maintenance checks.
7. Rotor-Stator Clearance
e  Method:

v Measure the clearance between the rotor and stator using proximity
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Sensors or gap sensors.

v' Regularly inspect this clearance during maintenance to avoid mechanical
contact, which could cause damage.

. Frequency: Periodic checks, especially after large operational shifts or
maintenance.

8. Cooling System Efficiency
e Method:
v' Measure coolant flow rates using flow meters.

v' Check coolant temperature using temperature sensors before and after it
passes through the system.

v Inspect coolant pipes and valves visually for leaks or blockages.
. Frequency: Continuous monitoring with sensors and periodic visual inspections.
9. Oil Quality and Lubrication

o Method:

v' Collect oil samples and perform an oil analysis to measure viscosity,
contamination levels, and wear particles.

v Install online oil monitoring sensors to detect changes in oil properties in
real time.

v Verify the lubrication system for proper flow and pressure using lubrication
pressure gauges.

e Frequency: Regular oil sampling during scheduled maintenance.
10. Mechanical Brake Performance

e Method:

v Test the operation of the mechanical brake system by simulating
emergency shutdowns.

v' Measure brake actuation time and check for proper engagement.

v Inspect brake pads for wear using wear indicators or manual
inspection.

e Frequency: Periodic testing, especially after significant operations or during
maintenance.
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11. Hydraulic Pressure (for Control Systems)
e Method:

v' Use hydraulic pressure sensors to monitor the pressure in the
hydraulic control systems.

v Perform functional tests by activating hydraulic gates or valves and
verifying response times.

e Frequency: Continuous monitoring or periodic checks.
12. Flow Rate through Turbine
e Method:

v Install flow meters in the water pipelines leading to the turbine to
measure water flow rates.

v' Compare readings with turbine performance curves to ensure optimal
energy conversion.

¢ Frequency: Continuous monitoring during operation or periodic calibration
checks.

13. Alignment and Balance
e Method:

v' Use laser alighment tools to check the alignment between the turbine and
the generator shafts.

v Perform balancing checks using a balancer to ensure that the rotating
components are properly balanced to avoid excess vibration.

. Frequency: During installation, after maintenance, or periodically as part of
preventive maintenance.

14. Noise Levels
o Method:

v Use a sound level meter to measure noise generated by mechanical
equipment.

v' High noise levels can indicate mechanical wear or misalignment in bearings
or rotating parts.

o Frequency: Periodic checks or continuous monitoring in sensitive areas.
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¢ How to check of pneumatic parameter in hydropower plant equipment

To check and monitor pneumatic parameters in hydropower plant equipment, you need
to follow a systematic approach using appropriate tools, instruments, and procedures to
ensure that all pneumatic systems are operating effectively. Here’s a guide on how to
check essential pneumatic parameters:

1. Air Pressure (P)

. Method: Use a pressure gauge installed in the pneumatic circuit to measure the
air pressure. Modern systems might have digital sensors for real-time
monitoring.

e  Procedure:
4 Ensure the system is operational and at normal working conditions.

4 Observe the pressure gauge or digital readout to verify that it meets the
required operating pressure (e.g., in bars or psi).

4 Compare the reading with manufacturer specifications or system design
parameters.

Tools: Mechanical or digital pressure gauge.

2. Air Flow Rate (Q)

Method: Measure the air flow rate using a flow meter designed for pneumatic
systems.

o Procedure:

v Install a flow meter at the output of the air compressor or at key points
in the pneumatic circuit.

4 Measure the volume of air flowing through the system in real time.

4 Ensure that the flow rate matches the operational requirements to
avoid under or overloading the system.

e Tools: Pneumatic flow meter (e.g., rotameter, digital flow meter).
3. Air Quality

e Method: Assess air quality by monitoring for contaminants (moisture, oil, and
particles) using air quality sensors and filters.

e Procedure:

v’ Install air dryers and filters at key points in the air distribution system to
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remove moisture and contaminants.

v Periodically check air filters for clogging or contamination and replace
them when necessary.

v' Use an air quality sensor to detect the presence of oil, moisture, or
particles.

v" Perform routine inspections to ensure the air quality meets the required
standards.

¢ Tools: Air quality sensor, filter status indicator, visual inspections.
4. Response Time

¢ Method: Check the response time using a system diagnostic tool or stopwatch
during operation.

e Procedure:

v' Measure the time taken for pneumatic components (e.g., valves, gates)
to actuate after receiving a signal.

v" Record the delay between signal input and mechanical movement (e.g.,
valve opening/closing).

v' Compare this response time to the system’s specification for quick
actuation.

o Tools: Stopwatch or digital diagnostic tool for pneumatic systems.

5. Compressor Efficiency

. Method: Use a compressor monitoring system to evaluate efficiency.
. Procedure:
4 Monitor the energy consumption of the compressor using an energy
meter.
v Compare the air output (flow rate and pressure) to the energy input to

calculate efficiency.

v Regularly inspect the compressor for wear and tear, as inefficiencies
may develop over time.

e  Tools: Energy meter, performance diagnostic software.
6. Leak Rate

e  Method: Conduct a leak test using an ultrasonic leak detector or soapy water
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solution.

o Procedure:

v Use an ultrasonic leak detector to locate small leaks that are difficult to
hear or see.
4 Alternatively, apply soapy water around joints, fittings, and seals, and

look for bubbling, which indicates air leakage.

4 Measure the air loss in cubic feet per minute (SCFM) if the system has

monitoring sensors for this parameter.
4 Fix leaks immediately to maintain air pressure and system efficiency.
¢ Tools: Ultrasonic leak detector, soapy water solution.
7. Air Consumption

e Method: Use a flow meter or system monitoring software to measure the air
consumption by different components.

o Procedure:

v Install a flow meter at various points in the pneumatic system where air
consumption is critical.

v" Monitor and log the air usage over time to determine if components are
consuming more air than expected.

v' Compare the readings with the manufacturer’s specifications to ensure
proper usage.

e Tools: Flow meter, system-monitoring software.
8. Operating Temperature

e Method: Use a temperature sensor or thermometer to monitor the air
temperature in the system.

e Procedure:

v Install temperature sensors at key points in the air distribution system,
particularly near the compressor and critical valves.

v Ensure that the air temperature remains within the recommended range to
avoid damaging pneumatic components.

v' Monitor for overheating, especially near compressors and in high-pressure
areas.
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¢ Tools: Digital temperature sensors, infrared thermometers.

X/
°e

Additional Tips for Checking Pneumatic Parameters:

e Regular Monitoring: Implement continuous or regular monitoring using
automated systems that provide real-time data on pressure, flow rate, and air
quality.

¢ Maintenance Schedule: Establish a preventive maintenance routine to check
pneumatic parameters, replace filters, and inspect for leaks and wear on a set
schedule.

o Data Logging: Use data loggers to track changes in pneumatic parameters over
time to detect trends or anomalies that could indicate system issues.

¢ Calibration: Ensure that all instruments (e.g., pressure gauges, flow meters) are
regularly calibrated for accuracy.

By following these methods and using the appropriate tools, you can ensure that the
pneumatic systems in a hydropower plant are functioning efficiently and reliably.

g
Points to Remember

o Electrical Parameters: Voltage, current, frequency, and power factor are critical for
efficient generation and grid stability.

e Mechanical Parameters: Include turbine speed, vibration, hydraulic head, and flow
rate to ensure performance.

e Pneumatic Parameters: Air pressure, flow rate, and compressor efficiency are crucial
for system control.

e Hydraulic Parameters: Flow rate, head, and turbine efficiency impact power
generation.

e Monitoring and Maintenance: Regular checks ensure optimal performance and
safety.

e Optimization: Tracking losses and parameter variations improves system efficiency.
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A Power generation company has installed a hydropower plant near your school to increase
the generated power in order to meet the school demand; The campany need an operator
to check hydropower plant equipment parameters, as an operator you are hired to check
the following parameters:

Application of learning 1.2.

Electrical parameters

a

b. Mechanical parameters
c. Pneumatic parameters
d

Hydraulic parameters
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@ Indicative content 1.3: Analysis of Hydropower Plant Equipment Functionality
Duration: 3 hrs

Q=
O’E Theoretical Activity 1.3.1: Identification of hydropower plant equipment

R functionality
y -2

}h\ng: 100

j Tasks:

1: Answer the following questions:

i. Identify the working conditions of Pneumatic equipment
ii. ldentify the working conditions of Electrical equipment
iii.  Identify the working conditions of Hydraulic equipment
iv.  Identify the working conditions of electronic equipment

2: Present the findings to the whole class.
3. Ask questions for more clarification if any

4: Read the key readings 1.3.1

A

w Key readings 1.3.1.: Identification of hydropower plant equipment
functionality

< Hydropower plant component

Hydropower plants utilize a combination of electrical, mechanical, pneumatic, and
hydraulic equipment to convert the energy of flowing water into electricity.

Here's an overview of the key components in each category:

1. Electrical Equipment

v' Generators: Convert mechanical energy from turbines into electrical
energy.
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v" Transformers: Step up or step down voltage levels for efficient
transmission.

v' Switchgear: Controls and protects electrical equipment by managing the
flow of electricity.

v" Control Systems: Automated systems that monitor and control plant
operations, including water flow and generation output.
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2. Mechanical Equipment

v Turbines: Convert the kinetic energy of water into mechanical energy. Common
types include:

4 Francis Turbines: Suitable for a wide range of heads and flows.

4+ Shafts: Transmit mechanical energy from the turbine to the generator.
4+ Bearings: Support rotating shafts and reduce friction.
3. Pneumatic Equipment
» Air Compressors: May be used for various applications such as controlling gate
mechanisms or other auxiliary systems.

» Pneumatic Actuators: Used in controlling valves or other equipment that require
quick and reliable actuation.

4. Hydraulic Equipment
» Hydraulic Turbines: As mentioned above, convert hydraulic energy into
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mechanical energy.

» Hydraulic Gates and Valves: Control water flow and levels in the reservoir and
penstocks.

» Hydraulic Pumps: Can be used in some systems for auxiliary functions, such as in
pumped storage plants.

» Hydraulic Control Systems: Manage the operation of hydraulic equipment,
ensuring efficiency and safety.

e Integration

These systems work together to optimize the generation of electricity. Water flows
through the turbine, spinning it to drive the generator, while control systems
manage operations, ensuring that everything runs smoothly and efficiently. The
interplay between hydraulic forces and mechanical components is crucial in
maximizing energy conversion and maintaining operational stability.

Understanding each component's role helps in the effective design, operation, and
maintenance of hydropower plants.

e Working conditions of Pneumatic equipment

Pneumatic equipment in a hydropower plant is used for various purposes, including
controlling gates, valves, turbines, and other mechanical systems. The equipment is
essential for maintaining smooth operations and ensuring safety. Its functionality
depends on several factors related to the working conditions. Here’s an overview of
how different working conditions can affect the performance of pneumatic systems in
hydropower plants:

1. Air Quality

» Cleanliness: The air used in pneumatic systems must be clean and free of
moisture, oil, or dust particles. Impurities can cause wear and tear,
clogging, or malfunctioning of valves, actuators, and other components.

» Moisture: Excess moisture can lead to corrosion and freezing in colder
climates, affecting system performance. Air dryers and filters are often
used to condition the compressed air before it enters the system.

» Lubrication: Inadequate lubrication of pneumatic components can lead to
friction and premature wear.

2. Pressure Stability

» Pressure Regulation: Pneumatic equipment relies on consistent pressure to
operate efficiently. Sudden drops or spikes in air pressure can lead to
malfunctioning actuators or valves, leading to operational issues.

» Pressure Control: Proper regulators, pressure switches, and control
systems are necessary to maintain optimal working pressure.
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3. Temperature Variations

» Ambient Temperature: Extreme temperatures can affect the performance
of pneumatic components. Low temperatures can cause the freezing of
condensed water, while high temperatures can lead to overheating or
drying of lubricants, resulting in increased wear.

» Thermal Expansion: Rapid temperature changes can cause materials to
expand or contract, impacting seals and causing leaks or misalignment in
moving parts.

4. Vibration and Mechanical Stress

Hydropower plants often experience vibrations from turbines and other rotating
equipment. Excessive vibrations can cause mechanical stress on pneumatic lines
and components, leading to fatigue failure, disconnection, or cracks in piping and
fittings.

Adequate support and damping systems are necessary to mitigate the effects of
vibrations on pneumatic equipment.

5. Corrosion and Environmental Exposure

» Humidity and Water: Since hydropower plants are often located in damp
environments, pneumatic equipment is at risk of corrosion due to exposure
to water and high humidity. This is especially true for metal components
like pipes and fittings, which can degrade over time if not properly
maintained.

» Corrosion Prevention: Corrosion-resistant materials (such as stainless steel
or coated components) and regular maintenance can help mitigate this risk.

6. Maintenance and Wear

» Maintenance Cycles: Proper maintenance schedules, including inspections,
filter replacements, and lubrication, are crucial to ensure that the
pneumatic system operates efficiently.

» Component Wear: Actuators, valves, and other moving parts are prone to
wear over time due to repeated cycles. Wear and tear on these parts can
affect the overall efficiency and reliability of the system.

7. Control System Integration

» Automation: Pneumatic equipment is often integrated with control
systems for automated operation of gates and turbines. The reliability of
these control systems is essential for ensuring the proper functioning of the
pneumatic components.

» Signal Integrity: The communication between the pneumatic control and
the overall plant control system must be clear and reliable. Faults in the
control signals can lead to improper actuation of valves and other
components.
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8. Energy Supply and Efficiency

» Compressed Air Supply: The efficiency of the pneumatic system largely
depends on the availability of a reliable compressed air supply. Problems
with the air compressor, such as overheating, underperformance, or poor
maintenance, can negatively impact the system’s overall functionality.

» Energy Consumption: Pneumatic systems require energy to compress air,
and optimizing the system for energy efficiency helps reduce operational
costs. Leaks, pressure drops, or undersized equipment can lead to
inefficiencies.

e Working conditions of Electrical equipment
The functionality of electrical equipment in a hydropower plant is critical for power
generation, control, protection, and distribution. Electrical systems are exposed to
various environmental and operational conditions that can affect their
performance and reliability. Below are the key working conditions affecting the
functionality of electrical equipment in a hydropower plant:
1. Temperature and Humidity

» Ambient Temperature: Electrical equipment, such as generators,
transformers, switchgear, and control systems, are sensitive to
temperature changes. High temperatures can lead to overheating of
components, insulation breakdown, and reduced equipment lifespan. Low
temperatures, on the other hand, can cause condensation, which may lead
to corrosion and electrical faults.

» Humidity: Hydropower plants are often located near water bodies, where
humidity levels can be high. High humidity can lead to moisture
accumulation inside electrical enclosures, which can cause short circuits,
insulation failure, and corrosion of electrical connections.

» Mitigation Measures: Temperature control through ventilation, cooling
systems, and dehumidifiers is essential to maintain safe operating
conditions. Proper insulation, sealing, and moisture-resistant materials are
also used to protect sensitive components.

2. Electrical Load and Overload Conditions

» Load Fluctuations: The electrical load in a hydropower plant can fluctuate
due to variations in power demand or changes in water flow. Frequent load
changes can stress generators, transformers, and other power equipment,
potentially leading to overheating or mechanical stress.

» Overload: If electrical equipment operates beyond its rated capacity, it can
result in excessive heating, insulation breakdown, and potential equipment
failure. For example, overloaded transformers may experience reduced
efficiency and a higher risk of fire.

Mitigation Measures: Proper load management, real-time monitoring, and
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protective devices such as relays and circuit breakers are used to ensure that
electrical equipment operates within its design limits. Load-sharing between
generators and transformers can help prevent overload.

3. Vibration and Mechanical Stress

» Vibration from Turbines: Hydropower plants involve large rotating
machinery like turbines, which generate significant vibrations. These
vibrations can be transferred to nearby electrical equipment, such as
generators, control panels, and switchgear.

» Mechanical Stress: Continuous vibrations and mechanical stresses can
loosen electrical connections, damage sensitive electronic components, or
cause misalignment in rotating equipment.

Mitigation Measures: Equipment should be installed on vibration-dampening
mounts, and regular inspections should be conducted to detect loose connections
or misalignments. Proper shielding and reinforcement of electrical cables are
essential to minimize stress.

4. Voltage Stability and Transients

» Voltage Fluctuations: Inconsistent voltage levels can cause damage to
electrical equipment. Voltage drops can reduce efficiency, while voltage
surges or spikes can damage insulation, cause arcing, and damage sensitive
control systems.

» Electrical Transients: Fast voltage changes or transients, often caused by
switching operations, lightning strikes, or system faults, can damage
electrical equipment and lead to malfunction.

Mitigation Measures: Surge protection devices (SPDs), voltage stabilizers, and
transient suppressors are commonly used to protect electrical equipment from
voltage fluctuations and transients. Proper grounding is also essential to prevent
damage.

5. Corrosion and Environmental Exposure

» Corrosive Environments: In hydropower plants, electrical equipment is
often exposed to water, humidity, and sometimes corrosive gases from
nearby processes. Over time, this can lead to corrosion of electrical
contacts, wiring, and metallic enclosures.

» Water Ingress: Equipment located near water sources, such as generators
and turbines, is at risk of water ingress, which can cause short circuits or
insulation damage.

Mitigation Measures: Corrosion-resistant materials (e.g., stainless steel
enclosures), protective coatings, and regular maintenance are necessary to reduce
corrosion risks. Sealed and waterproof enclosures are used to prevent water
ingress into critical electrical equipment.

6. Insulation and Dielectric Strength

41 |Hydropower Plant Operation — Trainee Manual




» Insulation Degradation: Over time, the insulation used in generators,
transformers, and other electrical equipment can degrade due to exposure
to heat, moisture, and mechanical stress. Poor insulation can lead to short
circuits, arcing, and equipment failure.

» Dielectric Strength: The ability of insulating materials to withstand
electrical stress decreases with aging or environmental factors like humidity
and contamination. Equipment that relies on high voltage insulation, such
as transformers, is particularly vulnerable.

Mitigation Measures: Regular testing and monitoring of insulation health (using
techniques such as insulation resistance testing) are essential. Use of high-quality
insulation materials and scheduled replacements ensure equipment safety.

7. Maintenance and Wear

» Wear and Tear: Continuous operation of electrical equipment over time
can lead to wear and tear, especially in moving parts such as circuit
breakers, relays, and control systems. Poor maintenance can result in
reduced efficiency, increased downtime, or safety hazards.

» Aging Infrastructure: Many hydropower plants operate for decades, and as
equipment ages, it becomes more prone to failure. Obsolete equipment
may also lack modern protection features.

Mitigation Measures: Scheduled preventive maintenance, regular inspections, and
timely upgrades of aging equipment are vital to ensure safe and reliable operation.
Condition monitoring systems can provide early warnings of potential issues.

8. Control Systems and Automation

» Control System Reliability: Modern hydropower plants rely on automated
control systems for monitoring and adjusting various operational
parameters. These systems must operate reliably to ensure the proper
functioning of electrical equipment. Electrical interference or faults in
control systems can lead to improper operation or failure of equipment.

» Signal Integrity: Electrical noise or electromagnetic interference (EMI) can
affect control signal accuracy, leading to false readings or incorrect
actuation of control systems.

Mitigation Measures: Shielded cables, proper grounding, and noise suppression
techniques are essential for protecting control systems from electrical
interference. Redundant systems and backup power supplies ensure continued
operation during power disruptions.

9. Protection and Safety Systems

» Protection Relays and Circuit Breakers: Electrical protection devices like
relays and circuit breakers are critical for safeguarding equipment from
faults such as short circuits, overcurrent, or grounding faults. Inadequate or
malfunctioning protection devices can result in equipment damage, fire
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hazards, or safety risks to personnel.

» Grounding: Proper grounding is essential to prevent equipment damage
from electrical faults and ensure safety for plant personnel.

Mitigation Measures: Routine testing and calibration of protection systems are
crucial. Ground fault detection systems, lightning protection, and surge arrestors
help safeguard electrical systems from faults.

10. Power Quality and Harmonics

» Harmonics: Harmonics in the electrical system can distort the power
waveform and result in inefficiencies, overheating, or damage to sensitive
equipment such as transformers and control systems.

» Power Quality: Poor power quality, including voltage sags, swells, or
frequency variations, can adversely affect the performance of generators,
inverters, and other equipment in the power grid.

Mitigation Measures: Power quality monitoring systems can detect issues early.
Harmonic filters, voltage stabilizers, and reactive power compensation systems
help improve power quality.

Working conditions of Hydraulic equipment

Hydraulic equipment plays a vital role in the operation of hydropower plants,
particularly in the control and regulation of water flow, turbines, gates, and other
mechanical components. The functionality of hydraulic systems is influenced by a
variety of working conditions, which can affect performance, reliability, and
longevity. Below are the key working conditions affecting the functionality of
hydraulic equipment in a hydropower plant:

1. Hydraulic Fluid Quality

» Cleanliness: Hydraulic systems rely on clean hydraulic fluid to function
properly. Contaminants like dirt, water, and metal particles can cause wear
on pumps, valves, actuators, and seals. Contaminated fluid can lead to
system failure or reduced performance.

» Fluid Condition: The hydraulic fluid must be of the correct type and
viscosity for the system's operating conditions. Improper viscosity can
cause poor lubrication, overheating, or sluggish response. Over time,
hydraulic fluid can degrade, losing its lubricating and anti-corrosive
properties.

Mitigation Measures: Regular fluid testing, filtration, and timely replacement are
essential to ensure fluid quality. Using appropriate filters and maintaining a clean
hydraulic reservoir will help prevent contamination.

2. Pressure Stability and Regulation

» Pressure Fluctuations: Hydraulic systems operate under high pressure, and
fluctuations in pressure can affect performance. Too high a pressure can
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lead to leaks, burst hoses, or damage to components. Low pressure can
cause slow response times, insufficient force generation, or failure to
operate.

» Pressure Spikes: Pressure surges can occur during sudden operational
changes, such as when gates or turbines are abruptly opened or closed.
These spikes can damage hoses, seals, and other components.

Mitigation Measures: Pressure relief valves, accumulators, and proper control
systems are used to stabilize pressure and prevent damage from surges. Regular
inspection of hoses, seals, and connectors is necessary to ensure system integrity.
3. Temperature Control

» High Temperatures: Excessive heat can degrade hydraulic fluid, reduce the
efficiency of pumps, and lead to the failure of seals, hoses, and other
components. High temperatures can also cause thermal expansion of metal
parts, leading to misalignment or leaks.

» Low Temperatures: In cold environments, hydraulic fluid can thicken,
reducing flow rates and slowing response times. Freezing temperatures can
also cause water contamination in the hydraulic system to freeze,
potentially damaging components.

Mitigation Measures: Hydraulic systems often incorporate cooling systems, such
as heat exchangers or cooling fans, to manage temperature. In colder climates,
heating elements or the use of low-temperature hydraulic fluids may be necessary.
Maintaining proper ventilation in the plant also helps in temperature regulation.

4. Load and Mechanical Stress

» Heavy Loads: Hydraulic equipment in hydropower plants, such as gates,
turbines, and valves, often operates under heavy loads. This can put stress
on actuators, cylinders, and other moving parts, leading to mechanical wear
or failure.

» Shock Loads: Sudden changes in load, such as the rapid closing of a gate or
stopping of a turbine, can create shock loads in the hydraulic system. These
loads can cause spikes in pressure and mechanical stress, leading to
component damage.

Mitigation Measures: Properly designed hydraulic circuits with shock absorbers,
dampers, and pressure accumulators can help mitigate the effects of load changes.
Regular inspection and maintenance of hydraulic cylinders and actuators can
prevent wear-related failures.

5. Vibration and Mechanical Wear

» Vibration from Turbines: Hydropower turbines generate significant
vibrations during operation, which can transfer to nearby hydraulic
systems. This can cause loosening of fittings, wear of seals, and stress on
hydraulic lines.
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» Mechanical Wear: The moving parts of hydraulic systems, such as pistons,
actuators, and valves, are subject to mechanical wear over time, especially
if operating under heavy loads or in high-vibration environments.

Mitigation Measures: |Installing vibration-dampening mounts and regularly
inspecting for signs of mechanical wear can prevent failure. Routine lubrication
and maintenance of moving parts are also essential to reduce wear and extend
equipment life.

6. Seals, Hoses, and Connections

» Seal Degradation: Hydraulic systems rely on seals to maintain pressure and
prevent fluid leaks. Over time, seals can degrade due to exposure to heat,
pressure, and contamination. Worn or damaged seals can lead to fluid
leaks, loss of pressure, and system inefficiency.

» Hose Wear: Hydraulic hoses are subject to wear from pressure cycles,
vibrations, and environmental factors such as exposure to water, oil, and
chemicals. Worn hoses can rupture, causing leaks and loss of hydraulic
power.

» Connections: Fittings and connections can loosen over time due to
vibration and pressure changes, leading to leaks or loss of efficiency.
Mitigation Measures: Regular inspection and replacement of seals, hoses, and
connections are necessary to maintain system integrity. Using high-quality, durable
materials can extend the life of these components.

7. Water and Contamination

» Water Ingress: In hydropower plants, hydraulic equipment is often located
near water, making it susceptible to water ingress. Water in the hydraulic
fluid can cause rust, corrosion, and reduced lubrication, leading to system
failure.

» Contamination: Hydraulic systems are vulnerable to contamination from
particles, oil, water, or dirt, which can enter the system through damaged
seals, faulty filters, or improper maintenance practices.

Mitigation Measures: Using water-resistant seals, keeping the hydraulic system
well maintained, and employing high-efficiency filtration systems can prevent
water ingress and contamination. Regular oil analysis and fluid changes help
identify contamination early.

8. Corrosion and Environmental Exposure

» Corrosion: Hydraulic equipment is exposed to humid and wet environments
in hydropower plants. Corrosion of metal components, such as valves,
cylinders, and actuators, can lead to leaks, mechanical failure, and reduced
efficiency.

» Environmental Factors: Exposure to harsh environmental conditions,
including water spray, high humidity, or aggressive chemicals, can cause
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deterioration of hydraulic components.
Mitigation Measures: Using corrosion-resistant materials, protective coatings, and
proper environmental sealing can extend the lifespan of hydraulic equipment.
Regular inspection for signs of corrosion is essential to prevent equipment failure.
9. Control System Integration

» Automation and Control: Hydraulic systems in hydropower plants are often
integrated with automated control systems for regulating gates, turbines,
and other equipment. The reliability of these control systems is crucial for
proper hydraulic operation.

» Signal Integrity: Hydraulic control signals must be accurate and timely for
efficient operation. Any issues with signal transmission, such as electrical
interference or faulty sensors, can lead to improper actuation of hydraulic
components.

Mitigation Measures: Redundant control systems, regular testing of sensors, and
proper calibration of actuators help ensure reliable system performance. Shielded
cables and proper grounding reduce the risk of signal interference.

10. Maintenance and Wear

» Preventive Maintenance: Hydraulic systems require regular maintenance to
ensure smooth operation. This includes inspecting and replacing worn
parts, cleaning or replacing filters, and monitoring fluid levels and quality.

» Component Wear: Over time, hydraulic pumps, actuators, valves, and other
components experience wear due to repeated cycles and heavy loads. Early
detection of wear can prevent catastrophic failures.

Mitigation Measures: A comprehensive preventive maintenance program,
including regular inspections, testing, and condition monitoring, helps identify
potential issues before they result in failures. Predictive maintenance techniques,
such as vibration analysis and fluid condition monitoring, are also useful in
preventing unexpected downtime.

e Working conditions of Electronic equipment
Electronic equipment in hydropower plants plays a crucial role in controlling,
monitoring, and optimizing the entire power generation process. This includes
systems like sensors, programmable logic controllers (PLCs), control panels, and
protection devices that ensure efficient operation. The functionality of this
electronic equipment is influenced by several working conditions, and proper
management of these conditions is essential to maintain reliability and efficiency.
Below are key factors affecting the functionality of electronic equipment in a
hydropower plant:
1. Temperature and Humidity

» Temperature Sensitivity: Most electronic components are sensitive to
temperature extremes. High temperatures can cause overheating, leading
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to component degradation, malfunction, and even permanent damage.
Conversely, low temperatures can cause problems like condensation, which
may result in short circuits.

» Humidity and Moisture: Hydropower plants are typically located near large
water bodies, where humidity is often high. Excessive moisture can
penetrate electronic enclosures, leading to corrosion of circuit boards,
short circuits, or malfunction of sensitive components.

Mitigation Measures:

Install cooling or ventilation systems to manage high temperatures.

Dehumidifiers and sealed, moisture-resistant enclosures can protect against
condensation and high humidity.

Use ruggedized components designed to operate in extreme temperatures.

2. Vibration and Mechanical Stress

» Vibration from Turbines: The operation of hydropower turbines generates
significant vibrations, which can be transferred to electronic equipment.
Prolonged exposure to vibrations can damage solder joints, connectors, and
circuit boards, leading to failures in sensitive devices.

» Mechanical Stress: Equipment located near moving parts like gates,
turbines, or pumps may experience mechanical stress, causing loosening of
connections, cracks in printed circuit boards (PCBs), or damage to
electronic components.

Mitigation Measures:

Use shock-absorbing mounts and vibration-dampening materials for equipment
installation.

Regularly inspect and tighten connections in electronic systems to prevent
loosening due to vibrations.

Use rugged, vibration-resistant enclosures for critical electronic systems.

3. Electromagnetic Interference (EMI) and Electrical Noise

» EMI from Electrical Equipment: Hydropower plants contain large electrical
machines like generators, transformers, and switchgear, which can produce
electromagnetic interference (EMI). This interference can disrupt the
operation of nearby electronic equipment, especially communication and
control systems.

» Electrical Noise: Noise from power fluctuations, switching operations, and
fast transient events can interfere with sensitive electronic systems.
Electrical noise can affect sensor readings, disrupt control signals, and
cause malfunctions in PLCs or communication networks.

Mitigation Measures:
Shield cables and sensitive electronic equipment to protect against EMI.
Implement proper grounding techniques to minimize electrical noise.
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Install filters and surge suppressors to protect electronic devices from voltage
spikes and transients.

Use fiber-optic cables for communication to avoid EMI issues in signal
transmission.

4. Power Supply Quality and Stability

» Voltage Fluctuations: Electronic equipment is highly sensitive to changes in
voltage levels. Voltage fluctuations, including dips and surges, can cause
malfunctions, reduce performance, or even lead to permanent damage to
sensitive components.

» Power Outages: Unstable power supply or frequent outages can disrupt the
operation of control and monitoring systems, leading to downtime or
incorrect operation of critical equipment.

» Harmonics and Power Disturbances: Distorted waveforms (harmonics) or
sudden changes in power flow can affect the stability of electronic
equipment, leading to reduced performance or malfunction.

Mitigation Measures:

Use uninterruptible power supplies (UPS) to ensure continuous operation of critical
systems during outages or power fluctuations.

Install voltage stabilizers, surge protectors, and harmonic filters to protect sensitive
electronic systems from power quality issues.

Implement proper grounding and use power conditioning devices to maintain
stable power supply.

5. Corrosion and Environmental Exposure

» Corrosive Environments: Hydropower plants, being near water, can expose
electronic equipment to corrosive elements like water, humidity, and
potentially chemical contaminants. Corrosion of circuit boards, connectors,
and other sensitive components can result in system failure.

» Environmental Conditions: Dust, dirt, and water spray can cause damage to
electronic systems, especially those located in open or semi-enclosed
spaces near turbines and gates.

Mitigation Measures:

Use corrosion-resistant materials and protective coatings on electronic enclosures
and components.

Install electronics in sealed, waterproof, and dustproof enclosures (such as IP-rated
enclosures) to protect against environmental exposure.

Regularly clean and inspect electronic equipment to remove contaminants and
prevent corrosion.

6. Signal Integrity and Communication Systems

» Signal Transmission Quality: Electronic systems, especially sensors and
control devices, rely on clear and accurate signal transmission. Signal
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degradation or interference can lead to incorrect readings or poor control
performance.

» Data Communication: Control and monitoring systems in hydropower
plants often rely on communication networks for data transfer. Poor signal
integrity, loss of communication or delays can affect system coordination
and lead to operational issues.

Mitigation Measures:

Use shielded cables, fiber optics, or wireless communication systems designed for
industrial environments to prevent signal degradation.

Employ error-checking protocols, redundancy in communication paths, and real-
time monitoring of communication networks to ensure data integrity.

7. Maintenance and Wear

» Component Aging: Over time, electronic components like capacitors, relays,
and transistors can wear out or fail due to repeated cycles or exposure to
environmental factors.

» Firmware and Software Updates: Many modern electronic control systems
rely on software or firmware for operation. Outdated software or firmware
can lead to bugs, reduced performance, or security vulnerabilities.

Mitigation Measures:

Implement a regular maintenance schedule, including inspection, testing, and
replacement of worn components.

Periodically update firmware and software to improve performance, address bugs,
and enhance system security.

Use condition monitoring tools to detect potential failures in electronic
components before they result in downtime.

8. Control System Reliability and Automation

» Automation Systems: Hydropower plants use automation systems to
control gates, turbines, and auxiliary systems. These rely on electronic
equipment like PLCs and SCADA systems for monitoring and control. Any
malfunction in the control system can lead to operational inefficiencies or
safety hazards.

» Fault Tolerance: The ability of control systems to handle faults without
disrupting operation is critical in hydropower plants. Failure in critical
sensors, controllers, or communication devices can result in loss of
operational control.

Mitigation Measures:

Redundant control systems and fail-safe mechanisms ensure continuous operation
in the event of a fault.
Regularly test control systems and backups to ensure fault tolerance.
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Employ predictive maintenance and diagnostic tools to monitor system health and
preemptively address issues before they lead to failures.
9. Lightning and Surge Protection

» Lightning Strikes: Hydropower plants are often located in open, elevated
areas, making them more susceptible to lightning strikes. These strikes can
cause power surges that damage electronic equipment, communication
systems, and control systems.

» Electrical Surges: Electrical surges from switching operations or faults in the
power grid can also damage sensitive electronic components.

Mitigation Measures:

Install lightning protection systems, including surge protectors and grounding
systems, to protect electronic equipment.

Use surge suppression devices at all entry points to critical electronic systems,
including power and communication lines.

10. Human Error and Operational Issues

» Improper Handling: Mishandling or improper maintenance of electronic
equipment can result in damage or failure, particularly in complex systems
like PLCs, sensors, or control systems.

» Training and Skill Levels: The skill level of personnel operating and
maintaining electronic systems is crucial. Inadequate training can lead to
incorrect operation, resulting in system malfunctions or inefficiencies.

Mitigation Measures:

Ensure that personnel are properly trained in the operation and maintenance of
electronic systems.

Develop clear operational procedures and safety protocols to minimize the risk of
human error.

Use diagnostic tools and remote monitoring systems to assist operators in
identifying and troubleshooting issues.

» ]
! Practical Activity 1.3.2: Analysing of equipment functionality in Hydropower

) Plant.
:{hinas fo Du\] Task:

—————

1: Referring to activity 1.3.1, You are requested to perform the following tasks:
i.  Analyse the operating conditions of the pneumatic equipment in the hydropower
plant.
ii. Examine the operating conditions of the electrical equipment in the hydropower
plant.
iii.  Assess the operating conditions of the hydraulic equipment in the hydropower plant.
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iv.  Evaluate the operating conditions of the electronic equipment in the hydropower
plant.

2: Follow trainer’s instructions

3: Pay attention on trainer’s demonstration and ask questions for clarification if any.
4: Check the working conditions of hydropower plant equipment

5: Present your work to the trainer and the whole class.

6: Ask questions for clarification where necessary

@
¢
Key readings 1.3.2: Analysing of equipment in Hydropower Plant.
v" Working Conditions of Pneumatic Equipment

Pneumatic equipment in hydropower plants is crucial for various functions,
including actuation and control systems. Key working conditions include:

+ Pressure Stability: Pneumatic systems rely on consistent pressure. Fluctuations
can affect performance and responsiveness.

+ Temperature Control: Extreme temperatures can affect air density and system
efficiency. Cooling or heating systems may be needed.

+ Moisture Levels: High humidity can lead to condensation in air lines, affecting
performance and causing corrosion.

+ Leak Detection: Regular checks are essential to identify leaks, which can reduce
system efficiency and pressure.

+ Maintenance Practices: Regular inspections and maintenance are necessary to
ensure components like filters, hoses, and valves are functioning correctly.

v" Working Conditions of Electrical Equipment

Electrical equipment is critical for control, monitoring, and power distribution in
hydropower plants. Important working conditions include:

+ Voltage Stability: Electrical equipment must operate within specified voltage
ranges to avoid damage and ensure reliability.

+ Environmental Protection: Electrical components should be shielded from
moisture, dust, and corrosive elements to prevent failures.
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+ Thermal Management: Effective cooling systems are necessary to prevent
overheating, which can lead to component failure.

+ Electromagnetic Interference (EMI): Measures should be in place to minimize
EMI, which can disrupt the functioning of sensitive electronic devices.

+ Regular Testing and Maintenance: Periodic testing of transformers, circuit
breakers, and switchgear is vital to ensure operational integrity.

v" Working Conditions of Hydraulic Equipment

Hydraulic systems are essential for controlling gates, valves, and turbines in
hydropower plants. Key working conditions include:

+ Fluid Quality: The hydraulic fluid must be clean and at the appropriate viscosity.
Contaminated fluid can lead to system failure.

+ Pressure Control: Maintaining stable pressure is critical. Pressure spikes or
drops can cause damage to components.

+ Temperature Management: Excessive heat can degrade fluid and components,
while low temperatures can thicken fluid and slow operations.

+ Seal and Hose Integrity: Regular inspections are needed to prevent leaks and
ensure the reliability of hoses and seals.

+ Load Conditions: Hydraulic systems often operate under heavy loads. Proper
design and maintenance are crucial to handle these stresses effectively.

v" Working Conditions of Electronic Equipment

Electronic equipment in hydropower plants is vital for automation, monitoring,
and data acquisition. Key working conditions include:

+ Temperature and Humidity: Electronics must operate within specific
temperature ranges, and high humidity can lead to moisture-related failures.

+ Signal Integrity: Clear and accurate signal transmission is essential for proper
operation. Interference can lead to errors.

+ Power Quality: Stable power supply is critical; fluctuations can cause
malfunctions or damage sensitive components.

+ Regular Calibration: Sensors and instrumentation require regular calibration to
ensure accurate readings and performance.

+ Software Updates and Maintenance: Keeping software and firmware up-to-
date is crucial for security and operational efficiency.
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Points to Remember

g

gﬂ

Electrical Parameters: Voltage, current, frequency, and power factor are essential
for efficient generation and grid stability.

Mechanical Parameters: Include turbine speed, vibration, hydraulic head, and flow
rate for optimal performance.

Pneumatic Equipment: Stable pressure, temperature control, and regular
maintenance are key for efficiency.

Hydraulic Equipment: Requires consistent pressure, fluid quality, and regular
inspection for reliability.

Electronic Equipment: Must manage temperature, power quality, and regular
calibration for accuracy.

Monitoring and Maintenance: Routine checks and system monitoring ensure safety
and operational integrity.

Application of learning 1.3.

A power generation company has installed a hydropower plant near your school to increase

the generated power in order to meet the school demand; The company need an operator

to analyse the working condition of hydropower plant equipment, as an operator you are

hired to analyse the following equipment functionality:

o o T o

Electrical equipment
Mechanical equipment
Pneumatic equipment
Hydraulic equipment
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\-/ Indicative content 1.4: Recording of Hydropower Plant Equipment Parameters

Duration: 2 hrs

&
‘1 Practical Activity 1.4.1: Record hydropower plant equipment parameters

o "‘6
ngs to Do
. w Task:

e—

1: Based on the activity 1.3.2 you are asked to perform the following tasks

a. Record electrical parameter of hydropower plant equipment
b. Record mechanical parameters of hydropower plant equipment
2: Follow instructions
3: Observe the recording process of hydropower plant equipment parameters and ask
guestions for clarification if any.
4: Record electrical and mechanical equipment parameters of the hydropower plant
5: Present your work to the trainer and the whole class. Ask for clarification where
necessary
6: Read the key readings 1.4.1 in trainee manual

@
e
Key readings 1.4.1: Record hydropower plant equipment parameters
e Process of Recording Electrical Parameters in a Hydropower Plant

The process of recording electrical parameters in a hydropower plant involves
collecting data from various electrical systems and components to monitor plant
performance, ensure safe operation, and optimize energy generation. Here's a
detailed step-by-step guide to recording the electrical parameters of hydropower
plant equipment:

1. Identify Key Electrical Parameters to Record

Electrical parameters that are crucial for monitoring the performance of the
generator and electrical systems in a hydropower plant include:

v' Voltage (V): At different points (generator terminals, busbars, transformers,
etc.).

v Current (l): For each phase and circuit, to measure load conditions.
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v' Active Power (P): Real power generated, measured in kilowatts (kW) or
megawatts (MW).

v' Reactive Power (Q): Power used to maintain voltage levels, measured in
kilovolt-amperes reactive (kVAR).

v' Apparent Power (S): Combined active and reactive power, measured in kilovolt-
amperes (kVA).

v" Power Factor (PF): The ratio of active power to apparent power, used to assess
efficiency.

v" Frequency (Hz): The frequency of the generated electricity, typically 50 Hz or 60
Hz depending on the grid.

v' Generator Speed (RPM): The rotational speed of the generator shaft.
v Excitation Voltage/Current: Controls the magnetic field in the generator.

v" Transformer Parameters: Voltage and current on both primary and secondary
sides of transformers.

v Circuit Breaker Status: Open/closed status, tripping events, and current
through breakers.

2. Install Electrical Sensors and Measuring Devices

To measure and record electrical parameters, you need to install appropriate
sensors and measurement instruments:

v Current Transformers (CTs): Measure current in high-voltage and high-current
circuits.

e |
h ¥

&>

v Potential Transformers (PTs): Measure voltage at different points.

55|Hydropower Plant Operation — Trainee Manual




er
Mul(ifuncﬁon power Met

\

KW

J-

A
&

-
o

(LS
o

|
R
(\\Z
()
(AN

\

)
1

N
=
I\
\
=
s

\
\.

)
|
J—
)

D
\-—
VB

1)
|

—
—
—_—
—
T
'—

\

\

L 4
-\—
(N \.-
(RN \‘
&\
x
E3
-

[
(A

I\
N

iz
[

\

¥

(RN

B ==

v’ Excitation System Monitors: Monitor excitation voltage and current for generator
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field control.

GENERATOR MONITOR e
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v Voltage and Current Meters: Digital or analogue meters for monitoring real-time

voltage and current values.
3. Data Acquisition and Monitoring Systems

Use a Data Acquisition (DAQ) system to collect and process the data from
sensors and measurement devices.

» Connections: Electrical sensors (CTs, PTs, power meters) should be
connected to the DAQ system via proper cabling or wireless systems,
depending on the plant’s infrastructure.

» Signal Conditioning: For accurate readings, ensure that any necessary
signal conditioning (e.g., filtering, amplification) is applied to the signals
from the sensors.

» Sampling Rate: Configure the sampling rate of the DAQ system. Electrical
parameters, particularly voltage, current, and frequency, may require
high sampling rates to capture dynamic changes and transient conditions.

4. Integrate with SCADA or Monitoring Software

Use Supervisory Control and Data Acquisition (SCADA) or other monitoring
software to visualize, log, and analyze the collected data.

» Real-Time Monitoring: The SCADA system provides a live view of
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electrical parameters such as voltage, current, power, and frequency.

» Data Logging: Configure SCADA or DAQ software to log data continuously
or at regular intervals. Ensure that the logging frequency is high enough
to capture critical operational data.

» Alarms and Notifications: Set up thresholds and alarms for key electrical
parameters (e.g., overvoltage, underfrequency, low power factor). If any
parameter exceeds its safe operating limit, the system should trigger
alarms and notify operators.

» Automated Control: SCADA systems often allow for automated control
based on real-time data, such as adjusting excitation to maintain stable
voltage or tripping circuit breakers during fault conditions.

5. Data Storage and Management
Proper data storage is crucial for long-term monitoring and analysis.

» Local Data Storage: Store real-time data on local servers or data loggers
installed at the plant.

» Cloud-Based Solutions: For large-scale plants, cloud-based storage
solutions can provide remote access to data and enable scalability for
long-term data storage.

» Data Backup: Ensure regular backups of stored data to prevent loss due
to hardware failures or other issues.

6. Data Analysis and Reporting

Use the recorded data for real-time analysis as well as post-operation
evaluations.

» Power Generation Efficiency: Compare actual power output (active and
reactive) with expected values to assess generator performance.

» Load Balancing: Analyze current and voltage data to ensure proper load
balancing across all phases and circuits.

» Power Quality Monitoring: Monitor power quality indicators such as
harmonics, voltage dips, and flicker to ensure the stability and reliability
of electricity generation.

» Fault Detection: Analyze current, voltage, and frequency fluctuations to
detect abnormal conditions such as short circuits, grounding faults, or
overloading.
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» Predictive Maintenance: Use trends in parameters like power factor,

generator speed, and excitation current to predict when maintenance is
needed.

e Mechanical Parameter Recording Process

v' Identify Key Parameters: Key parameters include turbine speed, torque,

vibration, temperature, water flow, gate position, and hydraulic pressure.

>

Install Sensors: Use appropriate sensors such as tachometers, vibration
sensors, torque sensors, temperature sensors, and flow meters.

DAQ System Setup: Set up a Data Acquisition system to collect real-time
mechanical data.

SCADA Integration: Use SCADA for real-time monitoring, data logging,
alarms, and reporting.

Data Storage: Store the collected data locally or in the cloud with regular
backups.

Data Analysis: Analyze the data to monitor performance, detect
anomalies, and predict maintenance needs.

Calibration and Maintenance: Regularly calibrate sensors and maintain
the data acquisition system.

Reporting: Generate operational, incident, and regulatory reports based
on the data.

Automation: Use the data for controlling turbine speed, vibration
monitoring, and temperature regulation.

Optimization: Review the data to identify opportunities for improving
mechanical performance and scheduling maintenance.

g
Points to Remember

% Electrical Parameters Identification: Essential electrical parameters include voltage,
current, active/reactive power, frequency, and generator speed, which are crucial

for monitoring plant performance.

% Sensor Installation: Use current transformers, potential transformers, power
meters, and frequency meters to accurately measure and record these electrical

parameters.
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< Data Acquisition Systems: Implement a Data Acquisition (DAQ) system for collecting
data from sensors, ensuring proper connections and signal conditioning for accurate
readings.

< SCADA Integration: Integrate the DAQ system with SCADA software for real-time
monitoring, data logging, alarm settings, and automated control based on live data.

< Data Management: Ensure proper data storage and backups, utilizing local servers
or cloud solutions for long-term access and analysis.

< Data Analysis and Reporting: Analyze collected data for performance evaluation,
load balancing, power quality monitoring, and predictive maintenance to enhance
operational efficiency.

ot

A power generation company has installed a hydropower plant near your school to increase

Application of learning 1.4.

the generated power in order to meet the school demand; The company need an operator
to analyse the record hydropower plant equipment parameters, as an operator you are

hired to perform the following tasks:

1. ldentify the correct sensor (measuring instrument) for each electrical and
mechanical parameter

2. Read and record electrical data from a sensor installed on a generator for 10
minutes.

3. Read and record mechanical data from the sensor installed near the turbine
shaft for 10 minutes.

4. Ensure that data for both the electrical and mechanical parameters are being
recorded accurately.
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c’,__
r.'.=® Learning outcome 1 end assessment

Written assessment
Read the following statement related to maintain hydropower plant operation and choose
the correct answer:
1. What is the primary purpose of a pre-startup inspection at a hydropower plant?
a) Ensure that the turbine is running.
b) Verify all mechanical systems are functioning correctly and safely.
c¢) Adjust the generator speed.
d) Clean the water intake structure.

2. Which of the following is a critical parameter to monitor during the operation of a
hydropower turbine?

a) Water temperature.

b) Turbine rotational speed (RPM).
¢) Humidity levels.

d) Generator weight.

3. Which of the following is the most important factor when analyzing the overall
efficiency of a hydropower plant?

a) Water temperature.

b) Turbine efficiency and power output.
c) Dam height.

d) Age of the equipment.

4. Which tool is commonly used to record real-time data from hydropower plant
equipment?

a) Pressure gauge.
b) Programmable Logic Controller (PLC).
c) Flow meter.

d) Tachometer.
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Practical assessment

IBS company has a hydropower plant of 10 MW; the company hires you as a hydropower
plant operator for their hydropower plant equipment. Your task is as follows:

i.  Select tools, materials and equipment to prepare a workplace for operation
and maintenance of hydropower plant.

ii. Prepare the workplace of hydropower plant operation and maintenance
activities.

iii. Check electrical, mechanical, pneumatic and hydraulic parameters of
hydropower plant equipment.

iv.  Record in 20 minutes electrical and mechanical parameters of hydropower
plant equipment based on their current status.

END
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Indicative contents

2.1 Activating of electronic system

2.2 Starting hydraulic/pneumatic system component

2.3 Starting of mechanical system component

Key Competencies for Learning Outcome 2: Run the Hydropower Plant Equipment

Knowledge Skills Attitudes
e Description of e Activating control Having
activation system creativity
procedures of component Having critical
electronic system e Starting thinking
hydraulic/pneuma Having
tic system teamwork
component

e Starting of
mechanical
system
component

Being problem
Solver

Being patient
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Duration: 20 hrs

“9

operation

Learning outcome 2 objectives:

power plant operation

By the end of the learning outcome, the trainees will be able to:

1. Apply correctly activation procedures of electronic system as used in power plant

Activate correctly Control system component as used in power plant operation
Start correctly hydraulic/pneumatic and mechanical system component as used in

‘I ﬁ.ﬁ"
Resources

e Gate Valves,
Turbines

e Hydraulic
Governor,

e Alternators

e Control and
Monitoring
System

e Crane
e Sump Pump
e Transformers

e Emergency
Generator

e Multimeter

e Power Meter

Equipment Tools Materials
e Overhaul Valves Plier Overhaul Valves
® Ecurity Spanner Security
Valves/Inlet Screw Driver Valves/Inlet
Valves Log Book Valves
® Bypass Valves Pen Bypass Valves

Gate Valves,
Turbines

Hydraulic
Governor,

Alternators

Control and
Monitoring
System

Crane
Sump Pump
Transformers

Emergency
Generator

Multimeter

Power Meter
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® Frequency Meter
e Clamp Meter
e Thermometer

® Pressure Gauge

Frequency Meter
Clamp Meter
Thermometer

Pressure Gauge
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@ Indicative Content 2.1: Activating of Electronic System
Duration: 6 hrs

@ ~
o':] Theoretical Activity 2.1.1: Activation procedures of electronic system

(T

:l’h:m;s to bo
: W Tasks:

1: Answer the following questions:

i.  Outline the general procedures for activating the electronic control system of
hydro power plant
ii. State at least four activities done in Pre-Activation Checks of electronic
system of hydropower plant
2: Present the findings to the whole class.
3. Ask questions for more clarification if any
4: Read the key readings 2.1.1

@
(o
Key readings 2.1.1.: Activation procedures of electronic system

Each hydropower plant may have its own specific procedures depending on its
size, design, and level of automation, but the below steps outline a general
procedure for activating the electronic control system

1. Pre-activation Checks

> System Inspection: Verify that all electronic components, sensors, actuators,
and control systems are correctly installed, grounded, and connected.

> Safety Check: Ensure that all safety protocols are followed, and the plant is
secure. Check alarms, emergency stop systems, and protective relays.

> Water Level Verification: Confirm that the water reservoir has the appropriate
level for safe turbine operation.

> Power Supply: Ensure that the auxiliary power system is functional and
supplying power to the control equipment.

» Communication Systems: Verify that communication channels between control
rooms, remote systems, and field equipment are operational.

2. Initial Power-up

» Switch-on Auxiliary Power: Power up the auxiliary systems, which provide
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electricity to the plant’s control systems and other critical infrastructure.

» Controller and SCADA Initialization: Turn on the Supervisory Control and
Data Acquisition (SCADA) system and local control units (PLCs or
Distributed Control Systems - DCS).Check for software errors, system logs,
and initialization messages.

» Sensor Calibration: Perform sensor calibration for flow meters, pressure
sensors, temperature gauges, and other measuring devices to ensure
accurate readings.

3. System Configuration and Monitoring

> Turbine and Generator Status Check: Ensure the turbines and generators are
ready to operate. This includes checking rotation sensors, speed governors, and
load controllers.

> Hydraulic System Control Activation: Activate the valves and gates controlling
water flow to the turbines. This involves checking:

% Spillway gates
< Penstock valves

o Guide vanes
» Alarm and Monitoring System Activation: Activate alarms and monitoring
systems to track parameters such as:

< Water pressure and flow rate

o,

< Generator voltage and frequency

o,

< Temperature levels of key components (e.g., turbine bearings)
4. Startup Sequence for Turbines and Generators

> Turbine Pre-Check: Ensure that the water is properly directed into the turbine.
Open the necessary valves to allow water flow through the penstock to the
turbine.

> Turbine Start: Start the turbine by controlling the water flow into the turbine,
ensuring smooth and gradual speed increase.

> Generator Synchronization: Connect the generator to the grid:

< Match the generator’'s speed, voltage, and phase with the grid
parameters.

< Use the automatic synchronizer to adjust the generator’s output to

meet grid conditions.
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% Close the circuit breaker to synchronize the generator with the grid.
5. Full System Monitoring and Load Adjustment

> Load Management: Adjust the water flow to control power output and balance
grid demand.

> Active Monitoring: Continuously monitor system parameters via the SCADA
system to ensure safe operation.

> Alarm System Review: Observe any system alarms and take corrective actions if
needed.

6. Routine System Tests

> Control System Testing: Perform tests to ensure the correct operation of the
control system, including the response of the turbine governor and exciter
system for the generator.

> Emergency Stop System Test: Simulate emergency conditions to test the
shutdown process and the response of the electronic systems.

> Data Logging: Verify that data logging systems are functioning, recording key
operational metrics such as power output, water flow rates, and mechanical
stresses on components.

7. Normal Operation Mode

> Full Automation and Remote Control: Enable full automation of the plant’s
processes, where the electronic systems continuously regulate water flow,
turbine speed, and generator output in real-time.

> Energy Distribution: Ensure the power generated is being distributed to the
electrical grid smoothly.

&
‘ ! Practical Activity 2.1.2: Activating of electronic system

__»
ngs fo Do
Tm : w Task:

1: You are requested to perform the following tasks:

i. Apply activation procedures of electronic system

ii. Activate monitoring and supervisory system component
iii. Activate communication system component
iv. Activate protection system component
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2: Observe the activation of electronic system of hydropower plant and ask questions for
clarification if any.

3: Activate electronic control system and monitor the procedures.

4: Present your work to the trainer and the whole class. Ask for clarification where
necessary

5: Read key readings 2.1.2.

.Q
’
‘ Key readings 2.1.2: Activating of electronic system

Applying the activation procedures for the electronic control system of a
hydropower plant involves several coordinated tasks that must be done carefully
to ensure safety, reliability, and efficiency. Here is how you can implement the
steps outlined earlier:

1. Pre-activation Checks
. System Inspection

v Inspect all electrical wiring, control panels, sensors, and actuators for
physical integrity.

v Ensure all necessary electrical protections like fuses, circuit breakers,
and ground fault protection systems are in place.

v Confirm proper installation of relays, transformers, and communication
links between controllers.

v Validate that the power source for auxiliary systems is available and
correctly configured.

o Safety Check

4 Verify emergency shutdown systems are functional, including the ability
to stop turbines and close water inlets rapidly.

4 Confirm personnel safety measures such as barriers, alarms, and
emergency exits.

v Check whether the area is secure for activation, with no unauthorized
personnel nearby.

e Water Level Verification

v Check the water level in the reservoir and ensure it is within operational
limits. Sensors should provide real-time water level data to the control
system.
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e Power Supply

v' Ensure the auxiliary power system is delivering electricity to the
electronic control systems, computers, and monitoring equipment.

e Communication Systems

v' Check the health of communication channels between the central
control room and field devices (such as remote sensors and actuators).
Make sure data transmission systems (fiber optics, wireless, or wired)
are operational.

2. Initial Power-up
e Switch-on Auxiliary Power

v" Power up control systems like PLCs (Programmable Logic Controllers),
DCS (Distributed Control Systems), and field devices.

v' Power up sensors, cameras, and communication systems that will
monitor plant operations.

e Controller and SCADA Initialization

v" Boot up the SCADA (Supervisory Control and Data Acquisition) system
and check if all control panels and screens display operational data
accurately.

v Verify that all field devices (turbine governors, valves, actuators)
communicate correctly with the SCADA system.

v Check error logs to ensure no initialization faults are reported.
e Sensor Calibration

v Calibrate all sensors (pressure, flow, temperature, etc.) to make sure
they are giving accurate readings. This may involve simulating conditions
to test sensor responses.

3. System Configuration and Monitoring
e Turbine and Generator Status Check

v Ensure turbines are in a ready state by checking the lubrication systems,
bearings, and hydraulic systems.

v' Confirm the generators are prepared by checking insulation resistances,
field excitation systems, and cooling systems.
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v' Ensure load controllers and governors are ready to manage the
synchronization and load-balancing processes.

e Hydraulic System Control Activation

v Gradually activate valves and gates controlling water flow (e.g.,
penstock gates, spillway gates) through the control system.

v" Monitor hydraulic pressures and adjust flow rates as necessary.
¢ Alarm and Monitoring System Activation

v Activate alarms for monitoring critical parameters such as water flow,
turbine speed, generator voltage, and operational temperatures.

v' Test alarm triggers to verify that any abnormal conditions will generate
appropriate warnings.

4. Startup Sequence for Turbines and Generators
e Turbine Pre-Check

v' Before starting, ensure that the water is routed correctly into the
penstock, and there are no obstructions.

v" Open control gates gradually to allow water flow to the turbine,
ensuring no excessive surge or pressure buildup.

e Turbine Start

v/ Start the turbine by initiating the water flow and gradually increasing its
rotational speed. Control systems should automatically adjust the guide
vanes or wicket gates for optimal water flow.

e Generator Synchronization

v' Once the turbine reaches the appropriate speed, synchronize the
generator to the grid.

v' Use automatic synchronization software to adjust the voltage,
frequency, and phase angle to match grid conditions.

v' Once synchronized, close the breaker to connect the generator to the
grid and begin feeding power.

5. Full System Monitoring and Load Adjustment
e Load Management

v After successful synchronization, adjust the power output by controlling
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the water flow to meet grid demand.

v' The control system should automatically regulate the flow using
feedback from load sensors.

e Active Monitoring

v Use the SCADA system to continuously monitor vital parameters, such as
generator voltage, frequency, water flow rates, and turbine speeds.

v' Record any unusual data trends or alarms for further inspection.
e  Alarm System Review

v' Regularly review system alarms to ensure the electronic system detects
abnormal conditions like overload, over-temperature, or low flow.

6. Routine System Tests
e  Control System Testing

v Periodically test the control system by running simulated scenarios (such as load
changes or grid fluctuations) to ensure it responds appropriately.

v" Check the behavior of the governor system to confirm it maintains steady
turbine speed under varying loads.

o Emergency Stop System Test

v Perform tests by simulating an emergency condition to ensure the emergency
stop (E-stop) system can shut down turbines and close water inlets swiftly.

o Data Logging

v Verify that all operational data is being logged in the system for
historical analysis. This includes power output, water flow rates, and
operational conditions.

7. Normal Operation Mode
e Full Automation and Remote Control

v' Once everything is running correctly, enable the plant's automation
mode to maintain power production without manual intervention. The
control system should continuously monitor conditions and adjust
parameters like water flow, turbine speed, and generator load
automatically.

e Energy Distribution
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v' Confirm that the energy generated by the plant is being smoothly
integrated into the grid. Monitor for any load imbalances, power quality
issues, or grid fluctuations.

» Activating Control system component

4+ Monitoring and supervisory system component

Activating the monitoring and supervisory system components in a hydropower
plant involves setting up systems that allow for real-time observation, control,
and data logging of the plant’s operations. The following steps provide a detailed
guide on how to activate these systems, focusing on the Supervisory Control and
Data Acquisition (SCADA) system, Distributed Control Systems (DCS), sensors,
actuators, and communication networks.

1. Power On the Monitoring and Supervisory System

Ensure Power Supply: Verify that the auxiliary power supply is available and
connected to all monitoring and supervisory system components.

Power On SCADA Servers and Terminals: Start the SCADA system, which
typically includes the central server and operator terminals.

v" Ensure that all servers, workstations, and communication hubs are
powered and functioning.

Activate DCS Controllers (if applicable): If a Distributed Control System (DCS) is
being used, power it on and check that it is connected to field devices (e.g.,
sensors and actuators).

2. Initialize SCADA System

Load SCADA Configuration: Ensure that the correct plant configuration files are
loaded into the SCADA system.

v' This configuration includes the communication protocols, field device
addresses, and control system logic.

Start the SCADA Software: Log in to the Human-Machine Interface (HMI) of the
SCADA system, where operators will monitor the plant in real time.

Check Data Acquisition: Verify that the SCADA system is acquiring real-time
data from the connected sensors and field devices.

v Ensure that all critical plant parameters (water flow, turbine speed,
generator output, etc.) are displayed correctly.

3. Activate and Calibrate Sensors
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Power On Field Sensors: Activate all sensors that monitor various operational
parameters in the hydropower plant.

v' Sensors to monitor include water flow, pressure, temperature,
vibration, level, and position.

Calibrate Sensors: Ensure that all sensors are calibrated to provide accurate
readings.

v Perform tests by comparing sensor readings with manual measurements
or predefined values.

v Adjust calibration settings as necessary in the SCADA or DCS system to
ensure accurate data acquisition.

4. Start Communication Networks

Enable Communication Protocols: Verify that communication protocols
between field devices (sensors, actuators) and the central SCADA/DCS system
are active.

v' Typical communication protocols include Modbus, Profibus, and
Ethernet.

Test Data Transmission: Check that data from sensors is transmitted to the
SCADA system correctly, and that control commands from SCADA can be sent
to field devices.

Set Up Redundant Communication: Ensure that there is a backup
communication channel or redundancy in case of a network failure.

5. Activate Actuators and Control Valves

Power On Actuators: Activate all actuators controlling mechanical equipment
such as gates, valves, and turbine guide vanes.

v Ensure that actuators are responsive to SCADA/DCS commands and
moving to the correct positions.

Test Control Signals: Send test commands from the SCADA system to actuators
and verify their movement.

v Check for accurate position feedback from the actuators, ensuring that
control signals are properly received and executed.

6. Check Alarm and Event Management System

Activate Alarm System: Turn on the alarm and event management system to
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monitor operational thresholds (e.g., water flow, temperature, pressure).

v' Ensure that alarms are set for key parameters and that thresholds are
configured based on plant safety and operational limits.

e Test Alarms: Simulate abnormal operating conditions (e.g., high water pressure,
low water flow) to ensure that the alarm system triggers correctly.

v' Verify that the SCADA system displays alarm information, including
location, severity, and suggested actions.

e Enable Event Logging: Ensure that events and alarms are logged in the system
for later review and analysis.

7. Activate Data Logging and Historian Systems

o Enable Data Logging: Start the data logging system, which records real-time
plant parameters such as power output, turbine speed, and water levels.

v Ensure that all critical parameters are being logged at regular intervals
and that the system can store historical data.

e Check Historical Data Access: Ensure that the historian system is operational
and that operators can access historical data for trend analysis and
troubleshooting.

¢ Test Report Generation: Generate sample reports from the data logging system
to verify that the system can create detailed reports on plant performance,
efficiency, and maintenance needs.

8. Activate and Configure Human-Machine Interface (HMI)

e Start HMI Terminals: Ensure that the Human-Machine Interface (HMI)
terminals, which allow operators to control and monitor the plant, are active.

v' The HMI provides visual displays of key parameters like water flow,
turbine speed, generator output, and alarms.

e Configure HMI Dashboards: Customize HMI screens to display the most critical
plant information.

v' Set up dashboards that provide an overview of turbine operations,
power generation, and water management.

o Enable Operator Controls: Allow operators to issue control commands via the
HMI, such as adjusting water flow, starting/stopping turbines, or responding to
alarms.

9. Test Control Logic and Automation
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e Run Functional Tests: Test the control logic in the SCADA/DCS system to ensure
that automation processes are functioning correctly.

v Simulate normal and abnormal operating conditions to verify how the
system adjusts turbine speed, water flow, and power output.

o Test Automation Sequences: Activate automation sequences for plant startup,
shutdown, and emergency procedures.

v Ensure that the system follows the correct operational steps in the right
sequence, including activating sensors, actuators, and alarms.

10. System Integration and Final Checks

o Full System Integration: Ensure that all system components, including SCADA,
DCS, sensors, actuators, and communication networks, are fully integrated and
communicating correctly.

e Conduct Final Testing: Run tests for system-wide performance, including grid
synchronization, turbine operation, and power output.

¢ Activate Continuous Monitoring: Once all systems are operational and tested,
activate the SCADA system for continuous monitoring of plant performance and
safety.

v' Set up automatic logging of key performance indicators (KPIs) and
system health metrics.

4+ Communication system component

Activating the communication system components of a hydropower plant
ensures that real-time data from field devices like sensors and actuators are
properly transmitted to the central SCADA or DCS system, where operators can
monitor and control the plant. By ensuring proper configuration, testing, and
system integration, you will establish a reliable, redundant, and secure
communication network that supports the smooth operation and management
of the hydropower plant.

Here's a step-by-step guide on how to activate the communication system
components in a hydropower plant:

1. Ensure Power Supply to Communication Devices

o Verify Power Supply: Check that all communication hardware, such as routers,
switches, gateways, and field devices (like PLCs and RTUs), have a reliable
power supply.
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Turn On Communication Network Devices: Power on the networking
equipment, including any network switches, routers, fiber optic connections,
and wireless access points, depending on the setup.

o Ensure that all devices show active status (e.g., indicator lights,
diagnostics).

2. Activate Communication Protocols

SCADA/DCS Communication Setup: Verify that the correct communication
protocols are activated and configured for the SCADA or DCS system.

Check Protocol Configuration: Ensure that the IP addresses, port settings, and
baud rates (for serial communication) are correctly set in line with the
SCADA/DCS configuration and the field devices.

3. Activate Field Communication Devices

Programmable Logic Controllers (PLCs): Turn on PLCs and ensure they are
connected to the communication network.

Remote Terminal Units (RTUs): If using RTUs to communicate with remote field
devices, ensure these units are powered on and linked to the communication
network.

v' Verify that RTUs are properly configured to collect data from field
sensors and transmit it back to the control room.

Smart Sensors and Actuators: Power on sensors and actuators equipped with
communication capabilities (e.g., digital fieldbus systems or wireless devices).

v' Check Communication: Verify that data from these devices can be
transmitted to the SCADA/DCS system for monitoring.

+ Protection system component

Activating the protection system component in a hydropower plant involves
ensuring that protection relays, transformers, current/voltage transformers,
circuit breakers, and protection schemes are correctly powered, configured, and
tested. This system is crucial for detecting and isolating electrical faults,
protecting critical equipment, and ensuring the safe and reliable operation of the
plant. By thoroughly testing and integrating these components with SCADA/DCS,
you ensure that the plant can quickly and effectively respond to any abnormal
conditions or faults, minimizing downtime and damage.

1. Verify Power Supply to Protection Devices
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e Power Up Protection Relays and Circuit Breakers: Ensure that all protective
relays, circuit breakers, and monitoring devices (e.g., current transformers,
voltage transformers) have power and are in working condition.

e Check Auxiliary Power Supply: Verify the health of any backup or auxiliary
power systems (like DC batteries) that supply protection devices, ensuring they
will work during power disturbances.

2. Activate Protection Relays

e Turn On Protection Relays: Power on the protection relays that monitor and
detect abnormal conditions such as overcurrent, differential faults, under/over-
voltage, or frequency deviations.

o Configure Protection Relays: Set up relay protection parameters according to
the protection philosophy of the hydropower plant. Common settings include:

v' Overcurrent Protection: Set thresholds for detecting excessive current
due to overloads or short circuits.

v Differential Protection: Configure for monitoring differential current
between transformers and generators to detect internal faults.

v Under/Over Voltage Protection: Establish voltage limits to protect
against grid fluctuations or generator malfunctions.

v Frequency Protection: Set frequency boundaries to protect the system
from frequency variations in the grid.

3. Activate Current and Voltage Transformers (CTs and VTs)

e Current Transformers (CTs): Activate CTs that measure the electrical current in
various parts of the system, feeding data to the protection relays for fault
detection.

v" Ensure CTs are calibrated to detect and transmit accurate current data.

e Voltage Transformers (VTs): Activate VTs that measure the voltage at different
points (e.g., generator terminals, transmission lines).

v' Ensure VTs are transmitting correct voltage data to the protection relays
for proper functioning.

4. Connect and Configure Circuit Breakers

e Power On Circuit Breakers: Ensure that all circuit breakers are energized and in
a ready state to trip in case of fault conditions.
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Test Circuit Breaker Operation: Test that circuit breakers are responsive to
relay signals and can interrupt electrical currents when needed.

v Verify the mechanical operation by issuing manual trip commands from
the SCADA or DCS system and checking their operation status.

Configure Auto Reclosers: If using auto-reclosing mechanisms, configure them
to automatically reset after a transient fault.

5. Activate and Set Protection Schemes

Overcurrent Protection: Activate the overcurrent protection scheme, ensuring
that it is responsive to abnormal current levels in different parts of the plant,
like the generator, transformers, and transmission lines.

Differential Protection: Activate the differential protection scheme for
detecting internal faults in generators, transformers, or other high-voltage
equipment.

Distance Protection: For protection of transmission lines, activate the distance
protection scheme to detect faults based on the impedance measured along
the transmission line.

Generator Protection: Ensure that generator-specific protection schemes like
stator winding protection, rotor earth fault protection, and excitation system
protection are configured and active.

Transformer Protection: Activate transformer protection schemes, including
Buchholz relay activation for oil-cooled transformers, differential protection,
and temperature monitoring.

6. Configure Backup and Redundancy Protection

Primary and Backup Relays: Set up primary and backup protection systems to
ensure redundancy.

v Ensure that backup relays and breakers are configured to respond if the
primary protection system fails to operate.

Test Backup Protection: Perform system checks to ensure that the backup
relays and protection schemes will trip if the primary protection fails.

7. Activate and Test Trip Circuits

Trip Circuit Activation: Power on and verify the operation of trip circuits that
send commands to circuit breakers in case of a fault.

v’ Trip circuits should be correctly wired and tested to ensure they initiate

8l|Hydropower Plant Operation — Trainee Manual




circuit breaker tripping when a fault is detected by the protection relay.

Perform Trip Circuit Test: Conduct a functional test by simulating faults and
confirming that the relays send trip signals to the corresponding circuit
breakers.

Verify Feedback Signals: Ensure that feedback signals are sent from the circuit
breakers to the SCADA or protection system to confirm that the breaker has
successfully opened or closed.

8. Activate SCADA/DCS Integration for Protection System

Integrate with SCADA/DCS: Ensure that protection relays, circuit breakers, and
transformers are integrated into the SCADA/DCS system for real-time
monitoring and remote control.

v Protection events such as trips, alarms, and relay operations should be
visible to operators in the control room.

Configure Alarm and Event Logging: Ensure that the protection system sends
alarms to SCADA for any fault condition or abnormality detected by the
protection devices.

v Set up automatic logging of fault events for post-event analysis.

9. Test Protection System Functionality

Simulate Fault Conditions: Conduct tests by simulating various fault conditions
(e.g., overcurrent, under-voltage, differential faults) and confirm that the
protection system correctly detects and isolates the fault.

v" Monitor how quickly the system responds to faults and confirm that
circuit breakers trip within the designed timeframes.

Confirm Selectivity: Test that the protection system operates selectively,
meaning only the affected section of the plant is isolated while the rest
continues to operate.

Test Protection Coordination: Ensure that the coordination between different
protection devices (e.g., relays, circuit breakers) is correct, allowing for faster
fault clearance in critical areas while maintaining protection for less critical
sections.

10. Check Protection Relay Settings and Adjust as Needed

Relay Setting Verification: Review all protection relay settings to ensure that
they are correctly configured based on the plant's operational conditions and
grid requirements.
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v Fine-tune settings, if necessary, based on the results of system tests and
simulations.

¢ Protection Scheme Fine-Tuning: Adjust the protection scheme parameters, like
time delays and fault detection thresholds, to optimize performance without
compromising safety.

e Test Remote Protection Communication: Verify that protection events at
remote sites are communicated to the central control room and that remote
protection systems receive signals for fault isolation.

g
Points to Remember

e Pre-activation Checks: Perform comprehensive inspections of electronic
components, safety protocols, water levels, power supply, and communication
systems to ensure operational readiness.

e Initial Power-up: Activate the auxiliary power supply, initialize the SCADA system,
and calibrate sensors for precise data collection.

e System Configuration and Monitoring: Assess the readiness of turbines, generators,
and hydraulic systems, activating alarms to monitor critical performance parameters.

e Startup Sequence: Ensure proper water flow to turbines, initiate their startup, and
synchronize generators with the grid before closing the circuit breaker.

e Routine System Tests: Conduct tests on control systems and emergency protocols to
validate functionality and prepare for normal operations.

e Automation and Monitoring: Enable full automation for continuous monitoring and
adjustment of plant operations to maintain efficient energy distribution to the grid.

e Regular Testing: Frequently verify control systems, emergency stops, and data
logging to ensure reliable system performance.

e Communication and Protection: Activate and configure communication protocols
and protection devices to effectively respond to faults, ensuring plant safety and
efficiency.

ot

A power generation company has installed a hydropower plant near your school to increase

Application of learning 2.1.

the generated power in order to meet the school demand; The campany need an operator
to activate electronic components of hydropower plant equipment as an operator you are
hired to do the following tasks:

1. Activate monitoring and supervisory system component

2. Activate communication system component

3. Activate crotection system component
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\/ Indicative Content 2.2: Starting Hydraulic/Pneumatic System Component

Duration: 8hrs

@)
S‘( Practical Activity 2.2.1: Starting hydraulic/pneumatic system

s
o 1 Task:

1: You are requested to perform the following tasks:

Based on prepared hydro power plant workplace, start the following hydraulic and
pneumatic hydropower plant components:

i. ~ Pump and actuators

ii. compressor and actuators
2: Follow instructions and apply safety precautions
3: Observe the starting process of hydraulic components and ask questions for clarification if
any.
4: Start Hydraulic and Pneumatic components
5: Present your work to the trainer and the whole class. Ask for clarification where
necessary
6: Read key readings 2.2.1.

A%

w Key readings 2.2.1 Starting hydraulic/pneumatic system component
e Starting a Hydraulic Pump

Steps for Starting a Hydraulic Pump:

Pre-start Inspection:

Check Fluid Levels: Ensure that the hydraulic reservoir is filled to the
recommended level with the appropriate hydraulic fluid.

Inspect Components: Check hoses, fittings, valves, and other components for
signs of wear, leaks, or damage.

Verify Cleanliness: Ensure the hydraulic fluid is clean and free of contamination.
Prime the Pump (if necessary):

If the pump is new or has been serviced, it may need to be primed to remove air
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from the system. Follow the manufacturer's instructions for priming the pump.

To prime, you may need to manually rotate the pump shaft to expel air or bleed
the hydraulic lines.

Open Valves and Bleed Air:

Open any manual or system valves that allow the hydraulic fluid to flow into the
pump.

Bleed air from the system using the bleed valves, as air pockets can cause
cavitation and damage to the pump.

Verify Power Supply:

Ensure the power supply (electric motor, engine, etc.) is properly connected and
sufficient for the pump’s requirements.

Start the Pump Slowly:

If the system allows, start the pump at a slow speed or low pressure to gradually
build up fluid flow. This reduces stress on the system.

Monitor gauges to ensure pressure and flow are within safe operating ranges.
Monitor for Any Issues:

Listen for Unusual Noises: Cavitation, knocking, or excessive vibration can indicate
issues like air in the system or mechanical problems.

Check for Leaks: Inspect all connections for hydraulic fluid leaks.
Watch the Temperature: Ensure that the system is not overheating.
Increase Pressure (if needed):

Once the pump is operating smoothly and you’ve confirmed that fluid is flowing
properly, increase pressure to the desired operating levels.

Continuous Monitoring:

Even after starting the pump, regularly monitor pressure gauges, temperature
readings, and fluid levels to ensure safe

2. Starting Hydraulic Actuators

Starting hydraulic actuators involves steps similar to starting a hydraulic pump, but
with additional considerations to ensure proper function and control of the
actuator. Hydraulic actuators are commonly used in systems that involve linear or
rotary motion, such as cylinders, motors, or hydraulic rams. Here’s a guide to

8 |Hydropower Plant Operation — Trainee Manual




starting hydraulic actuators:
Steps for Starting Hydraulic Actuators:
1. Pre-Start Inspection:

» Check Hydraulic System Health: Ensure the hydraulic pump, reservoir, and
fluid levels are in good condition and free from contamination.

» Inspect the Actuator: Look for visible signs of damage, leaks, or wear on
the actuator (such as seals, rods, or linkages).

» Inspect Lines and Connections: Check that all hydraulic hoses and
connections to the actuator are properly secured and not leaking.

» Ensure Fluid is Properly Bled: Air in the system can cause erratic
movement and lead to actuator damage. If necessary, bleed the system to
remove trapped air.

2. Power Supply and Control Setup:

» Power Source Check: Make sure that the power source (whether electrical,
engine-driven, or manual) is properly set up for the hydraulic pump and
actuator control system.

» Check Control Valves: Verify that control valves (directional, pressure
control, and flow control) are correctly adjusted and functioning before
engaging the actuator.

» Control Interface: Confirm that the control interface (joystick, buttons, or
PLC system) is calibrated and communicating correctly with the actuator.

3. Slow Start and Warm-Up:

» Engage the Hydraulic Pump: If the hydraulic pump is not already running,
start it following the steps outlined in the previous section on starting
hydraulic pumps.

» Open Valves Slowly: Gradually open the control valve or flow control valve
to allow hydraulic fluid to flow to the actuator.

» Start Slowly: Initiate slow movement of the actuator by providing minimal
flow and pressure. This helps avoid shocks to the system and ensures
smooth operation. Watch for smooth, controlled motion.

4. Monitor Actuator Operation:

> Observe Initial Movement: Ensure that the actuator moves in the correct
direction and at the desired speed. Watch for jerking, stalling, or
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unexpected motion.

» Check for Leaks: As the actuator starts, inspect for any signs of hydraulic
leaks at connections, fittings, and seals.

» Monitor Pressure: Keep an eye on the system's pressure gauge to ensure
the hydraulic pressure remains within the recommended range. Excessive
pressure can damage the actuator or associated components.

5. Test Full Stroke:

» Run Full Cycle: Once the actuator is moving smoothly, cycle it through its
full range of motion (extend and retract) to verify that it operates
properly across its entire stroke length or rotation.

» Check Response Time: Make sure that the actuator responds
appropriately to control inputs and that there are no delays or
hesitations.

6. Adjust Settings as Needed:

Flow Control: If the actuator's speed is too fast or slow, adjust the flow control
valve or pump speed to fine-tune its operation.

Pressure Settings: If the actuator needs more or less force, adjust the pressure
relief valve or pump to maintain the correct operating pressure.

7. Continuous Monitoring:

» Temperature and Noise: Pay attention to the system’s temperature and
any unusual noise from the actuator or the hydraulic system (squealing,
knocking, etc.).

» Load Bearing and Smooth Operation: Ensure the actuator can handle the
load it's designed for and that it moves smoothly under load without
hesitation or vibration.

e Starting Pneumatic Compressor
Steps for Starting a Pneumatic Compressor:
1. Pre-Start Inspection:
Check Fluid Levels (If Oil-Lubricated):

If your compressor is oil-lubricated, check the oil level in the compressor’s
crankcase or oil reservoir. The oil should be clean and at the recommended level.
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Inspect Air Intake Filter:

Make sure the air intake filter is clean and free from dust or debris. A clogged
filter can reduce efficiency and damage the compressor over time.

Check Hoses and Connections:

Inspect air hoses, fittings, and connections for any signs of wear, cracks, or leaks.
Ensure all fittings are tightly connected.

Drain the Tank (If needed):

If the compressor has a storage tank, open the drain valve to remove any
moisture or condensation that may have accumulated inside the tank. This helps
prevent corrosion.

2. Ensure Proper Power Supply:
Voltage Check:

Verify that the compressor is connected to the correct power source (single-phase
or three-phase). Make sure the voltage and amperage ratings match the
compressor’s specifications.

Inspect Electrical Connections:

Check the power cord and plug for any damage. Ensure the circuit breaker or fuse
is properly rated for the compressor’s electrical load.

3. Set the Pressure Regulator:
Check Pressure Settings:

Make sure the pressure regulator is set to the desired working pressure, which
should be within the safe operating range for both the compressor and the
pneumatic tools or equipment you are using.

Open Valves (If Applicable):

If the system has any manual shut-off or check valves, ensure these are open to
allow airflow.

4. Start the Compressor:
Turn on the Power:

Switch on the compressor by using the power switch or button. Most compressors
will start automatically when the pressure in the tank is below the set pressure
level.
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Let the Compressor Build Pressure:

The compressor will run until the air tank reaches the pre-set pressure. During this
process, the motor should run smoothly without any unusual noises such as
knocking or grinding.

5. Monitor the Compressor During Startup:
Listen for Unusual Noises:

Any unusual noises such as rattling, clunking, or screeching could indicate
mechanical issues with the motor or compressor unit.

Check for Air Leaks:

Listen for hissing sounds that could indicate air leaks at the hose connections,
fittings, or the compressor itself. Tighten or repair any leaking connections.

Watch the Pressure Gauge:

Monitor the pressure gauge to ensure the compressor is building pressure within
the expected time frame. If the pressure is rising too slowly, it could be a sign of
air leaks or a malfunctioning component.

Starting pneumatic actuators involves ensuring a proper air supply, smooth
control, and safe operation. Here's a quick guide:

Steps for Starting Pneumatic Actuators:

Pre-Start Check:

Inspect hoses, fittings, and the actuator for damage or leaks.

Ensure the air compressor is supplying clean, dry air at the correct pressure.
Control Valves Setup:

Verify that all control valves (directional and pressure) are properly adjusted.
Set the pressure regulator to the desired level.

Start Air Supply:

Gradually open the air valve to allow air into the actuator.

Start the actuator movement slowly to avoid shocks.

Monitor Operation:

Observe smooth operation and correct direction of motion.
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Check for leaks, abnormal sounds, or irregular movement.

Adjust Settings:

Fine-tune the flow or pressure settings if necessary to control speed or force.
Test Full Stroke:

Cycle the actuator through its full range to ensure proper performance.

Always follow manufacturer guidelines and safety protocols for your specific
actuator system.

g
Points to Remember

e Pre-Start Inspection: Check fluid levels, inspect components for wear or leaks, and
ensure cleanliness of hydraulic fluid before initiating the system.

e Power Supply Verification: Confirm that the power supply is properly connected and
sufficient for both hydraulic pumps and actuators.

e Slow Start and Warm-Up: Gradually start the pump or actuator, allowing smooth
operation without shocks to the system by slowly opening control valves.

e Monitor Operation: Observe for unusual noises, leaks, and pressure fluctuations
during startup, ensuring everything is functioning correctly.

e Test Full Stroke: For hydraulic actuators, cycle through their full range of motion to
verify performance and responsiveness to control inputs.

e Continuous Monitoring: Regularly check temperature, load conditions, and
operating parameters to maintain system reliability and safety.

v

A power generation company has installed a hydropower plant near your school to increase

Application of learning 2.2.

the generated power in order to meet the school demand; The campany need an operator
to run hydraulic and pneumatic components of hydropower plant as an operator you are
hired to do the following tasks:

1. Starta Pump and actuators

2. Start a compressor and actuators
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\/ Indicative Content 2.3: Starting of Mechanical System Component

Duration: 6 hrs

@ »}
5( Practical Activity 2.3.1: Start mechanical system component

;h}ng: to Do

1 Task:

1: You are requested to perform the following tasks:

Based on prepared hydro power plant workplace, start the following mechanical
hydropower plant components:

i. Control gates

ii. Valves

iii. Turbine generator unit
2: Follow instructions
3: Observe the starting process of mechanical components and ask questions for
clarification if any.
4: Start mechanical components
5: Present your work to the trainer and the whole class. Ask for clarification where
necessary.
6: Read key readings 2.3.1.

@
e

Key readings 2.3.1: Start mechanical system component
1. Starting Control Gates and Valves

Control gates and valves regulate the flow of water to the turbine. Their operation is
crucial for managing water flow and ensuring that the turbine operates within
design parameters.

Steps:

Pre-Start Checks:

Ensure the reservoir water level is adequate to generate power.

Check the status of trash racks to ensure no debris is blocking water flow.
Verify that all pressure gauges and sensors are operational.

Opening the Intake Gate:
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Slowly open the intake gate to allow water to flow into the penstock. The flow rate
should be controlled initially to avoid water hammer effects (pressure surges in the

pipes).

Ensure that the gate opening is gradual to prevent a sudden surge of water, which
could damage equipment downstream.

Adjusting the Valve:

If a butterfly valve or sluice gate is used downstream of the intake, gradually open it
to allow water to flow through the penstock to the turbine.

Valve opening should be synchronized with the readiness of the turbine to avoid
over-speeding the turbine rotor.

2. Starting the Turbine-Generator Unit

The turbine-generator unit is the heart of the hydropower plant. Careful startup
procedures ensure that the unit operates smoothly, without mechanical or electrical
stress.

Steps:

Pre-Start Checks:

Turbine:

Check the lubrication system for bearings and other moving parts.

Ensure the governor is functional to control the turbine speed.

Inspect for any mechanical obstructions or faults in the turbine.

Generator:

Verify that the generator cooling system (usually water or air-cooled) is active.

Confirm that the electrical protection system is operational (e.g., overload
protection, ground fault protection).

Check that the turbine is not under load during startup (i.e., no electrical load is
applied initially).

Water Flow Adjustment:

Slowly open the control valves to begin water flow through the turbine. Start with a
low flow to rotate the turbine at low speed and monitor for abnormal vibrations or
noise.
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The turbine's governor system will automatically adjust the flow to bring the turbine
up to its rated speed (synchronous speed for the generator).

Turbine Synchronization:

Once the turbine reaches its operational speed, check the synchronization
parameters (voltage, frequency, and phase) to ensure they match the grid or local
electrical system.

Use the governor to fine-tune the turbine speed before synchronization with the
electrical grid.

3. Bringing the Generator Online
Excitation System:

Engage the excitation system to energize the generator's magnetic field. This
process enables the generator to start producing electricity.

Ensure that the excitation voltage is within design limits to avoid excessive heating
or damage to the generator windings.

Synchronizing with the Grid:

Once the turbine reaches the correct speed and the generator voltage matches the
grid voltage, use the synchronizing system to connect the generator to the grid.

The synchronization process involves matching the generator's frequency and phase
angle with that of the grid. Automatic synchronizers or manual adjustments can be
used depending on the plant setup.

Load Application:

After synchronization, the load can be gradually applied to the generator. The
governor system will maintain the turbine speed to ensure stable frequency as more
load is added.

Gradually increase the load while monitoring the turbine, generator, and electrical
output for any signs of instability.

4. Monitoring the System
Control Room Monitoring:

Continuously monitor key parameters such as turbine speed, generator output
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(voltage, current, frequency), and water flow rate.

Keep an eye on the temperature of bearings, generator windings, and other
components.

Watch for abnormal vibrations, excessive noise, or overheating, which could indicate
mechanical or electrical issues.

Governor and Protection System:
Ensure that the governor is maintaining the turbine speed at its set point.

The protection system should be active to shut down the turbine in the event of
overspeed, excessive load, or other faults.

g
Points to Remember

e Pre-Start Checks: Verify adequate reservoir water levels, check trash racks for debris,
and ensure all pressure gauges and sensors are operational before starting control
gates and valves.

e Controlled Opening of Gates and Valves: Gradually open the intake gate to manage
water flow and prevent water hammer effects, followed by synchronizing valve
adjustments with turbine readiness.

e Turbine and Generator Pre-Start Inspections: Check lubrication, governor
functionality, cooling systems, and confirm no electrical load is applied to the turbine
during startup.

e Water Flow and Turbine Synchronization: Initiate water flow at low rates to monitor
vibrations, allowing the governor to adjust to operational speed before synchronizing
with the electrical grid.

e Generator Excitation and Grid Synchronization: Engage the excitation system to
energize the generator and match its voltage, frequency, and phase with the grid for
seamless connection.

e Continuous System Monitoring: Regularly check turbine speed, generator output,
and temperature, ensuring the governor and protection systems are active to
prevent overspeed and other faults.

ot

A power generation company has installed a hydropower plant near your school to increase

Application of learning 2.3.

the generated power in order to meet the school demand; The campany need an operator
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to start mechanical components of hydropower plant as an operator you are hired to do the
following tasks:

i. Open control gates

ii. Open Valves

iii. Started turbine generator unit
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r.'.=® Learning outcome 2 end assessment

Written assessment
Read the following statement related to maintain hydropower plant operation and choose
the correct answer:
1. What is the primary function of the electronic control system in a hydropower plant?
a) To monitor water levels in the reservoir.
b) To control and automate the operation of turbines, generators, and auxiliary systems.
¢) To maintain the structural integrity of the dam.
d) To manage power distribution to local households.
2.Which component is typically controlled by the hydraulic system in a hydropower plant?
a) Generator field current.
b) Guide vanes or wicket gates.
c) Cooling water system.
d) Tailrace water levels.

3. What is the primary mechanical component responsible for converting hydraulic energy
into mechanical energy in a hydropower plant?

a) Generator.

b) Penstock.

c) Turbine.

d) Exciter.

4. Outline the general procedures for activating the electronic control system

5. what are the activating control component of an electronic system?

Practical assessment

IBS company has a hydropower plant of 10 MW; the company hires you as a hydropower
plant operator for their hydropower plant equipment. Your task is as follows:

1. Start hydraulic equipment
2. Pneumatic equipment
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3. Start mechanical system components

END
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Indicative contents

3.1. Monitoring electromechanical equipment parameters
3.2. Recording of functionality data
3.3. Shutting down of hydropower plant

3.4. Elaborating operational report

Key Competencies for Learning Outcome 3: Control the Output of Hydropower Plant

Equipment
Knowledge Skills Attitudes
e Identification of e Checking Being careful
electrical equipment electrical and while controlling
parameters mechanical the output of
e |dentification of equipment hydropower plant
hydro mechanical parameter. equipment.
equipment e Recording of Having critical
parameters functionality data thinking
of hydropower Being a time
plant. manager
e Shutting down of Being accurate
hydropower while checking
plant. and recording

e Elaborating
operational report

parameters

Being self-
confident

Being attentive
Being a good
communicator

100 | Hydropower Plant Operation — Trainee Manual




Duration:25hrs

“9

Learning outcome 3 objectives:

By the end of the learning outcome, the trainees will be able to:

1. ldentify correctly mechanical parameters according to equipment operation manual

2. Record accurately functionality data according to equipment parameters

3. Shut down properly hydropower plant according to sequence and operational status

4. Elaborate properly operation report in line with reporting types and template.

‘I ﬁ.ﬁ
Resources

Equipment Tools Materials
e Overhaul valves e Plier ® Pipes
e security valves/inlet e Spanner ® circuit breakers
valves e Screwdriver e air brake switch

e bypass valves, gate
valves

e turbines

e hydraulic governor
alternators

e control and monitoring
system

® crane
® sump pump
e transformers

e emergency generator
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\/ Indicative Content 3.1: Monitoring Electromechanical Equipment Parameters

Duration: 7 hrs

Q=
GI%E' Theoretical Activity 3.1.1: Identification of electrical and mechanical equipment
4

parameters of hydropower plant

;‘h] . 1060
o ] Tasks:
|

1: Answer the following questions:
i.  What is the rated power output of the generator?
ii. What type of generator is used (Synchronous or Induction)?
iii. What is the hydraulic efficiency of the turbine?
2: Present the findings/answers to the whole class.

3: Ask questions for more clarification if any

4: Read the key readings 3.1.1

@
e

Key readings 3.1.1.: Identification of electrical and mechanical
equipment parameters of hydropower plant

The electrical and mechanical equipment in a hydropower plant are responsible
for converting hydraulic energy into electrical energy. Identifying the critical
parameters for each of these components is essential for efficient plant
operation.
+ Electrical Equipment Parameters
1. Generator Parameters
» Rated Power (kW or MW): The maximum electrical power the generator
can deliver.
» Voltage Rating (V): The operational voltage at which the generator
works.
» Current Rating (A): The maximum current the generator can carry
without overheating.
» Frequency (Hz): The alternating current frequency, typically 50 Hz or 60
Hz, based on the grid standards.
» Power Factor: The ratio of real power (kW) to apparent power (kVA),
indicating efficiency.
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>
>

Synchronous Speed (RPM): The rotational speed that matches the
electrical grid frequency.

Efficiency (%): The ratio of the electrical output to mechanical input
power.

Excitation System: Type of excitation system (e.g., brushless or static)
that provides field current.

Temperature Rise (°C): The temperature increases above ambient due to
load.

Insulation Class: The thermal classification of the winding insulation.
Cooling System: The type of cooling used (air, water, or hydrogen
cooling).

2. Transformer Parameters

>

>

>

Power Rating (MVA): The maximum capacity of power that the
transformer can handle.

Primary and Secondary Voltage: The input (primary) and output
(secondary) voltage levels of the transformer.

Efficiency (%): The ratio of output power to input power, typically ranging
between 95-99%.

Impedance (%): A measure of resistance in the transformer that
influences voltage regulation.

Cooling Method (ONAN, ONAF, etc.): Describes how the transformer is
cooled (Oil Natural Air Natural, Oil Natural Air Forced).

Tap Changer Type (Off-load or On-load): A device for adjusting the
transformer’s voltage ratio while it is energized or de-energized.
Temperature Rise: The allowable rise in winding temperature during
operation.

3. Switchgear and Circuit Breaker Parameters

>

>

v

>

Voltage Rating (V): The maximum operating voltage of the switchgear or
breaker.

Current Rating (A): The maximum continuous current it can safely
handle.

Breaking Capacity (kA): The ability of a breaker to interrupt fault current.
Insulation Level: The level of insulation provided to withstand
overvoltages.

Operating Time (ms): The response time required for switching and fault
clearing.

4. Control and Protection Systems Parameters

>

>

Relay Protection Settings: The set points for overcurrent, overvoltage,
and under-frequency protection systems.
AVR (Automatic Voltage Regulator) Set Points: Controls the output
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voltage of the generator by adjusting excitation current.

» Synchronization Parameters: Voltage, frequency, and phase angle
differences that are managed during synchronization with the grid.

» SCADA System Parameters: Data points for real-time monitoring and
control of plant operation (voltage, current, flow rates, etc.).

+ Mechanical Equipment Parameters
1. Turbine Parameters

» Turbine Type (Francis, Kaplan, Pelton): The specific design of the turbine,
chosen based on head and flow rate.

» Rated Power Output (kW or MW): The mechanical power generated by
the turbine.

» Efficiency (%): The ratio of mechanical power output to hydraulic power
input.

» Head (m): The vertical distance the waterfalls, influencing the available
energy.

» Flow Rate (m3/s): The volume of water passing through the turbine per
second.

A\

Rotational Speed (RPM): The speed at which the turbine operates.
» Runner Diameter (m): The diameter of the turbine’s rotor.
» Cavitation Coefficient: A measure of how susceptible the turbine is to
cavitation, which can damage the runner.
» Torque (Nm): The twisting force generated on the turbine shaft.
» Governor System: The system responsible for regulating turbine speed
and maintaining grid synchronization.
2. Penstock Parameters
» Diameter (m): The size of the pipe that delivers water to the turbine,
affecting the flow rate and pressure.
» Length (m): The total length of the penstock, impacting pressure losses.

A\

Material: The construction material (steel, concrete) which affects
strength and durability.
» Wall Thickness (mm): The thickness of the penstock, affecting its ability
to withstand pressure.
» Maximum Pressure (MPa): The highest pressure the penstock can handle
safely.
» Flow Velocity (m/s): The speed at which water flows through the
penstock.
3. Gates and Valves Parameters
» Gate Type (Sluice, Radial, Butterfly): The type of gate or valve used to
control water flow.
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» Operating Pressure (MPa): The pressure at which the gate or valve
operates.

» Flow Control Capacity: The ability to regulate water flow through the
system.

» Opening/Closing Time (s or ms): The time taken by the valve or gate to
fully open or close.

4. Bearings and Lubrication Systems Parameters

» Bearing Load (kN): The force exerted on the turbine and generator
bearings.

» Lubrication Flow Rate (L/min): The volume of lubricant supplied to the
bearings.

» Operating Temperature (°C): The temperature at which the bearings
operate.

» Vibration Levels (mm/s): The amount of vibration experienced by the
bearings, which must be monitored to avoid mechanical failure.

5. Cooling Systems Parameters

» Coolant Flow Rate (L/min): The flow of cooling medium (air, water, oil)
required to maintain optimal equipment temperature.

» Heat Dissipation Capacity (kW): The ability of the cooling system to
remove heat from the equipment.

> Inlet/Outlet Temperature (°C): The temperature of coolant entering and
exiting the system.

j’ Practical Activity 3.1.2: Monitor of electrical and mechanical equipment

parameters of hydropower plant

Task:
Thmgs 100

1: After identifying electrical and mechanical equipment parameters of hydropower plant
you are asked to monitor electrical and mechanical equipment parameters of hydropower
plant by performing the following tasks:

i.  Survey electrical and mechanical equipment parameters of hydropower plant.

ii.  Assess electrical and mechanical equipment parameters of hydropower plant.

iii.  Check electrical and mechanical equipment parameters of hydropower plant.
2: Follow instructions and apply safety precautions
3: Observe how to conduct a survey, assess, and inspect the parameters of electrical and
mechanical equipment and ask questions for clarification if any.
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4: Survey, assess, and inspect the parameters of electrical and mechanical equipment in a
hydropower plant, and oversee the procedures.

5: Present your work to the trainer and the whole class.

6: Ask questions for clarification where necessary.

At

p Key readings 3.1.2: Monitor of electrical and mechanical equipment
parameters of hydropower plant

Monitoring the electrical and mechanical equipment parameters of a hydropower
plant is essential for ensuring optimal performance, reliability, safety, and efficient
operation. A comprehensive monitoring system helps detect abnormalities,
reduces downtime, and extends equipment life.

Here’s how these parameters are typically monitored:

+ Electrical Equipment Monitoring
1. Generator Monitoring

Voltage (V): Monitored using voltage sensors or potential transformers to
ensure voltage stability.
v' Purpose: Detect voltage fluctuations that can impact generator
performance and grid stability.
e Current (A): Measured using current transformers (CTs) to monitor load.
v' Purpose: Prevent overloading and overheating of generator windings.
e Power Output (kW/MW): Measured by combining voltage and current data.
v' Purpose: Ensure the generator is producing the desired power and detect
inefficiencies.
e Frequency (Hz): Monitored using frequency meters.
v" Purpose: Maintain synchronization with the grid (50 Hz or 60 Hz).
e Power Factor: Continuously monitored using power factor meters.
v" Purpose: Ensure optimal performance by balancing reactive power.
e Efficiency: Monitored by comparing input mechanical power to electrical power
output.
v" Purpose: Optimize energy conversion efficiency.
e Excitation Current: Monitored through excitation system sensors.
v' Purpose: Maintain proper generator excitation for voltage control.
e Temperature (°C): Monitored using temperature sensors in stator windings,
bearings, and cooling systems.
v' Purpose: Prevent overheating, which can lead to insulation failure.
e Vibration: Measured using vibration sensors (accelerometers) on generator
bearings and housing.
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v Purpose: Detect mechanical imbalances or misalignments.
2. Transformer Monitoring
e Voltage (V): Monitored at both the primary and secondary windings using
voltage sensors.
Purpose: Ensure proper voltage regulation between generator output and grid
input.
e Current (A): Monitored using current transformers to measure load.
Purpose: Detect overloading and ensure optimal power transfer.
e Temperature (°C): Measured through sensors embedded in transformer
windings and oil.
Purpose: Monitor for overheating and manage cooling system efficiency.
e QOil Level and Pressure: Monitored in oil-cooled transformers using level and
pressure gauges.
Purpose: Ensure adequate cooling and prevent insulation breakdown.
e Tap Changer Position: Monitored using position sensors.
Purpose: Adjust voltage ratios based on load variations.
3. Switchgear and Circuit Breaker Monitoring
e Breaker Status (Open/Closed): Monitored using position sensors.
Purpose: Ensure correct switching operations and protection during
faults.
e Voltage and Current: Monitored through potential and current
transformers.
Purpose: Ensure circuit continuity and protection settings are correct.
e Breaking Capacity (kA): Monitored during fault conditions using fault
recorders.
Purpose: Ensure breakers can handle fault currents and protect the
system.
4. Control and Protection System Monitoring
e Relay Operation: Monitored using SCADA systems or dedicated
protection relays.
Purpose: Detect faults like overcurrent, overvoltage, and under-
frequency in real-time.
e AVR (Automatic Voltage Regulator): Monitored using voltage feedback
systems.
Purpose: Ensure the generator maintains the set output voltage under
varying loads.
e Synchronization Parameters: Monitored using synchronization relays and
meters (voltage, frequency, phase angle).
Purpose: Ensure safe synchronization of the generator to the grid.

107 |Hydropower Plant Operation — Trainee Manual




SCADA System Data: Collects real-time data from all electrical equipment
for central monitoring and control.
Purpose: Optimize plant performance and enable remote operations.

4+ Mechanical Equipment Monitoring

1. Turbine Monitoring

Flow Rate (m3/s): Monitored using flow sensors or meters in the
penstock.

Purpose: Ensure the turbine receives the correct water flow for optimal
power generation.

Head (m): Monitored using pressure transducers to measure the height
of the water column.

Purpose: Ensure adequate head is maintained for energy conversion.
Rotational Speed (RPM): Monitored using speed sensors or tachometers
on the turbine shaft.

Purpose: Maintain synchronous speed with the generator and grid.
Torque (Nm): Monitored using torque sensors on the turbine shaft.
Purpose: Detect mechanical issues such as excessive load or
misalignment.

Efficiency (%): Monitored by comparing hydraulic power input to
mechanical power output.

Purpose: Optimize turbine operation.

Vibration Levels (mm/s): Measured using accelerometers placed on the
turbine bearings and structure.

Purpose: Detect issues like misalignment, imbalance, or mechanical wear.
Temperature (°C): Monitored using thermocouples in critical areas such
as bearings and oil systems.

Purpose: Prevent overheating and damage to mechanical components.
Cavitation Detection: Measured using sensors or microphones to detect
cavitation noise or pressure fluctuations.

Purpose: Prevent damage to the turbine blades.

2. Penstock Monitoring

Water Pressure (MPa): Monitored using pressure transducers installed
along the penstock.

Purpose: Prevent excessive pressure (water hammer) and detect leaks or
blockages.

Flow Velocity (m/s): Monitored using flow meters to measure water
speed.

Purpose: Optimize water delivery to the turbine.
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e Structural Integrity: Monitored using strain gauges or sensors to detect
stress or deformation.
Purpose: Prevent failures in the penstock material due to overpressure or
wear.

3. Gates and Valves Monitoring

e Position Sensors: Measure the open or closed position of gates and
valves.
Purpose: Ensure proper operation and control of water flow.

e Pressure Sensors: Monitor the pressure around gates and valves.
Purpose: Detect excessive pressures that may indicate faults or leaks.

e Flow Rate: Monitored using flow sensors.
Purpose: Ensure proper flow regulation through gates and valves.

4. Bearings and Lubrication System Monitoring

e Bearing Load (kN): Monitored using load cells or pressure sensors.
Purpose: Ensure the bearings are not overloaded.

e Lubrication Flow Rate (L/min): Monitored using flow meters.
Purpose: Ensure adequate lubrication to prevent bearing wear or failure.

e Temperature (°C): Monitored using temperature sensors on bearings.
Purpose: Prevent overheating, which can lead to bearing failure.

e Vibration Levels (mm/s): Monitored using vibration sensors placed on
the bearings.
Purpose: Detect wear, misalighment, or imbalance in rotating parts.

5. Cooling System Monitoring
e Coolant Flow Rate (L/min): Monitored using flow meters to ensure
proper coolant flow.
Purpose: Ensure effective cooling of generator and turbine components.
e Inlet/Outlet Temperature (°C): Monitored using temperature sensors.
Purpose: Detect temperature rise and assess cooling system efficiency.
e Heat Exchanger Performance: Monitored using differential temperature
sensors.
Purpose: Ensure heat exchangers are removing excess heat effectively.
6. Centralized Monitoring via SCADA Systems
A SCADA (Supervisory Control and Data Acquisition) system is commonly used to
integrate and centralize all monitoring data from electrical and mechanical
equipment in a hydropower plant. It enables:
7. Real-time data visualization of electrical and mechanical parameters.
e Alarm generation for abnormal conditions (e.g., overvoltage, excessive
vibration, high temperature).
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e Automated control of equipment based on sensor inputs (e.g., adjusting
turbine speed or excitation).

e Historical data analysis to optimize performance and schedule
maintenance.

»
Points to Remember

Electrical Equipment Parameters: Essential metrics for generators include rated
power, voltage and current ratings, frequency, power factor, efficiency, and
synchronous speed for effective energy conversion and performance monitoring.
Transformers and Switchgear: Transformers require key parameters like power rating
and impedance, while switchgear must meet specific voltage, current, and breaking
capacity standards to ensure safe operation.

Control Systems: Important settings, such as relay protection configurations, AVR set
points, synchronization parameters, and SCADA data points, are crucial for reliable
and efficient plant operation.

Turbine Specifications: Critical parameters like turbine type, rated power output,
efficiency, head, flow rate, and cavitation coefficient are necessary for optimal
hydraulic energy conversion.

Penstock and Valve Details: Key parameters such as diameter, length, material,
maximum pressure, and flow control capacity are vital for maintaining hydraulic
efficiency and effective water management.

Mechanical Components: Parameters like bearing load, lubrication flow rate,
operating temperature, and cooling system metrics ensure reliability and longevity in
mechanical systems.

Monitoring Importance: Continuous monitoring of both electrical and mechanical
equipment is essential for optimal performance and safety, facilitating early detection
of abnormalities to minimize downtime.

SCADA Integration: A centralized SCADA system enhances monitoring by providing
real-time visualization, alarm generation, automated control, and historical data
analysis to optimize plant performance and maintenance scheduling.
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An perator of X hydropower plant is finishing the installation of electromechanical

Application of learning 3.1.

equipment of hydropower, this technician didn’t monitor the electrical and mechanical
equipment in order to be sure that is well functioning. As an operator you are hired to carry
out the monitoring of electrical and mechanical equipment parameters for ensuring good
functionality:

v" Monitor electrical equipment parameters

v" Monitor mechanical equipment parameters
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\/ Indicative Content 3.2: Recording of Functionality Data

Duration: 7hrs

@ A
O,E] Theoretical Activity 3.2.1: Identification of functionality data in hydropower plant

R .
@ equipment

Things 1o Do

Tasks:

1: Answer the following questions:
i. How does the plant perform in converting water energy into electricity?
ii. How is this efficiency affected by variations in water flow and head?
iii. How is real-time data monitored and processed in the plant?
2: Present the findings to the whole class.

3: Ask questions for more clarification if any

4: Read the key readings 3.2.1.

A

p Key readings 3.2.1.: Identification of functionality data in hydropower
plant equipment

In a hydropower plant, the identification of functionality data for equipment is
critical for efficient operation, monitoring, and maintenance. This data typically
includes operational parameters, performance metrics, and condition monitoring
information for various components of the plant.

Here's a breakdown of key areas where functionality data can be identified for
hydropower equipment:

1. Turbine

» Power Output (MW): The electrical power generated by the turbine.

» Rotational Speed (RPM): The speed at which the turbine shaft rotates.

» Water Flow Rate (m3/s): The volume of water passing through the
turbine.

» Efficiency: The ratio of energy output to the water energy input.

» Head (m): The height of water available to drive the turbine.

» Vibration and Temperature: Used for condition monitoring to detect
misalignment, imbalance, or wear.

2. Generator
» Voltage (V): The electrical potential generated.
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Current (A): The flow of electric charge produced.

Power Factor: Indicates the efficiency of the power conversion.
Frequency (Hz): The frequency of the alternating current produced.
Temperature (°C): Monitored for cooling systems to prevent overheating.

YV V VYV

Insulation Resistance: Measured for preventive maintenance to avoid
failures.

3. Transformers
> Input/Output Voltage (kV): Voltage transformation levels.
» Power Losses (W): Energy lost during transmission.
» Oil Temperature: In oil-cooled transformers, this is crucial for thermal
monitoring.
» Winding Resistance: To monitor wear and potential faults.
» Load Current: For monitoring transformer capacity.

4. Control Systems

» Gate Opening/Closing (Position): The position of sluice gates or wicket
gates regulating water flow.

» Governor System: Controls the speed of the turbine, including over speed
protection.

» Automatic Voltage Regulator (AVR): Manages the output voltage of the
generator.

» SCADA Data: Supervisory Control and Data Acquisition (SCADA) systems
provide real-time monitoring and control data across the plant.

5. Penstock
» Pressure (Pa): Measures the pressure of water in the penstock.
» Flow Rate (m3/s): Water flow passing through the penstock.
» Structural Integrity Data: Monitoring for leaks or deformations.

6. Dam and Reservoir
» Water Levels (m): Indicates the available water storage.
> Flow Rates (m3/s): Water inflow and outflow from the reservoir.
» Sediment Levels: Helps identify the need for dredging or other
maintenance.
» Spillway Gate Position: Indicates the control of excess water flow.

7. Auxiliary Systems
» Cooling System Data: Temperature and flow rates of cooling water or air
in cooling systems.
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» Lubrication System: Qil levels, pressures, and temperature in bearings.
» Battery System Health: Voltage and capacity for emergency backup
systems.

8. Protection Systems
» Trip Signals: Data from protection relays for overcurrent, overvoltage,
and short-circuit protection.
» Breaker Status: Open or closed status of circuit breakers.
» Alarm Logs: Data from alarms triggered by operational anomalies.

9. Performance Metrics
» Capacity Factor: The actual output of the plant as a percentage of its
maximum capacity.
» Availability: Time that the plant is available for operation compared to
total time.
» Reliability Index: Measures the likelihood of equipment failure.

»
! Practical Activity 3.2.2: Recording of functionality data in hydropower plant

@ equipment
:ThI"“; Mj Task:

1: After Identifying functionality data in hydropower plant equipment, you are asked to
record of functionality data in hydropower plant equipment by performing the following
tasks:
i.  Record and analyse the turbine functionality data of hydropower plant

ii.  Record and analyse the generator functionality data of hydropower plant

iii.  Record and analyse the transformer functionality data of hydropower plant

iv.  Record and analyse the control system functionality data of hydropower plant
2: Follow instructions and apply safety precautions
3: Observe the recording process of hydropower plant equipment and ask questions for
clarification if any.
4: Record the hydropower plant equipment
5: Present your work to the trainer and the whole class.
6: Ask questions for clarification where necessary.

114 |Hydropower Plant Operation — Trainee Manual



@
©

Key readings 3.2.2: Recording of functionality data in hydropower plant
equipment

The recording of functionality data in a hydropower plant involves capturing and
storing key operational parameters and performance metrics from various
equipment and systems within the plant. This data is essential for real-time
monitoring, performance analysis, maintenance planning, and ensuring
operational efficiency. The process involves various technologies, such as
sensors, data acquisition systems, and control systems.

+ Key Steps and Systems Involved in Recording Functionality Data:
1. Sensors and Instrumentation

» Installation of Sensors: Sensors are installed on critical equipment like
turbines, generators, transformers, gates, and auxiliary systems to
measure real-time operational parameters such as:

¢ Flow rate

s Pressure

+» Temperature

¢+ Vibration

+» Voltage, current, and power output

» Types of Sensors: Common sensors include pressure transducers,
thermocouples, flow meters, accelerometers, and voltage/current

sensors.

» Signal Conversion: Data is collected as analog signals and often converted
to digital signals for further processing and recording.

2. Data Acquisition Systems (DAS)

> Data Collection: DAS collect real-time data from the sensors and
instrumentation throughout the plant.

» Data Logging: The acquired data is logged in real time or at predefined
intervals. The system can store data locally (in data loggers or distributed
control systems) or send it to central servers.
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Sample Rates: The system can be configured to record data at various
sample rates depending on the criticality of the equipment and the type
of data (e.g., real-time monitoring for critical equipment like turbines).

3. Supervisory Control and Data Acquisition (SCADA) System

>

Real-Time Data Capture: SCADA systems play a central role in collecting
and recording data from various components of the plant. SCADA
monitors and controls operational processes and gathers data from
turbines, generators, gates, and transformers.

Alarm and Event Logging: SCADA records events such as system alarms,
faults, or trips, along with timestamps and details of the incident.

Historical Data Storage: SCADA systems store data over time for future
analysis, such as performance trend analysis and operational diagnostics.

4. Programmable Logic Controllers (PLCs)

>

Process Control and Data Logging: PLCs are used to control equipment
like turbines and gates. They also log data on operational parameters like
gate position, turbine speed, and system status.

Recording Control Actions: Any changes in operational settings (e.g.,
opening or closing of gates, starting or stopping turbines) are recorded in
the PLC for traceability.

5. Data Historian Systems

>

Long-Term Data Storage: A data historian system records large volumes
of operational data over extended periods. This data is usually stored in a
time-series format.

Data Retrieval: Historian systems allow operators and engineers to
retrieve historical data for trend analysis, performance monitoring, and
comparison.

Key Metrics Stored: Typical data recorded includes power output, water
flow, generator efficiency, head levels, and other key performance
indicators.
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6. Condition Monitoring Systems

» Vibration Monitoring: Sensors attached to rotating equipment (e.g.,
turbines and generators) continuously monitor vibrations. The data is
recorded to detect any deviations from normal operating conditions.

» Temperature Monitoring: Critical components such as bearings,
windings, and lubricating oil are monitored for temperature. This data is
recorded to ensure proper cooling and prevent overheating.

» Lubrication and Oil Analysis: Data from sensors monitoring lubrication
systems and oil quality (e.g., transformer oil) is recorded to assess
equipment health and schedule maintenance.

7. Maintenance Management Systems (CMMS)

» Operational Data Recording: The operational history of equipment, such
as runtime hours, maintenance history, and failure logs, is recorded in a
CMMS (Computerized Maintenance Management System).

» Predictive Maintenance: Based on the recorded data, CMMS helps
schedule preventive and predictive maintenance to avoid breakdowns.

» Failure and Repair Logs: CMMS systems store data related to equipment
failures, causes of failure, repairs carried out, and the status of repairs.

8. Manual Data Recording

» Operator Logs: Operators often manually record data during plant
inspections, such as visual inspections or manual readings from gauges.
These logbooks may contain notes on operational issues or anomalies.

» Inspection and Maintenance Records: When performing maintenance,
plant personnel record inspection results, parts replaced, and any
adjustments made to the equipment.

9. Cloud-Based Data Storage

» Remote Data Logging: Many modern hydropower plants use cloud-based
storage solutions to record and access operational data from anywhere,
providing real-time visibility and analytics on the plant’s performance.

» Scalable Storage: Cloud systems allow for the collection and storage of
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vast amounts of data, including historical performance metrics, fault logs,
and system analytics.

10. Security and Access Logs

» User Access Logs: Access to control systems and critical equipment is
logged to track which users or operators made changes to the system.

» Cybersecurity Monitoring: For plants with digital control systems,
cybersecurity systems monitor and log access attempts, changes to
control settings, and potential breaches.

11. Recording Fault and Protection System Data

» Relay Event Recording: Protection systems such as relays and circuit
breakers monitor electrical faults (e.g., overcurrent, short circuits). These
events are recorded with detailed information on the cause and time of
occurrence.

» Trip Logs: When circuit breakers trip due to a fault, the event is logged
with details such as the type of fault and location.

12. Performance and Efficiency Recording

» Energy Output: The plant’s total energy production is continuously
recorded. This includes data on generated power, turbine efficiency, and
water usage.

» Load Factor: The load factor of the plant (the ratio of actual output to
maximum potential output) is recorded to measure overall performance
and efficiency.

13. Penstock and Water Flow Recording

> Flow Rate and Pressure Data: The water flow through the penstock and
the pressure exerted on the system are recorded in real time. This helps
in optimizing the plant’s efficiency by ensuring proper water flow to the
turbine.

» Water Level and Head Data: Reservoir water levels and the hydraulic
head are continuously monitored and recorded to ensure efficient power
generation.
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»
Points to Remember

e Essential Operational Parameters: |dentifying critical functionality data, including
operational parameters and performance metrics, is vital for the efficient operation
and maintenance of hydropower equipment.

e Turbine and Generator Metrics: Key data for turbines includes power output,
rotational speed, and efficiency, while generator readings focus on voltage, current,
power factor, and temperature for effective maintenance.

e Transformer and Control System Data: Important metrics for transformers involve
voltage transformation levels and power losses, alongside control parameters for
gates and Automatic Voltage Regulators (AVR).

e Comprehensive Monitoring: Auxiliary systems, protection signals, and performance
metrics like capacity factor and reliability index are crucial for maintaining plant
safety and optimizing performance.

e Importance of Data Recording: Capturing and storing functionality data from
hydropower equipment is critical for real-time monitoring, performance analysis,
and operational efficiency.

e Technological Integration: The use of sensors, Data Acquisition Systems (DAS),
SCADA, and PLCs enhances data collection, while data historian systems support
long-term storage and condition monitoring for predictive maintenance.

ot

A hydropower plant has installed new equipment and requires a technician to record and

Application of learning 3.2.

analyze the data. As a technician, you have been invited to carry out the recording and
analysis of the equipment at the hydropower plant.
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V Indicative Content 3.3: Shutting Down of Hydropower Plant.

Duration: 6 hrs
@

Gﬁ'fﬁl Theoretical Activity 3.3.1: Identification of shutting down hydropower plant

AR
-

Things 1o Do
’ Q‘ Tasks:

1: Answer the following questions:
i. What are the primary reasons for the shutdown?

ii. What is the procedure for initiating a planned shutdown?
iii. What is the impact of the shutdown on power supply to the grid?
2: Present the finding to the whole class.

4: Ask questions for more clarification if any

5: Read the key readings 3.3.1

A

p Key readings 3.3.1.: Identification of shutting down hydropower plant
The identification of the need to shut down a hydropower plant involves
recognizing specific conditions or factors that signal the necessity for either a
planned or emergency shutdown. These factors help operators make informed
decisions to ensure safety, protect equipment, and optimize operations. Here's
how you can identify the need to shut down a hydropower plant:

1. Operational Indicators

» Abnormal Equipment Behavior: Unexpected noises, vibrations, or
malfunctions in turbines, generators, or other key equipment.

» Reduced Efficiency: A noticeable drop in power output efficiency or
increased energy losses.

» Unstable Grid Conditions: Sudden fluctuations in power demand, grid
instability, or frequency variations that could harm the system.

2. Environmental Factors

» Low Water Levels: Insufficient water in the reservoir or flow rates that
drop below safe operational levels.

» Drought or Seasonal Changes: Prolonged periods of low water
availability, requiring plant shutdown to conserve resources or comply
with water usage regulations.

» High Sedimentation: Excessive sediment buildup in the reservoir or
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penstock that can damage turbines and reduce efficiency.
3. Mechanical and Electrical Failures

» Equipment Failures: Critical failures in components like the turbine,
generator, transformers, or gates that require immediate attention.

» Overheating: Rising temperatures in generators, bearings, or
transformers beyond safe operating limits.

» Electrical Faults: Protection systems detecting issues such as overcurrent,
short circuits, or phase imbalances, requiring shutdown to prevent
damage.

4. Scheduled Maintenance

» Routine Inspections: Regularly scheduled maintenance activities like
cleaning, lubricating, or replacing worn-out parts.

» Planned Upgrades: Upgrading or modernizing equipment such as
turbines, control systems, or transformers.

5. Emergency Situations

» Natural Disasters: Situations like floods, earthquakes, or landslides that
put the plant's operation or structural integrity at risk.

» Dam Safety Concerns: Detection of cracks, leaks, or structural
weaknesses in the dam, requiring immediate plant shutdown.

» Severe Weather: Extreme weather events like heavy storms, lightning, or
high winds that could endanger the plant’s operation.

6. Grid or Power Supply Issues

» Excess Power Generation: Overproduction due to low demand, making it
necessary to temporarily shut down the plant to avoid grid instability.

» Grid Management: Coordination with grid operators to reduce power
output or temporarily halt operations due to fluctuations in power
demand.

7. Safety Protocols and Regulations

» Safety Alarms and Warnings: Activation of safety systems or alarms
indicating unsafe operating conditions, requiring an immediate
shutdown.

» Regulatory Requirements: Shutdowns mandated by government or
environmental regulations for reasons such as fish migration, drought, or
seasonal water management.

8. Economic Factors

» High Operational Costs: If the costs of running the plant exceed the
financial benefits during periods of low electricity demand.

» Fuel or Resource Shortage: Lack of necessary resources, such as water,
which makes continued operation unsustainable.

121 |Hydropower Plant Operation — Trainee Manual




9. Operator Discretion
» Human Decision-Making: Experienced operators may recognize early
warning signs or unusual patterns in data that indicate the need for a
preemptive shutdown to avoid more severe issues.
10. Automation and Monitoring Systems
» Automated Systems: Control systems (e.g., SCADA) may detect and
trigger alarms or shutdown procedures automatically when they sense
unsafe or abnormal conditions.
» Real-Time Data: Continuous monitoring of parameters like flow rates,
pressures, and temperatures can alert operators to impending problems.

&
s Practical Activity 3.3.2.: Shutting down hypower plant

_

:[hlnﬂ; 000
£ 1 Task:

et

1: After identifying the need to shut down hydropower plant, you are asked to shut down
hydropower plant by performing the following tasks:

iii.
iv.

V.

Evaluate shutdown need and notify stakeholders

Gradually reduce water flow and turbine speed.

Shut down turbines, disengage generators, and disconnect from the grid.
Isolate electrical systems and discharge stored energy.

Safely stop auxiliary systems (cooling, lubrication).

2: Follow instructions and apply safety precautions
3: Observe the shutting down process of hydropower plant and ask questions for

clarification if any.

4: Shut down the hydropower plant

5: Present your work to the trainer and the whole class.
6: Ask questions for clarification where necessary

RS

p Key readings 3.3.2: Shutting down of hydropower plant

The shutting down of a hydropower plant involves carefully halting the plant’s
operations to ensure safety, protect equipment, and maintain operational
integrity. This process can be initiated for scheduled maintenance, emergency
situations, or operational reasons like low water levels or grid demand
fluctuations.
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+ Key Steps in Shutting Down a Hydropower Plant:
1. Preparation

» Assess Shutdown Need: Identify whether the shutdown is for scheduled
maintenance, emergencies, or operational adjustments.

» Notify Stakeholders: Inform grid operators, plant staff, and regulatory
bodies about the shutdown schedule or emergency.

» Activate Safety Protocols: Ensure that all safety procedures are in place
for personnel and equipment during the shutdown.

2. Control Water Flow

» Close Intake Gates: Gradually close the gates that control water flow into
the turbines, reducing the water flow to safe levels.

» Reduce Water Flow to the Turbine: Adjust the turbine’s wicket gates to
minimize the amount of water entering the turbine, decreasing the
rotational speed.

3. Turbine Shutdown

» Slow Turbine Rotation: Gradually bring the turbine’s rotational speed to
a halt to avoid damaging the equipment.

» Disengage Turbine from Generator: Mechanically or electronically
disconnect the turbine from the generator, stopping electricity
production.

» Apply Brakes (if necessary): Use hydraulic or mechanical brakes to lock
the turbine in place.

4. Generator Shutdown

» Reduce Power Output: Slowly decrease the generator’s power output by
reducing the excitation current.

» Disconnect from Grid: Safely isolate the generator from the electrical grid
to avoid back-feeding or grid instability.

» Power Down the Generator: Once the generator is isolated from the grid,
fully shut down the generator.

5. Electrical System Isolation

» Open Circuit Breakers: Open breakers to completely isolate the plant
from the power grid.

» Deactivate Transformers: Shut down or isolate transformers if required
during the shutdown process.

» Discharge Stored Energy: Safely discharge any remaining electrical
energy from the system.

6. Shutting Down Auxiliary Systems

» Cooling Systems: Gradually shut down cooling systems for the turbines
and generators once they have cooled sufficiently.

» Lubrication Systems: Turn off lubrication systems after the equipment
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has come to a complete stop.

» Deactivate Control Systems: Shut down control, monitoring, and

ventilation systems as part of the shutdown process.
7. Implement Lockout-Tagout (LOTO)

» Lock and Tag Equipment: Apply Lockout-Tagout procedures to ensure
equipment remains safely shut down and cannot be accidentally
restarted during maintenance or inspection.

8. Post-Shutdown Monitoring

» Monitor Water Levels and Flows: Continue to monitor reservoir water
levels and manage water flow via spillways or bypass channels.

» Inspect for Issues: Perform inspections to detect any immediate
maintenance or repair needs.

9. Record and Document the Shutdown

» Log Shutdown Details: Record the time, reason for the shutdown, and
any issues encountered during the process for future reference and
analysis.

» Emergency Shutdown Process:

» In emergency situations, the shutdown process is expedited:

» Activate Emergency Shutdown: Immediately trigger emergency stop
systems to halt turbine and generator operations.

» Close Water Intake: Quickly shut the intake gates to stop water flow into
the turbines.

» Disengage from Grid: Instantaneously disconnect the plant from the grid
to avoid potential hazards.

+ Reasons for Shutting Down a Hydropower Plant:
Scheduled Maintenance: For equipment inspections, repairs, or upgrades.
Operational Adjustments: Low water levels, overproduction, or low power
demand.
Emergency Shutdown: Equipment failure, natural disasters, dam safety
concerns, or grid instability.
Environmental Factors: Regulations or conditions such as droughts, sediment
buildup, or fish migration.

+ Purpose of Shutdown
Purpose of Shutdown: The shutdown process is essential for ensuring safety,
protecting equipment, and maintaining operational integrity, initiated for
scheduled maintenance, emergencies, or operational reasons.

+ Preparation Steps
Preparation Steps: Assess the need for shutdown, notify stakeholders, and
activate safety protocols:
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1. Water Flow Control: Gradually close intake gates and adjust turbine wicket
gates to manage water flow safely.

2. Turbine and Generator Shutdown: Slow down turbine rotation, disengage
from the generator, and reduce power output before isolating from the grid.

3. System lIsolation: Open circuit breakers, deactivate transformers, and
discharge stored energy to fully isolate the electrical system.

4. Post-Shutdown Actions: Monitor water levels, inspect for issues, document
the shutdown details, and implement Lockout-Tagout (LOTO) procedures for
safety.

5. Emergency Shutdown: In emergencies, activate emergency stop systems,
quickly close water intake, and disconnect from the grid to mitigate hazards.

»
Points to Remember

e |dentify whether the shutdown is for scheduled maintenance, emergencies, or
operational adjustments.

e Inform grid operators, plant staff, and regulatory bodies about the shutdown
schedule or emergency.

e Ensure that all safety procedures are in place for personnel and equipment during
the shutdown.

v Control Water Flow

Turbine Shutdown

Generator Shutdown

Electrical System Isolation

Shutting Down Auxiliary Systems

Implement Lockout-Tagout (LOTO)

Post-Shutdown Monitoring

NN NN

Record and Document the Shutdown

ot

A hydropower plant experiences a sudden increase in vibration levels in one of its main

Application of learning 3.3.

turbines, detected by the plant’s monitoring systems. The increased vibration could indicate
potential mechanical failure, such as a misalignment or damage to the turbine bearings. To
avoid catastrophic damage to the turbine and generator, and to ensure the safety of the
plant, due to the affected unit immediately. As an operator shut down properly hydropower
plant according to sequence and operational status.
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\/ Indicative Content 3.4: Elaborating Operational Report.

Duration: 5 hrs

@ A~
Gﬁ'fﬁ Theoretical Activity 3.4.1: Identification of elaborating operational report of
=R

~ & hydropower plant

;’hmgs 1o Do

Tasks:

1: Answer the following questions:
i.  What is the total energy generated during the reporting period?
ii.  What was the plant's operational efficiency?
iii.  What was the capacity factor during the reporting period?

2: Present the findings/answers to the whole class.
3: Ask questions for more clarification if any

4: Read the key readings 3.4.1

A
p Key readings 3.4.1: Identification of elaborating operational report of
hydropower plant.
The identification of an elaborate operational report of a hydropower plant is
crucial for setting the context and scope of the report. It typically provides a
detailed overview of the plant’s core information, its location, capacity, and the
stakeholders involved.
Below are key components that should be included in the identification of the
report:
1. Basic Plant Information
» Name of the Hydropower Plant: Clearly state the official name of the
hydropower station.
» Location: Provide geographic details, including the river system and the
specific region (e.g., country, province) where the plant is located.
» Commissioning Date: Specify when the plant became operational, along
with any significant upgrades over time.

2. Installed Capacity
» Generation Capacity (MW): Identify the total installed power generation
capacity.
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» Number of Generators/Turbines: Detail the number and types of
turbines used, along with their individual capacities.

3. Type of Plant
» Hydropower Classification: Mention whether the plant is a run-of-the-
river, storage, or pumped-storage hydropower facility.
» Dam and Reservoir Characteristics: Provide details on the dam type,
reservoir capacity, and water retention systems.

4. Operational Scope
» Operating Company/Authority: Indicate the owner or operator of the
hydropower plant (e.g., government agency, private company).
» Regulatory Body: Name the regulatory body responsible for overseeing
plant operations and compliance with laws.
» Power Offtake Agreement: Mention the agreement in place for selling
power (e.g., Power Purchase Agreements, market sales).

5. Hydrological Data
» River System Information: Identify the river or water source that feeds
the plant, including average water flow and seasonal variation.
» Catchment Area: Provide details of the catchment area that supports the
water flow into the plant.

6. Operational Parameters
» Design Water Flow: Outline the design flow of water through the
turbines (measured in cubic meters per second).
» Head (Water Pressure): Mention the plant's design head, or the height
difference between the reservoir and the turbines.
» Annual Energy Production (MWh): Include a summary of historical or
projected annual electricity production.

7. Stakeholders
» Key Stakeholders: Identify the major stakeholders involved in the
project—such as government agencies, investors, and local communities.
» Environmental and Social Impact Stakeholders: List entities involved in
monitoring environmental and social impacts, including local community
engagement.

8. Purpose of the Report
» Scope of Report: Clearly define the report’s objective, whether it is for
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operational analysis, compliance review, financial performance, or
environmental auditing.

» Timeframe: Specify the period the report covers (e.g., annual, semi-
annual, quarterly operational report).

9. Historical Performance Data
» Operational History: Briefly outline key historical milestones and
performance, including any operational improvements or challenges
encountered in past years.

10. Relevant Certifications and Standards
» ISO Certifications: If the plant adheres to any international standards
(e.g., ISO 14001 for environmental management), mention them here.
» Environmental Certifications: Identify if the plant has any environmental
sustainability certifications or endorsements from local authorities.

&
‘ Practical Activity 3.4.2.: Elaborate report of hydropower plant

-
ngs o Do
Tm ' ] Task:

1: After identifying the need for elaborating operational report of hydropower plant, you
are asked to elaborate operational report of hydropower plant by performing the following
tasks:
i. Collect and analyze energy production data plant’s control system
ii. Measure and record water flow and reservoir levels during the reporting period.
iii. Conduct equipment performance and condition and report on their operational
status.
iv. Provide a clear record of maintenance interventions and their impact on plant
availability.
v. Report safety incidents and environmental data.
2: Follow instructions and apply safety precautions
3: Observe the elaborating report process of hydropower plant and ask questions for
clarification if any.
4: Elaborate report of the hydropower plant
5: Present your work to the trainer and the whole class.
6: Ask questions for clarification where necessary
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A

p Key readings 3.4.2: Elaborating report of hydropower plant

Elaborating a report for a hydropower plant involves organizing detailed
information about the plant's operations, maintenance, financial performance,
environmental impact, and future outlook. Below is a structured guide to
creating an in-depth report, with a focus on providing actionable insights, data,
and recommendations for stakeholders.

+ Hydropower Plant Operational Report
1. Executive Summary
Overview: Provide a high-level summary of the plant’s key performance metrics,
challenges faced, and major achievements during the reporting period.
Highlights: Mention key figures like total electricity generated, operational
efficiency, revenue, and environmental compliance.
Purpose of the Report: Briefly state the objective of the report, such as
evaluating operational performance, reviewing maintenance activities, and
planning for future improvements.

2. Plant Overview

Location and General Information:

Location: Geographic position and regional significance of the plant.

Plant Type: Specify whether it’s a run-of-river, reservoir-based, or pumped-
storage hydropower plant.

Installed Capacity: Total generating capacity (MW) and details on the number
and type of turbines (e.g., Kaplan, Francis, Pelton).

Operational History:

Commissioning Date: When the plant started operations.

Ownership and Management: Details on the plant’s ownership, whether it’s
government-operated, privately managed, or part of a public-private
partnership.

3. Energy Production and Performance Analysis

Total Energy Generated:

Provide the total electricity produced (in MWh or GWh) over the reporting
period, with a comparison to previous years or periods.

Load Factor and Capacity Utilization:

Discuss the plant’s load factor, measuring how efficiently the plant has been
used.

Comment on capacity utilization during peak and off-peak seasons.

Performance Against Targets:
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Compare actual generation to forecasted targets or PPA (Power Purchase
Agreement) obligations.

Peak Demand and Generation:

How well did the plant meet peak demand periods? Analyze production during
high-demand times (e.g., summer or winter months).

4. Water Resource and Reservoir Management

Water Inflows and Outflows:

Provide data on water availability during the reporting period, including seasonal
variations.

How were water inflow and outflow managed to optimize electricity production?
Reservoir Levels:

Discuss the management of reservoir levels, ensuring there’s sufficient water
during peak generation periods.

Water Usage Efficiency:

Specific water consumption (m* per MWh produced) and any actions taken to
improve water use efficiency.

Sedimentation Control:

Report on sediment management activities to prevent silt buildup that could
reduce water storage or affect turbine performance.

5. Maintenance and Reliability

Scheduled Maintenance:

Summarize maintenance activities, such as inspections, cleaning, and repairs
performed on turbines, generators, and other equipment.

Preventive maintenance schedules and any upgrades that were implemented.
Unscheduled Maintenance:

Discuss any equipment breakdowns or failures that resulted in unplanned
downtime.

Describe how quickly issues were resolved and how the plant was brought back
online.

Reliability Metrics:

Provide key metrics such as plant availability factor (percentage of time the plant
was operational) and forced outage rate.

6. Financial Performance

Revenue:

Total revenue generated from power sales. Break it down by type (long-term
contracts vs. spot market sales).

Tariffs or rates at which power was sold and any changes in the revenue model.
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Operational Expenses:

Breakdown of operating costs, including maintenance, labor, materials, and
energy transmission.

Comparison of actual expenses against the budget and explanations for any
deviations.

Cost per MWh:

Report on the cost per unit of electricity generated, with a comparison to
previous periods or industry standards.

Capital Expenditures:

If any major equipment or infrastructure was upgraded or replaced, provide
details on the capital costs involved.

7. Environmental Impact and Compliance
Regulatory Compliance:
Detail compliance with local, regional, and national environmental regulations
(e.g., water discharge permits, fish passage requirements).
Were there any non-compliance incidents or fines? If so, explain how they were
addressed.
Impact on Aquatic and Terrestrial Ecosystems:
Report on measures taken to minimize harm to aquatic life (e.g., fish ladders,
screens).
Any monitoring programs or data on water quality parameters (temperature,
turbidity, dissolved oxygen).
Sustainability Initiatives:
Actions taken to reduce the environmental footprint, such as sediment removal,
riverbank restoration, or reforestation efforts around the reservoir.

8. Safety and Workforce Management

Safety Incidents:

Detail any safety-related incidents, accidents, or near-misses that occurred during
the reporting period.

Describe the safety protocols in place to mitigate risks and ensure the well-being
of workers.

Safety Training:

Ongoing safety training programs and their effectiveness in maintaining a safe
working environment.

Workforce:

Size of the workforce, including full-time staff, contractors, and temporary
workers.
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Staff training and development programs to improve operational efficiency and
skills.

9. Grid Integration and Energy Market

Grid Connection:

Describe how the plant’s electricity output is integrated into the regional or
national grid.

Report on any issues related to grid stability, curtailment, or transmission losses.
Energy Sales:

Breakdown of energy sold under long-term PPAs vs. spot market or ancillary
services.

Grid Services:

How the plant contributed to grid stability through frequency regulation or voltage
support.

10. Risk Management and Future Outlook

Key Risks:

Identify potential risks affecting operations, such as water shortages, equipment
aging, or regulatory changes.

Climate-related risks (e.g., changing precipitation patterns) and how they could
impact water availability and generation capacity.

Mitigation Strategies:

Actions being taken to mitigate identified risks, such as upgrading equipment,
improving water management practices, or diversifying energy sources.

Future Plans:

Any planned expansions or upgrades to the plant (e.g., adding capacity,
retrofitting with modern technology).

Projections for future energy demand and water availability.

11. Recommendations and Actionable Insights

Operational Improvements:

Suggest specific improvements to enhance efficiency, such as optimizing turbine
performance or upgrading control systems.

Maintenance Strategy:

Recommendations for improving maintenance procedures to reduce downtime
and extend equipment life.

Environmental Management:

Propose actions to further reduce the environmental footprint, such as investing
in more advanced sediment management systems or enhancing fish passage
structures.
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Financial Recommendations:
Suggestions for improving cost control and revenue generation, such as
renegotiating PPAs or reducing operational inefficiencies.

»
Points to Remember

e Plant Information: Name, location, commissioning date, and major upgrades.

e Capacity and Equipment: Installed capacity, turbine types, and individual capacities.

e Plant Type and Features: Type (run-of-the-river, storage, or pumped-storage) and
dam/reservoir characteristics.

e Operational and Hydrological Data: Operating company, regulatory body, river
system, catchment area, and water flow details.

e Purpose, Scope, and Executive Summary: Objectives, reporting period, key metrics,
achievements, and challenges.

e Performance, Maintenance, and Compliance: Energy generation, maintenance
schedules, financials, environmental impact, and safety adherence.

N
(%

A power generation company has decided to invest in renewable energy and is exploring the

Application of learning 3.4.

feasibility of building hydropower plant on the "Umuvumba River." As you are team of
participants, you have been tasked to prepare an elaborated feasibility report for the power
plant generation company, which will include technical factors.
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lz.=®Learning outcome 3 end assessment

Written assessment

I.Read the following statement related to maintain hydropower plant operation and
choose the correct answer:

1. Why is monitoring the frequency of the electrical output critical in a hydropower plant?
a) It helps maintain turbine efficiency.

b) It ensures synchronization with the power grid.

c) It regulates water flow.

d) It measures the temperature of the generator.

2. What type of monitoring system is typically used to track the temperature of generator
windings?

a) Vibration analysis system.

b) Temperature monitoring system with sensors.

c) Flow meter.

d) Pressure gauge.

3. What type of data is typically recorded to monitor the electrical output of a generator?
a) Voltage, current, and frequency.

b) Water flow rate and temperature.

c) Air pressure and humidity.

d) Staff working hours.

4. Which system is commonly used for the real-time recording of functionality data in a
hydropower plant?

a) Manual logbooks.

b) Supervisory Control and Data Acquisition (SCADA).

c) Excel spreadsheets.

d) Paper charts.

5. What is the primary purpose of a planned shutdown in a hydropower plant?

A. To disconnect from the power grid permanently

B. To maintain and inspect equipment

C. Toincrease water storage in the reservoir

D. To reduce operational efficiency

6. What is the most critical action when performing an emergency shutdown of a
hydropower plant?

A. Isolating the plant from the electrical grid

B. Increasing the water flow to the turbines

C. Increasing the generator speed

D. Switching off the lubrication system
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7. Which component in a hydropower plant typically requires the longest cooling period
before complete shutdown?

A. Transformer

B. Generator

C. Guide vanes

D. Turbine bearings

8. What is the main purpose of an operational report for a hydropower plant?
A. To monitor employee performance

B. To document energy production and operational performance

C. To plan the expansion of the power plant

D. To assess the financial condition of the grid operator

Il.Read the following statement related to maintain hydropower plant operation and
answer by True if the statement is correct and False if the statement is wrong:

1. The main method of controlling power output in a hydropower plant is by adjusting the
water flow through the turbine.

2. The generator’s electrical output is directly proportional to the speed of the water flow
through the turbine.

3. Power output can be controlled by changing the pressure of water in the penstock
without adjusting the water flow rate.

4. In a hydropower plant, the generator output is controlled by varying the frequency of the
power grid.

5. The transformer plays a key role in controlling the power output by stepping up the
voltage for transmission to the grid.

6. Controlling the power output of a hydropower plant has no impact on grid frequency
stability.

7. The governor system automatically adjusts the guide vanes' opening to maintain constant
turbine speed when load changes occur.

8. The plant's control system can reduce the power output by increasing the amount of
water flowing through the turbine.

9. Hydropower plant output is adjusted continuously based on real-time energy demand
from the grid.

10. The control room operator manually adjusts the power output by turning valves in the
penstock.
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Practical assessment

The grid demand fluctuates throughout the day due to changes in consumer usage patterns.
During peak hours, the demand for electricity increases, requiring the hydropower plant to
ramp up its power output. During off-peak hours, the demand decreases, and the plant
needs to lower its output to avoid overloading the grid. The plant operator must control the
water flow through the turbine and regulate the generator output to meet the varying
demands while maintaining the plant’s efficiency and stability. As plant operator adjust the
power output of a hydropower plant in response to fluctuations in grid demand while
maintaining optimal plant efficiency and system stability.
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Indicative contents

4.1 Performing preventive maintenance

4.2 Performing corrective maintenance

4.3 Testing of maintained equipment

4.4 Elaborating maintenance report

Key Competencies for Learning Outcome 4: Maintain Hydropower Plant Equipment.

Knowledge

Skills

Attitudes

Identification of
the fault and fault’s
root

Identification of
Fault rectification

Description of
types of technical
report and report
contents

Implementing of
maintenance plan
Applying of
maintenance
procedures
Checking of fault
rectification
Applying the types
of testing

Testing
instrument
Conducting
equipment tests
Elaborating report
format structure

and reporting
methods

Being attentive

Having critical
thinking

Being careful
while applying
of maintenance
procedures.

Being accurate
while testing
instrument
Being self-
confident
Being a good
communicator
Being a time
manager
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Duration: 25 hrs

“9

Learning outcome 4 objectives:
By the end of the learning outcome, the trainees will be able to:

1. Identify properly preventive maintenance tasks based on maintenance plan for
hydropower plant.

2. Implement correctly maintenance plan based on hydropower plant.
3. Identify properly corrective maintenance based on fault identified

4. Perform correctly the testing instrument based on equipment performance of
hydropower plant

5. Elaborate properly maintenance report based on maintenance activities.

‘I ﬁ.ﬁ
Resources

Equipment Tools Materials
e PPE e Pliers e [nsulation tape
e Multimeter e Spanners e Bolts
e Insulation ® Screw drivers e Nuts
resistance tester e Hammer ® Screws wires
e Phase rotational e Wrench e Cables
tester e Allen-keys set e Grease
e Tachometer electronics toolkit e Lubricants
e Earth resistance e Computer. e Pen
tester
e Paper.
® Leak detector
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u Indicative Content 4.1: Performing Preventive Maintenance

o
i
-~

Duration: 5 hrs

Theoretical Activity 4.1.1: Identification of preventive maintenance for

hydropower plant

:ﬂlh\o—s o 60
y w Tasks:

1: Answer the following questions:

What is preventive maintenance of hydropower plant?

Identify implementation of maintenance plan of hydropower plant

2: Present the findings to the whole class.

3. Ask questions for more clarification if any

4: Read the key readings 4.1.1

@
e

Key readings 4.1.1.: Identification of preventive maintenance for
hydropower plant

1. Implementation of Maintenance Plan

Implementation of a Maintenance Plan for a Hydropower Plant involves
executing a structured strategy designed to keep the plant's equipment and
systems in optimal working condition. The plan includes preventive and
corrective maintenance tasks tailored to the specific needs of hydropower plant
operations.

Preventive maintenance is crucial for ensuring the longevity and efficiency of
hydropower plant equipment. This maintenance plan is categorized into daily,
weekly, monthly, and annual activities.

Daily Maintenance

Visual Inspections: Check for any visible leaks, unusual noises, or vibrations in
the turbine-generator set.

Lubrication: Ensure all moving parts are properly lubricated.

Instrumentation Check: Verify that all sensors and gauges are providing
accurate readings.

141 |Hydropower Plant Operation — Trainee Manual




¢ Cooling Systems: Inspect cooling water levels and ensure proper operation of
cooling fans.

e Debris Removal: Clear any debris from intake screens and waterways to
ensure unobstructed water flow.

Weekly Maintenance
e Turbine and Generator Inspection: Perform a more thorough inspection of the
turbine and generator for wear or damage.

¢ Hydraulic System Check: Inspect hydraulic oil levels and check for leaks in
valves and pipelines.

o Electrical Systems: Test the operation of emergency stop buttons and other
critical electrical controls.

¢ Vibration Monitoring: Conduct vibration analysis to detect early signs of
imbalance or misalignment.

¢ Housekeeping: Ensure that all areas around the equipment are clean and free
from obstructions.

Monthly Maintenance
¢ Lubrication System: Inspect and clean lubrication systems, including oil filters
and reservoirs.

¢ Transformer Inspection: Check the transformers for oil levels, temperature,
and signs of overheating.

e Control System Testing: Test the functionality of the SCADA system and other
control systems for accuracy and response.

e Gate and Valve Operation: Operate gates and valves to ensure they are
functioning smoothly and there are no blockages.

¢ Sediment Monitoring: Assess sediment levels in the reservoir and around the
intake area to plan for removal if necessary.

Annual Maintenance
¢ Major Overhaul: Conduct a detailed inspection and overhaul of the turbine
and generator. This includes checking the runner, wicket gates, and bearings.

e Insulation Testing: Perform insulation resistance tests on electrical
components to detect any degradation.

e Cooling System Overhaul: Clean and service the entire cooling system,
including heat exchangers and cooling towers.
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e Structural Inspection: Inspect the dam, spillways, and intake structures for any
signs of wear, cracks, or erosion.

e Training and Safety Drills: Conduct training sessions and safety drills for staff
to ensure readiness in emergencies.

2. Applying Maintenance Procedures
Proper maintenance procedures are critical for ensuring that all tasks are
performed safely and effectively.
Maintenance Procedures
e Preparation and Planning:

v" Review the maintenance schedule and ensure all necessary tools and

materials are available.

v Notify relevant personnel about the maintenance activities to avoid
operational conflicts.

o Safety Protocols:

v' Ensure all personnel wear appropriate personal protective equipment
(PPE).

v Lockout/tagout (LOTO) procedures must be followed to ensure
equipment is safely de-energized before maintenance begins.

v' Conduct a safety briefing before starting any maintenance work.
e Execution:

v Follow detailed maintenance checklists for each task to ensure
consistency and thoroughness.

v' Record any anomalies or equipment conditions that require further
attention.

v Use calibrated tools and equipment to ensure accurate measurements
and adjustments.

e Post-Maintenance:

v' Perform a functional test of the equipment to ensure it is operating
correctly after maintenance.

v' Update maintenance logs and records with detailed notes on the work
performed.

v' Review any issues encountered during maintenance and adjust future
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plans accordingly.
e Continuous Improvement:
v Analyze maintenance data to identify trends or recurring issues.

v' Adjust maintenance schedules and procedures based on findings to
improve efficiency and effectiveness.

v' Provide feedback and training to staff to ensure best practices are
followed.

@ Practical Activity 4.1.2: Checking the preventive maintenance plan for a
hydropower plant
2

Tt %) Tagk:

1: After identifying preventive maintenance for hydropower plant, you are asked to check
the preventive maintenance plan for a hydropower plant by performing the following tasks:

i. Implement the maintenance plan to be used in preventive maintenance of
hydropower plant.

ii. Apply the maintenance procedures to be used in preventive maintenance for a
hydropower plant

2: Follow instructions and apply safety precautions

3: Observe the implementation and checking process of preventive maintenance and ask
questions for clarification if any.

4: Implement and check the preventive maintenance to be used in maintenance plan of
hydropower plant

5: Present your work to the trainer and the whole class.

6: Ask for clarification where necessary

.Q

’

‘ Key readings 4.1.2.: Checking the preventive maintenance plan for a
hydropower plant

Regularly checking and updating the preventive maintenance plan ensures the
continuous and efficient operation of a hydropower plant. This process involves
evaluating the current maintenance activities, schedules, and procedures to
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identify areas for improvement and ensure compliance with safety and
operational standards.

1. Review and Verification of Maintenance Activities
Objective:

Ensure that all preventive maintenance tasks are being carried out according to the
plan and that they effectively prevent equipment failures and downtime.

Key Steps:
¢ Review Maintenance Logs:

v Verify that all scheduled maintenance tasks (daily, weekly, monthly,
and annual) have been completed and properly documented.

v Check for any discrepancies or missed activities in the logs.
¢ Inspect Completed Work:

v" Conduct random inspections of recently completed maintenance tasks
to ensure they meet quality standards.

v Verify that all tasks were performed according to the manufacturer's
guidelines and internal procedures.

¢ Analyze Equipment Performance:

v Review equipment performance data and records to identify any signs
of degradation or unexpected wear that might indicate insufficient
maintenance.

v' Check for any recurring issues or equipment failures that could be
addressed by modifying the maintenance plan.

2. Assessment of Maintenance Schedules
Objective:

Ensure that the maintenance schedule is effective and efficient, minimizing
downtime while maintaining equipment reliability.

Key Steps:

. Evaluate Frequency of Tasks:
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4 Assess whether the current frequency of maintenance tasks is
appropriate for each piece of equipment.

v Determine if any tasks should be performed more or less frequently
based on recent equipment performance and condition monitoring data.

¢ Adjust for Operational Changes:

v' Adjust the maintenance schedule to account for changes in plant
operations, such as increased load, changes in water flow, or seasonal
variations.

e Optimize Task Timing:

demand or planned outages to minimize operational disruptions.

3. Review of Maintenance Procedures
Objective:
Ensure that maintenance procedures are up-to-date, safe, and effective.
Key Steps:
¢ Verify Procedure Accuracy:

v Review maintenance procedures and checklists to ensure they reflect
the latest equipment specifications, manufacturer recommendations,
and industry best practices.

¢ Update Safety Protocols:

v Confirm that all safety protocols are included in the procedures, such
as Lockout/Tagout (LOTO), use of personal protective equipment (PPE),
and emergency response plans.

¢ Incorporate Feedback:

v' Gather feedback from maintenance personnel about the procedures.
Identify any areas where the procedures could be improved for
efficiency or safety.

4. Evaluation of Maintenance Effectiveness

Objective:

v' Ensure that maintenance tasks are scheduled during periods of low
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Determine the effectiveness of the maintenance plan in preventing equipment
failures and extending the lifespan of plant components.

Key Steps:
e Analyze Failure Rates:

v Review historical data on equipment failures and downtime to assess
the effectiveness of the current maintenance plan.

v ldentify patterns or recurring issues that may indicate gaps in the maintenance

program.
. Measure Performance Metrics:

v" Monitor key performance indicators (KPIs) such as equipment availability,
reliability, and maintenance costs.

v" Compare these metrics against industry benchmarks and previous performance
to evaluate the success of the maintenance plan.

o Implement Continuous Improvement:

v" Use the findings from this evaluation to make data-driven adjustments to the
maintenance plan, enhancing its effectiveness.

5. Documentation and Reporting
Objective:

Maintain comprehensive records to ensure compliance, facilitate audits, and
support continuous improvement.

Key Steps:
. Document Findings and Actions:

v Record the results of the preventive maintenance plan review, including any
identified issues and corrective actions taken.

o Prepare Reports:

v Create detailed reports summarizing the effectiveness of the maintenance plan,
including recommendations for adjustments or improvements.

o Review with Management:

v Present the findings and proposed changes to plant management and

147 |Hydropower Plant Operation — Trainee Manual




incorporate their feedback into the updated maintenance plan.

6. Implementation of Changes
Objective:

Ensure that any adjustments to the maintenance plan are implemented
effectively and communicated to all relevant personnel.

Key Steps:
. Update the Maintenance Plan:

v Revise the maintenance plan and schedules based on the review findings,
ensuring all changes are clearly documented.

¢ Communicate Changes:

v Inform maintenance staff and other relevant personnel of any updates
to procedures, schedules, or safety protocols.

¢ Monitor Implementation:

v" Monitor the implementation of changes to ensure they are being
followed and are having the desired effect on equipment performance
and reliability.

g
Points to Remember

e Structured Maintenance Plan: Involves daily, weekly, monthly, and annual tasks for
optimal equipment performance.

e Routine Inspections: Daily tasks include checks for lubrication, cooling, sensors, and
debris; weekly and monthly involve turbine checks and vibration monitoring.

e Annual Overhaul: Comprehensive inspections of turbines, electrical systems, cooling
maintenance, and structural assessments.

o Safety Protocols: Emphasize preparation, lockout/tagout (LOTO), and post-
maintenance testing.

e Schedule Reviews and Updates: Regularly adjust maintenance frequency and
procedures based on equipment performance.

e Evaluation and Improvement: Analyze data, document changes, and implement

continuous improvements.
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A power generation company has installed a hydropower plant. As an operator you are hired

Application of learning 4.1.

to identify preventive maintenance and maintenance activities; implement and check the
preventive maintenance to be used in maintenance plan of hydropower plant.
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| Indicative Content 4.2: Performing Corrective Maintenance

Duration: 8 hrs

0@ Theoretical Activity 4.2.1: Identification of corrective maintenance for

% hydropower plant

ol

Thingt o Bl Tasks:

1: Answer the following questions:

What is corrective maintenance for hydropower plant?
Identify the types of faults of hydropower plant
Identify the rectification procedures of hydropower plant

2: Present the findings to the whole class.

3. Ask questions for more clarification if any

4: Read the key readings 4.2.1

A

w Key readings 4.2.1.: ldentification of corrective maintenance for
hydropower plant

1. Definition

Corrective maintenance is performed to identify and rectify faults in a
hydropower plant, restoring equipment to its proper working condition. The
guiding to identifying faults, determining their root causes, and implementing
appropriate rectification procedures for various types of faults is identified as
following.

2. Identification of Corrective Maintenance
Corrective maintenance involves the systematic approach of detecting,
diagnosing, and fixing equipment malfunctions. It ensures the swift recovery of
plant operations and minimizes downtime.
Key Steps:

Fault Detection:

v' Recognize signs of equipment failure, such as alarms, unusual noises,
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vibrations, leaks, or abnormal readings from monitoring systems.
e Diagnosis:

v Utilize diagnostic tools and techniques to identify the exact fault and its
location.

¢ Root Cause Analysis:

v Conduct a thorough investigation to determine the underlying cause of
the fault to prevent recurrence.

. Identification of the Fault and Fault’s Root
Objective:
Accurately identify the fault and understand its root cause to effectively address and
prevent similar issues in the future.
Fault Identification Steps:
e Data Collection:

v' Gather data from control systems, sensors, logs, and operator observations
related to the fault.

e Visual Inspection:

v' Conduct a visual inspection of the affected equipment for obvious signs of
damage or wear.

e Diagnostic Tools:

v Use diagnostic tools such as multimeters, oscilloscopes, thermal cameras, and
vibration analyzers to pinpoint the fault.

e Root Cause Analysis Techniques:

v' Use techniques like the 5 Whys, Fishbone Diagram (Ishikawa), and Failure Mode
and Effects Analysis (FMEA) to identify the root cause of the fault.

3. Fault Rectification

Objective:

Implement appropriate corrective actions to fix the identified faults and restore
normal operation of the hydropower plant.

Types of Faults and Rectification Procedures:
A. Electrical Fault
¢ Symptoms:
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v" Power loss, tripped circuit breakers, blown fuses, abnormal voltage or
current readings.

e Common Causes:
v Short circuits, grounding issues, insulation failure, component burnout.
¢ Rectification Steps:

v lIsolate the affected electrical system using Lockout/Tagout (LOTO)
procedures.

v' Inspect and test electrical components (wires, switches, relays,
transformers) for damage.

v' Replace faulty components, repair damaged wiring, and ensure proper
insulation.

v Reset circuit breakers and test the system to ensure proper operation.

B. Electronic Fault
e Symptoms:

v" Malfunctioning  control  systems, erratic sensor readings,
communication errors between devices.

¢ Common Causes:

v" Component failure, software glitches, signal interference, or power
supply issues.

¢ Rectification Steps:

v' Use diagnostic tools to identify faulty electronic components (e.g.,
circuit boards, sensors, PLCs).

Update or reinstall software/firmware if a software issue is identified.

Replace defective electronic components and recheck wiring
connections.

v' Calibrate sensors and test the control system to ensure accurate
operation.

C. Hydraulic Fault
¢ Symptoms:

v' Erratic movement of hydraulic actuators, pressure drops, oil leaks,
abnormal noises.
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¢ Common Causes:

v' Leaks in hydraulic lines, valve malfunctions, pump failure,
contaminated hydraulic fluid.

¢ Rectification Steps:
v Inspect hydraulic lines, valves, and cylinders for leaks or damage.
v" Check and replace hydraulic fluid if contaminated or degraded.
v Repair or replace faulty hydraulic pumps, valves, or actuators.
v

Test the hydraulic system under various operating conditions to ensure
proper function.

D. Pneumatic Fault
e Symptoms:

v" Inconsistent air pressure, sluggish or non-responsive pneumatic
actuators, air leaks.

¢ Common Causes:
v Air leaks, blocked or damaged hoses, valve failures, compressor issues.
¢ Rectification Steps:

v Inspect the pneumatic system for leaks, damage, or blockages in hoses
and fittings.

v" Check and maintain the air compressor and replace faulty components
if necessary.

v Clean or replace clogged filters and faulty valves.

v Test the system to ensure consistent air pressure and proper actuator
operation.

E. Mechanical Fault
¢ Symptoms:

v" Unusual noises, vibrations, overheating, mechanical wear, or breakage.
¢ Common Causes:

v' Bearing failure, misalighment, worn gears, broken components,
lubrication issues.

¢ Rectification Steps:
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v' Perform a detailed inspection of the mechanical components such as
bearings, gears, and shafts.

v Lubricate moving parts, replace worn or damaged components.
v Realign or recalibrate mechanical assemblies as needed.

v" Run operational tests to ensure smooth and noise-free operation.

4. Post-Rectification Activities
Objective:
Verify that the fault has been successfully rectified and that the equipment is
operating safely and efficiently.
Steps:
¢ Testing:

v" Conduct functional tests on the repaired equipment to ensure it is
operating correctly.

v" Monitor equipment for a period of time to ensure the fault does not
recur.

e Documentation:

v" Record the details of the fault, the root cause, and the corrective
actions taken in maintenance logs.

v Update maintenance records and adjust preventive maintenance plans
if needed to prevent similar faults in the future.

e Review:

v" Analyze the fault and rectification process to identify potential
improvements in maintenance practices and fault detection methods.

&
s Practical Activity 4.2.2: Checking the corrective maintenance plan for a

- hydropower plant
:l'hIm;; 1000
: w Task:

e

1: After identifying corrective maintenance for hydropower plant, you are asked to check
the corrective maintenance plan for a hydropower plant by performing the following tasks:
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i. Implement corrective maintenance performed based on fault identified of
hydropower plant.

ii. Check the corrective maintenance performed based on fault identified for a
hydropower plant

iii. Implement corrective maintenance performed based on fault identified for
hydropower plant
iv. Test the types of faults and fault’s root performed based on fault identified for
hydropower plant
v. ldentify the rectification procedures performed based on fault identified for
hydropower plant
2: Follow instructions and apply safety precautions

3: Observe the implementation and checking process of corrective maintenance and ask
guestions for clarification if any.

4: Implement and check the corrective maintenance to be used in maintenance plan of
hydropower plant

5: Present your work to the trainer and the whole class.

6: Ask questions for clarification where necessary

@
e

Key readings 4.2.2. Checking the corrective maintenance plan for a
hydropower plant

Regularly reviewing and updating the corrective maintenance plan is essential
for ensuring the effective repair and restoration of equipment following a fault
or failure in a hydropower plant. This handout outlines the key steps involved in
checking the corrective maintenance plan, ensuring it is comprehensive,
effective, and aligned with the plant's operational needs.

1. Review and Verification of Corrective Maintenance Activities
Objective:

Ensure that corrective maintenance tasks are performed efficiently and that all
faults are addressed effectively to minimize downtime and prevent recurrence.

Key Steps:
. Examine Maintenance Records:

v Review records of recent corrective maintenance tasks to ensure they
were completed as per the plan and documented accurately.

155 |Hydropower Plant Operation — Trainee Manual



v Check for details such as the nature of the fault, root cause analysis,
corrective actions taken, and testing procedures.

. Evaluate Response Time:

v Assess the time taken to respond to and rectify each fault. Ensure that
response times are within acceptable limits to minimize operational impact.

¢ Quality of Repairs:

v Inspect the quality of repairs performed to ensure that equipment is fully
restored to operational standards.

v Verify that proper tools, techniques, and replacement parts were used during
repairs.

2. Assessment of fault identification and analysis procedures
Objective:

Ensure that faults are being accurately identified and analyzed to determine
their root causes, enabling effective corrective actions.

Key Steps:
o Review Fault Detection Processes:

v Evaluate the methods used to detect faults, such as monitoring systems, visual
inspections, and operator reports.

v Ensure that all potential sources of faults are being monitored effectively.
¢ Analyze Root Cause Analysis (RCA):

v" Review the RCA methods used to identify the underlying causes of faults.
Ensure that techniques such as the 5 Whys, Fishbone Diagrams, or Failure Mode
and Effects Analysis (FMEA) are applied correctly.

e  Verify Accuracy:

v" Check the accuracy of fault identification and root cause determination to
ensure that the true causes of issues are being addressed.

3. Evaluation of Fault Rectification Procedures
Objective:

Ensure that the procedures for rectifying various types of faults (electrical,
electronic, hydraulic, pneumatic, mechanical) are effective and safe.
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Key Steps:
o Review Rectification Protocols:

v' Assess the specific protocols used for rectifying different types of faults,
including the steps followed, tools used, and safety measures implemented.

e  Compliance with Standards:

v Ensure that fault rectification procedures comply with industry standards,
manufacturer guidelines, and plant safety regulations.

o Evaluate Effectiveness:

v Determine if the corrective actions taken were effective in fully resolving
the faults and preventing recurrence.

. Inspect for Safety Measures:

v Verify that all safety procedures, such as Lockout/Tagout (LOTO) and
personal protective equipment (PPE) usage, were followed during fault
rectification.

4. Analysis of Corrective Maintenance Effectiveness
Objective:

Determine how effective the corrective maintenance plan is in reducing
equipment downtime and preventing future faults.

Key Steps:
o Track Recurrence of Faults:

Analyze maintenance records to identify any recurring faults or patterns that
may indicate inadequate fault rectification or systemic issues.

. Measure Downtime and Costs:

Calculate the total downtime and associated costs resulting from equipment
faults to evaluate the financial impact and efficiency of the corrective
maintenance process.

. Review Performance Metrics:

Monitor key performance indicators (KPIs) such as Mean Time to Repair (MTTR)
and fault recurrence rates to assess the effectiveness of the corrective
maintenance plan.
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e  Continuous Improvement:

Identify opportunities for improving the corrective maintenance process based
on the analysis, such as refining fault detection methods or enhancing repair
procedures.

5. Documentation and Reporting
Objective:

Ensure thorough documentation of all corrective maintenance activities for

future reference, compliance, and continuous improvement.
Key Steps:
o Update Maintenance Logs:

Ensure that detailed records of each corrective maintenance task are
maintained, including fault identification, analysis, rectification, and testing
results.

o Prepare Reports:

Compile reports summarizing the effectiveness of corrective maintenance
activities, including response times, quality of repairs, and any issues
encountered.

. Communicate Findings:

Share the findings and any recommended changes to the corrective
maintenance plan with plant management and maintenance personnel.

6. Implementation of Plan Adjustments
Objective:

Implement necessary adjustments to the corrective maintenance plan based on
the findings from the review to enhance its effectiveness.

Key Steps:
o Revise Procedures:

Update fault identification, analysis, and rectification procedures as needed to
address any gaps or areas for improvement identified during the review.

. Update Training:

Provide additional training or guidance to maintenance staff on any new
procedures or changes to existing protocols.
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o Monitor Implementation:

Monitor the implementation of changes to ensure they are effectively
integrated into the corrective maintenance process.

g
Points to Remember

¢ Fault Detection: Identify equipment issues using alarms, visual signs, and monitoring

data for timely intervention.

o Diagnosis: Utilize diagnostic tools to accurately pinpoint faults and conduct thorough
root cause analysis.

¢ Fault Rectification: Address various types of faults (electrical, electronic, hydraulic,
pneumatic, mechanical) through specific repair protocols.

o Post-Rectification Verification: Confirm the effectiveness of repairs with functional
testing and comprehensive documentation of corrective actions.

¢ Continuous Improvement: Regularly update maintenance logs and plans based on
fault analysis to mitigate future issues.

¢ Documentation and Adjustments: Maintain detailed records, share insights, and adj
ust procedures and training as needed to enhance maintenance practices.

v

A power Generation Company has installed a hydropower plant. As an operator you are

Application of learning 4.2.

hired to identify corrective maintenance; identification of the fault and fault’s root to be
used in maintenance plan of hydropower plant.
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V Indicative Content 4.3: Testing of Maintained Equipment

Duration: 7 hrs

@l
(ﬁrng Theoretical Activity 4.3.1: Description of maintained equipment for
4

hydropower plant

:l'h; b 1030
i w Tasks:

1: Answer the following questions:

i. What are types of testing for hydropower plant?
ii. Identify the testing instrument of hydropower plant
2: Present the findings to the whole class.

3. Ask questions for more clarification if any

4: Read the key readings 4.3.1

A

w Key readings 4.3.1.: Description of maintained equipment
performance for hydropower plants

Maintaining the performance of hydropower plant equipment is crucial for
ensuring efficient and reliable operation. This description covers the key aspects
of assessing equipment performance, including the types of testing applied, the
instruments used, and the procedures for conducting functionality and
performance tests.

1. Overview of Equipment Performance in Hydropower Plants
Hydropower plants rely on a variety of equipment to convert the kinetic energy
of water into electrical energy efficiently. Key equipment includes turbines,
generators, transformers, control systems, and hydraulic mechanisms. Ensuring
optimal performance of this equipment is essential for maximizing power
output, reducing downtime, and extending the lifespan of the plant.
Key Performance Indicators (KPIs):

. Efficiency: The ratio of power output to the hydraulic power input.

. Reliability: The ability of equipment to operate without failure over a specified
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period.
e Availability: The proportion of time equipment is available for operation.

«Output Consistency: Maintaining a steady power output under varying load
conditions.

2. Applying Types of Testing
Testing the performance of hydropower plant equipment involves various methods to
evaluate its condition, functionality, and efficiency.
Types of Testing:
eRoutine Testing: Regular checks to ensure that equipment operates correctly and
safely.

eDiagnostic Testing: In-depth analysis to identify potential issues or performance
degradation.

eLoad Testing: Evaluating equipment performance under different operational
loads.

oEfficiency Testing: Measuring the equipment's efficiency in converting energy
from one form to another.

e«Condition Monitoring: Continuous or periodic monitoring to track the
equipment's health and predict failures.

3. Testing Instruments
Using the right instruments is crucial for accurately assessing equipment performance
and diagnosing potential issues.
Common Testing Instruments:
eMultimeter: Measures electrical properties such as voltage, current, and
resistance in generators and transformers.
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o Vibration Analyzer: Detects imbalances, misalignments, or wear in rotating
machinery like turbines and generators.

e Power Quality Analyzer: Monitors the quality of electrical output, including
voltage, current, and frequency stability.

o Thermal Camera: Identifies hot spots in electrical and mechanical components,
indicating potential issues.

e Tachometer: Measures the rotational speed of turbines and generators.
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e Flow Meter: Measures the flow rate of water to ensure optimal turbine
operation.

HFT.OW METERS

e Pressure Gauge: Monitors the pressure in hydraulic systems to ensure they are
within operational limits.

4. Conducting Equipment Tests

Testing the functionality and performance of equipment helps identify and
address issues, ensuring optimal operation.

Functionality Testing:
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e  Objective:

v Verify that each piece of equipment operates as intended and responds
correctly to control inputs.

o Steps:
v Preparation:
+ Gather necessary testing instruments and safety gear.
+ Review equipment manuals and previous test records.
v' Perform the Test:

+ For electrical components, use a multimeter to check voltage,
current, and resistance.

+ For turbines, ensure that blades move freely and that the governor

system controls speed effectively.

+ For control systems, verify that sensors, relays, and actuators
function correctly.

v" Record Results:

+ Document the test outcomes, noting any deviations from

expected values.
v" Analysis:

+ Compare the results to manufacturer specifications and
operational standards to identify any issues requiring

maintenance.

Performance Testing:
e  Objective:

4 Assess equipment performance under normal and peak operating
conditions to ensure efficiency and reliability.

o Steps:
4 Efficiency Testing:

Measure the power output and compare it to the hydraulic
power input to calculate the efficiency of turbines and generators.

v Load Testing:

Use a load bank to simulate different load conditions and
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observe the equipment's response.

4+ Monitor parameters such as voltage stability, frequency, and
power factor.

v" Thermal Testing:

+ Use a thermal camera to detect abnormal heat patterns in
electrical components, which could indicate overheating or
poor connections.

v Vibration Analysis:

+ Attach a vibration analyzer to rotating equipment to check for
signs of wear, misalignment, or imbalance.

v" Condition Monitoring:

4+ Collect and analyze data from sensors and monitoring systems
to track equipment health over time.

v' Data Analysis:

4+ Analyze the collected data to assess the overall performance.
Compare it with historical data and manufacturer specifications
to identify trends or deviations.

5. Interpreting Test Results and Taking Action
Interpreting the results of functionality and performance tests is crucial for
maintaining equipment performance.
Steps:
. Data Review:

Review test results and compare them with the baseline performance metrics
and manufacturer specifications.

e Identify Issues:

Look for any deviations, anomalies, or signs of wear and tear that could indicate
emerging problems.

¢ Implement Corrective Actions:

Based on the test results, perform necessary maintenance, such as cleaning,
lubrication, part replacement, or recalibration.

¢ Update Maintenance Records:
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Document the findings, actions taken, and any adjustments made to
maintenance schedules or procedures.

@ Practical Activity 4.3.2: Testing of maintained equipment performance for
hydropower plants

)

Tt %) Tagk:

1: After describing maintained equipment for hydropower plant, you are asked to test
maintained equipment performance for hydropower plants by performing the following
tasks:

i. Check correctly the testing instrument based on equipment performance of
hydropower plant
ii. Conduct the equipment test based on functionality and performance of power plant
2: Follow instructions and apply safety precautions

3: Observe the testing instrument based on equipment performance and ask questions for
clarification if any.

4: Conduct the equipment test based on functionality and performance to be used in testing
of maintained equipment of hydropower plant

5: Present your work to the trainer and the whole class.

6: Ask for clarification where necessary

OQ

’

‘ Key readings 4.3.2.: Testing of maintained equipment performance for
hydropower plants

Testing the performance of maintained equipment in hydropower plants is
crucial to ensure efficient and reliable operation. Proper performance testing
helps identify potential issues, verify equipment functionality, and optimize
plant performance. The following explanation covers the importance of
performance testing, types of performance tests, testing instruments, and
procedures for conducting these tests.

1. Importance of Performance Testing
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Regular performance testing of hydropower plant equipment is essential for:

o Maximizing Efficiency: Ensuring that equipment operates at its peak
performance to optimize energy production.

. Ensuring Reliability: Identifying and addressing issues before they result in
equipment failure or downtime.

¢ Maintaining Safety: Detecting and mitigating risks associated with equipment
operation.

e Compliance: Meeting industry standards, regulations, and manufacturer
specifications.

2. Types of Performance Testing

Different types of performance tests are conducted to evaluate the operational
efficiency and reliability of hydropower plant equipment.

Common Performance Tests:
o Efficiency Testing:

v' Purpose: Measures how effectively equipment converts energy from
one form to another (e.g., water energy to mechanical energy in
turbines).

v" How: Compare the actual power output to the theoretical power input
using flow rate and head measurements for turbines.

e Load Testing:

v' Purpose: Assesses equipment performance under various load
conditions to ensure stability and efficiency.

v" How: Use a load bank to simulate different operating conditions and
monitor responses like voltage, frequency, and power output.

e Thermal Testing:

v' Purpose: Identifies abnormal heating in equipment that may indicate
inefficiency or impending failure.

v' How: Use infrared cameras to detect hot spots in electrical
components, transformers, and mechanical parts.

¢ Vibration Analysis:
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v' Purpose: Detects imbalances, misalignments, or wear in rotating
machinery, affecting performance.

v" How: Use vibration analyzers to measure vibration levels and compare
them to baseline values.

¢ Power Quality Testing:

v" Purpose: Ensures the quality and stability of the electrical output,
including voltage, frequency, and harmonic distortion.

v" How: Use power quality analyzers to monitor the electrical parameters
and identify irregularities.

e Hydraulic and Pneumatic Performance Testing:

v' Purpose: Evaluates the performance of hydraulic and pneumatic
systems, ensuring they operate at correct pressures and without leaks.

v" How: Measure system pressure and flow rates using pressure gauges
and flow meters.

3. Testing Instruments

Accurate performance testing relies on using the right instruments to gather data
and assess equipment condition.

Key Testing Instruments:

e Multimeter: Measures electrical parameters such as voltage, current, and
resistance.

o Infrared Camera: Detects temperature anomalies and hot spots in electrical
and mechanical components.

¢ Vibration Analyzer: Measures vibration levels in rotating equipment to detect
imbalances or wear.

o Power Quality Analyzer: Monitors electrical output quality, including voltage
stability and harmonic distortion.

e Flow Meter: Measures the flow rate of water to ensure turbines operate
efficiently.

e Pressure Gauge: Monitors pressure in hydraulic and pneumatic systems to
ensure they are within operational limits.

e Load Bank: Simulates various load conditions to test the response and stability of
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generators and transformers.

4. Conducting Performance Tests

Testing procedures must be followed systematically to ensure comprehensive
evaluation and reliable results.

General Testing Procedures:
1. Preparation:
e Review the equipment's operation manual and previous test records.
¢ Gather necessary testing instruments and ensure they are calibrated.
e Ensure all safety protocols are in place and wear appropriate PPE.
2. Efficiency Testing:

e Measure the water flow rate and head to determine the theoretical
power input for the turbine.

e Record the actual electrical power output from the generator.

e Calculate the efficiency using the ratio of output power to input power.
3. Load Testing:

e Connect the generator or transformer to a load bank.

e Simulate various load conditions and monitor responses such as
voltage stability, frequency, and power output.

e Record performance data for analysis.
4. Thermal Testing:

e Use an infrared camera to scan electrical panels, transformers, and
mechanical components.

o Identify and document any hot spots that may indicate potential
overheating or poor connections.

5. Vibration Analysis:

e Attach the vibration analyzer to rotating equipment such as turbines
and generators.

e Measure vibration levels and compare them with baseline values to
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6.

7.

8.

Steps:

identify any deviations indicating wear or imbalance.
Power Quality Testing:

e Connect a power quality analyzer to the output of the generator or
transformer.

e Monitor parameters such as voltage, frequency, and harmonic
distortion to ensure output meets quality standards.

Hydraulic and Pneumatic Performance Testing:

e Measure pressure and flow rates in hydraulic and pneumatic systems
using appropriate gauges and meters.

e Check for any leaks or pressure drops indicating inefficiencies in the
system.

Data Analysis and Documentation:

e Analyze the collected data and compare it to baseline performance
metrics and manufacturer specifications.

¢ Document the test results, observations, and any necessary corrective
actions.

5. Interpreting and Acting on Test Results

Proper interpretation of performance test results is crucial for maintaining
equipment performance.

Data Comparison: Compare the obtained results with the equipment's
specifications, historical data, and industry standards to identify deviations.

Identify Issues: Look for patterns or anomalies that may indicate potential
performance issues or degradation.

Implement Corrective Actions: Plan and execute maintenance activities based
on the results, such as repairs, adjustments, or recalibrations.

Update Records: Document all findings, actions taken, and any adjustments
made to maintenance schedules or procedures.
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g
Points to Remember

¢ Optimal Performance: Hydropower plants depend on key equipment like turbines,
generators, and transformers, making their optimal performance crucial for
maximizing power output and reliability.

o Testing Methods: A variety of testing methods, such as routine, diagnostic, load,
efficiency, and condition monitoring, are essential for assessing equipment
functionality and efficiency.

e Specialized Instruments: Effective performance assessment requires specialized
instruments, including multimeters, vibration analyzers, and thermal cameras, to
accurately identify potential issues.

e Test Procedures: Systematic test procedures involve verifying equipment operation,
assessing performance under varying loads, and documenting results for thorough
analysis.

o Data Interpretation: Reviewing test outcomes against baseline metrics is vital for
identifying issues, enabling timely corrective actions, and updating maintenance
records.

¢ Continuous Monitoring: Ongoing condition monitoring and data analysis are crucial
for ensuring equipment efficiency and reliability, facilitating proactive maintenance.

@Eﬂ

A Power Generation Company has installed a hydropower plant. As an operator, you are

Application of learning 4.3.

hired to evaluate the performance of maintained equipment and identify the common
testing instruments used for hydropower equipment maintenance
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\/ Indicative Content 4.4: Elaborating Maintenance Report

Duration: 5 hrs

A
Gﬁrng Theoretical Activity 4.4.1: Identification of the maintenance report activities
22
&

for hydropower plant

:l'hlm;s o bo
. w Tasks:

1: Answer the following questions:

i. What are types of technical report for hydropower plant?
ii. Identify the contents of maintenance report for hydropower plant
iii. What are reporting methods of hydropower plant?

2: Present the findings to the whole class.

3. Ask questions for more clarification if any

4: Read the key readings 4.4.1

@
@

Key readings 4.4.1.: Identification of the maintenance report activities
for hydropower plant equipment

+ Purpose
Maintaining comprehensive and accurate maintenance reports is crucial for
effective management and operational efficiency in hydropower plants. This
handout outlines the different types of technical reports, their contents, report
format structure, and reporting methods to ensure thorough documentation of
maintenance activities.

+ Types of Technical Reports
Technical reports provide detailed documentation of maintenance activities and
equipment performance. Various types of reports are used to communicate
different aspects of maintenance and operational status.
Common Types of Technical Reports:
o Daily Maintenance Report:

v' Purpose: Documents daily inspections, routine maintenance activities,
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and any immediate issues observed.

v" Use: Provides a snapshot of daily operational status and immediate
actions taken.

e Weekly Maintenance Report:

v' Purpose: Summarizes weekly maintenance activities, including
completed tasks, minor repairs, and observed trends.

v Use: Offers a broader view of maintenance trends and recurring issues.
e Monthly Maintenance Report:

v' Purpose: Details monthly maintenance activities, including
comprehensive inspections, major repairs, and performance
evaluations.

v' Use: Helps in tracking long-term trends and planning future
maintenance.

¢ Incident Report:

v" Purpose: Records details of any incidents, such as equipment failures
or safety breaches, including causes and corrective actions.

v' Use: Provides insights into specific incidents and helps prevent future
occurrences.

¢ Technical Evaluation Report:

v' Purpose: Offers in-depth analysis of specific equipment performance
issues, including test results and recommendations for improvements.

v" Use: Used for detailed technical analysis and decision-making regarding
equipment upgrades or repairs.

e Compliance Report:

v' Purpose: Ensures that maintenance activities and equipment
performance meet regulatory and safety standards.

v" Use: Provides evidence of compliance with industry regulations and
safety protocols.

+ Report Contents
Each type of technical report should include specific information to ensure
clarity and completeness.
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Typical Contents of a Maintenance Report:
o Title Page:

v Includes: Report title, date, author, and recipient.
¢ Executive Summary:

v Includes: Brief overview of the maintenance activities, key findings, and
recommendations.

e Introduction:

v Includes: Purpose of the report, scope of maintenance activities, and
background information.

o Maintenance Activities:

v" Includes: Detailed description of tasks performed, including
inspections, repairs, and replacements.

¢ Findings:

v" Includes: Observations, issues identified, and their impact on
equipment performance and plant operations.

e Test Results:

v Includes: Data and results from any performance tests or diagnostic
assessments conducted.

o Recommendations:

v" Includes: Suggested actions based on findings, such as repairs,
replacements, or changes to maintenance schedules.

e Conclusion:

v Includes: Summary of key points, overall assessment, and any follow-
up actions required.

o Appendices:

v" Includes: Supporting documents such as test data, photographs,
schematics, and maintenance logs.

+ Report Format Structure
A consistent format structure ensures that reports are clear, professional, and
easy to follow.
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Standard Report Format:
1. Title Page:

e Report Title

e Date

e Author

e Recipient
2. Table of Contents:

¢ List of sections and page numbers
3. Executive Summary:

e Brief summary of the report
4. Introduction:

e Purpose and scope of the report
5. Maintenance Activities:

¢ Description of tasks performed
6. Findings:

e Detailed observations and issues
7. Test Results:

e Data and results
8. Recommendations:

e Suggested actions
9. Conclusion:

e Summary and next steps
10. Appendices:

e Supporting documents and additional information

+ Reporting Methods
Effective communication of maintenance activities and findings can be achieved
through various reporting methods.
Common Reporting Methods:
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o Written Reports:
v Description: Traditional method using paper or digital documents.
v Benefits: Detailed documentation, easy to archive and reference.
¢ Electronic Reporting:

v/ Description: Utilizes digital formats such as PDFs, spreadsheets, or specialized
maintenance management software.

v' Benefits: Easy distribution, searchable content, and integration with
other digital systems.

Dashboards and Data Visualization:

v" Description: Uses visual tools and software to present data and
performance metrics in real-time.

v' Benefits: Provides quick insights, easy to understand, and supports
proactive decision-making.

Verbal Reports:

v Description: Presented in meetings or briefings.

v Benefits: Allows for immediate feedback and discussion of findings and
actions.

Email Updates:

v" Description: Sends brief updates and summaries via email.

v' Benefits: Provides timely information and keeps stakeholders
informed.

&
SI Practical Activity 4.4.2: Elaboration of the maintenance report for
@ hydropower plant equipment
%h}n;s‘loﬂo
: w Task:

_—

1: After identifying the maintenance report activities for hydropower plant, you are asked to
elaborate the maintenance report for hydropower plant equipment by performing the
following tasks:

i. Elaborate properly maintenance report based on maintenance activities.
ii. Design report format structure based on maintenance report of power plant.
2: Follow instructions and apply safety precautions
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3: Observe properly maintenance report based on maintenance activities and ask questions
for clarification if any.

4: Design report format structure based on maintenance report of hydropower plant
5: Present your work to the trainer and the whole class.

6: Ask for clarification where necessary

@
@

Key readings 4.4.2. Elaboration of the maintenance report for
hydropower plant equipment

Elaborating a maintenance report for hydropower plant equipment involves
documenting detailed information about maintenance activities, findings, and
recommendations. This handout outlines the steps to create a comprehensive
maintenance report, ensuring clear communication and effective management
of equipment performance.

1. Report Preparation
1.1 Gather Information:
. Maintenance Logs: Collect records of all maintenance activities performed.
. Inspection Reports: Review notes from inspections conducted.
e  Test Results: Compile data from any performance or diagnostic tests.
. Incident Reports: Include details of any equipment failures or issues.
1.2 Define Report Objectives:

e Purpose: Determine the primary goal of the report (e.g., summarizing
maintenance activities, analyzing performance, identifying issues).

e Audience: Identify who will read the report (e.g., plant managers,
maintenance teams, regulatory bodies) and tailor the content accordingly.

2. Report Structure
2.1 Title Page:
. Report Title: Clearly state the purpose of the report.

. Date: Include the date of report preparation.
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e  Author: Name and position of the person preparing the report.
. Recipient: Name and position of the intended recipient.
2.2 Table of Contents:

o List of Sections: Include all major sections of the report with corresponding
page numbers.

2.3 Executive Summary:

o Brief Overview: Provide a summary of the key findings, activities, and
recommendations.

o Highlights: Focus on major issues, significant repairs, and overall
performance.

2.4 Introduction:
e Purpose: Explain the purpose and scope of the report.

e Background: Provide context about the equipment and maintenance
activities covered.

2.5 Maintenance Activities:

o Description: Detail the maintenance tasks performed, including routine
checks, repairs, and replacements.

o Dates and Times: Include when the activities were carried out.

e Personnel: List the names and roles of individuals involved in the
maintenance.

2.6 Findings:

e Observations: Document any issues, irregularities, or conditions noted during
maintenance.

e Impact: Describe how these findings affect equipment performance and plant
operations.

2.7 Test Results:
o Data: Present data from performance tests, inspections, and diagnostics.

e Analysis: Analyze the results, comparing them with expected performance
standards.

2.8 Recommendations:
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e Actions: Suggest necessary corrective or preventive actions based on findings
and test results.

e Priority: Indicate the urgency and priority of recommended actions.
2.9 Conclusion:

¢ Summary: Summarize the main points from the report.

¢ Next Steps: Outline any follow-up actions or additional investigations required.
2.10 Appendices:

Supporting Documents: Include any additional information such as detailed test

data, photographs, schematics, and maintenance logs.

References: List any sources or references used in the report.

3. Writing Tips
3.1 Be Clear and Concise:
¢ Use straightforward language and avoid jargon.
¢ Ensure that each section is well-organized and easy to understand.
3.2 Provide Detailed Descriptions:

¢ Include specific details about maintenance activities, test results, and issues
encountered.

e Use diagrams or images if they help clarify complex information.
3.3 Ensure Accuracy:

e Double-check all data and observations for accuracy.

o Verify that all recommendations are feasible and based on solid evidence.
3.4 Maintain Professionalism:

e Use a formal tone and professional formatting.

e Ensure that the report is free from grammatical errors and typos.
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4. Review and Distribution

4.1 Review the Report:

Internal Review: Have the report reviewed by colleagues or supervisors for
accuracy and completeness.

¢ Revisions: Make any necessary revisions based on feedback.
4.2 Distribute the Report:
¢ Format: Prepare the report in the preferred format (e.g., PDF, printed copy).

¢ Recipients: Send the report to the intended recipients via email, internal
distribution systems, or print as needed.

4.3 Follow-Up:
¢ Feedback: Request feedback from recipients to improve future reports.

¢ Action Tracking: Monitor the implementation of recommendations and update
records as necessary.

Points to Remember

¢ Purpose and Importance: Maintenance reports are vital for effective management
and operational efficiency in hydropower plants, documenting activities and
equipment performance.

e Types of Reports: Different technical reports, including daily, weekly, monthly,
incident, and compliance reports, offer detailed insights into operational status and
trends.

e Structured Content: Each report should include essential elements like a title page,
executive summary, findings, recommendations, and supporting appendices to
ensure clarity and completeness.

o Effective Reporting: Utilize various communication methods, such as written
documents, electronic formats, dashboards, and verbal presentations, for timely
dissemination of maintenance information.

e Preparation and Review: Gather necessary information and clearly define the
report's objectives before conducting internal reviews to ensure accuracy and
completeness before distribution.

e Follow-Up and Improvement: Monitor the implementation of recommendations
and collect feedback to enhance future maintenance reporting practices and ensure

continuous improvement.
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A power generation company has installed a hydropower plant. As an operator, you are
hired to identify common reporting methods, elaborate maintenance report based on

maintenance activities, and design a structured format for maintenance report of
hydropower plant.

Application of learning 4.4.
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Written assessment

1.Read the following statement related to maintain hydropower plant operation and
answer by True if the statement is correct and False if the statement is wrong:

a) Preventive maintenance is the regular and systematic inspection, cleaning, testing,
and servicing of equipment to ensure optimal operation and prevent breakdowns or
failures before they occur.

b) Corrective maintenance involves the repair or replacement of equipment or systems
after a failure or malfunction has occurred.

2. Read the following statement related to maintain hydropower plant operation and
choose the correct answer:

i. Why is it important to document both preventive and corrective maintenance
activities in hydropower plant reports?

A) To meet the company’s financial goals

B) To increase the lifespan of the equipment and fix issues promptly
C) To avoid conducting repairs

D) To generate extra reports for auditing

ii. What is the purpose of recording inspection activities in the maintenance report of a
hydropower plant?

A) To reduce the amount of paperwork

B) To identify equipment failures after they occur

C) To detect potential issues early and prevent equipment breakdowns
D) To increase downtime

iii. What is the primary reason for documenting troubleshooting activities in a
hydropower plant’s maintenance report?

A) To ensure the plant can charge customers more
B) To provide a reference for solving future problems
C) To reduce the need for maintenance

D) To increase labor costs
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iv. What is the purpose of identifying the condition of equipment in the maintenance
report of a hydropower plant?

A) To determine when to upgrade to new technologies
B) To predict future maintenance needs and plan accordingly
C) To skip routine inspections

D) To shut down the plant for an extended period

Practical assessment

Z Ltd, a company specializing in energy projects, has successfully installed a hydropower
plant with a capacity of 2.6 megawatts (MW). The company is hiring a hydropower plant
operator. As the hired operator, you are tasked with the following:

i.  Apply the maintenance procedures to be used in preventive maintenance for a
hydropower plant used to maintain equipment of hydropower plant.

ii.  Elaborate properly maintenance report based on maintenance activities and design
report format structure to be used in maintenance report of hydropower plant.

iii.  To identify the fault and fault’s root to be used in maintenance plan of hydropower
plant.

iv. To test the maintained equipment by using testing instrument and conducting
equipment tests to be used in maintenance plan of hydropower plant.

END
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