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ABSTRACT

The Srisailam Hydropower Plant is one of the major hydroelectric generating stations in India and plays an
important role in maintaining grid stability and supporting peak load demand. To ensure reliable and efficient
operation, Supervisory Control and Data Acquisition (SCADA) systems are widely employed for automation,
monitoring, and protection of plant equipment. The SCADA system provides real-time monitoring of critical
parameters such as turbine speed, genmerator voltage, current, water level, gate position, temperature, and
protection relay status.Through centralized control, operators can remotely supervise and operate turbines,
generators, transformers, and circuit breakers. The integration of protection systems with SCADA helps safeguard
equipment against abnormal conditions including overloads, short circuits, over-voltage, and mechanical faults.
The system continuously collects data from field sensors and transmits it to PLCs/RTUs, which further
communicate with the SCADA server through communication networks.SCADA also performs performance
analysis by comparing real-time values with predefined safe limits. When abnormal conditions are detected,
alarms are generated and protective actions such as tripping of equipment are automatically executed. In
addition, historical data is stored for analysis of power generation efficiency, fault occurrence, equipment
performance, and load variations. This data supports predictive maintenance and operational optimization. By
enabling automation and data-driven decision making, SCADA enhances reliability, reduces downtime, improves
safety, and ensures continuous power generation in hydropower plants.

Keywords— SCADA, Hydropower Plant, Automation, PLC/RTU, Protection System, Real-Time Monitoring,
Fault Detection, Data Acquisition, Predictive Maintenance.

INTRODUCTION

Hydropower plants play a vital role in producing
clean and renewable energy. Efficient operation of
such plants requires accurate control, continuous
monitoring, and reliable protection mechanisms.
Modern hydropower stations therefore adopt
Supervisory Control and Data Acquisition
(SCADA) systems to automate control and
protection functions. SCADA provides centralized
supervision by collecting real-time data from field
instruments including sensors, transducers, and
protection relays.Important operating parameters
such as water level, flow rate, turbine speed,
generator  voltage, current, frequency, and
temperature are continuously measured and
transmitted to Programmable Logic Controllers
(PLCs) or Remote Terminal Units (RTUs). The
SCADA interface displays this information using
graphical screens, trend curves, and alarm
notifications, allowing operators to monitor plant
conditions effectively and respond quickly to
abnormalities. Automation also enables remote
control of gates, turbines, generators, transformers,
and circuit breakers, ensuring coordinated operation
of all plant components.SCADA systems are also
integrated with advanced protective relays to protect

equipment from electrical and mechanical faults.
Conditions such as overload, short circuit, over-
voltage, under-frequency, and overheating are
detected in real time. When such faults occur, the
system immediately generates alarms and can
isolate the affected section automatically to prevent
equipment damage and ensure safety.Another
important feature of SCADA is data storage.
Historical data collected over time is used for
performance evaluation, fault analysis, and
maintenance planning. This supports predictive and
preventive maintenance  strategies, reducing
unexpected breakdowns and improving plant
efficiency. By automating monitoring, control, and
protection processes, SCADA reduces human
intervention, improves response time, enhances
reliability, and ensures safe and continuous
operation of hydropower plants.

LITERATURE SURVEY

Several researchers have studied the role of SCADA
systems in improving hydropower plant
performance. Sajjad Ali et al. (2018) investigated
predictive maintenance using SCADA data. Their
study demonstrated that continuous monitoring of
vibration, temperature, and load parameters can help
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predict equipment failures in advance. Statistical
and machine learning techniques were used to
identify fault patterns in turbines and generators,
reducing maintenance costs and increasing
equipment life.

Md. Rabiul Islam et al. (2020) examined the
application of SCADA in renewable energy
systems, particularly hydropower integration. Their
work highlighted that SCADA enables real-time
monitoring and effective balancing of power
generation with grid demand. Remote operation and
automatic control capabilities were found to be
beneficial for hydropower plants located in remote
areas, improving load management and grid
stability.

Zhang Yong et al. (2021) focused on SCADA-based
fault detection and protection mechanisms. Their
research showed that real-time comparison of
operating parameters with predefined limits allows
quick detection of abnormal conditions such as
overloads and voltage fluctuations. The SCADA
system generates alarms and initiates protective
actions, minimizing equipment damage and
ensuring operational safety.

Liu Wei et al. (2024) proposed intelligent SCADA
systems integrated with data mining techniques.
Their study demonstrated that large volumes of
historical data can be analyzed to identify
operational trends and optimize plant performance.
The approach also enables detection of hidden faults
that are difficult to identify through conventional
monitoring.

Chen Ming et al. (2025) discussed advanced
SCADA systems integrated with Internet of Things
(IoT), Artificial Intelligence (AI), and cloud
computing technologies. Their research emphasized
digital twins and smart sensors for continuous
condition monitoring. These technologies improve
automation, enhance protection mechanisms, reduce
downtime, and increase overall plant efficiency.

HYDRO POWER PLANT

Power Development under Srisailam Complex
The Krishna River is one of the most significant
river systems in peninsular India and has supported
human civilization for centuries. The construction of
the Srisailam and Nagarjuna Sagar dams, located
sequentially along this river, created two of the
largest man-made reservoirs in the region with a
combined gross storage capacity exceeding 700
TMC ft (approximately 20,000 million cubic
meters). The presence of these two reservoirs in
cascade is unique and enables both conventional
hydroelectric generation and pumped storage
operation.

The Srisailam dam serves as the upper reservoir with
a gross storage capacity of about 308 TMC ft (8700
million cubic meters). The dam was constructed as
part of the Srisailam Hydroelectric Project, which
includes a right bank power station equipped with
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seven generating units of 110 MW each. This station
is  currently  operational and  contributes
approximately 2300 million units of electrical
energy annually. Although the project was initially
designed primarily for power generation, it later
became an important source of irrigation water for
drought-prone districts in the Rayalaseema
region.The Nagarjuna Sagar dam, located
approximately 100 km downstream of Srisailam,
forms the lower reservoir with a gross storage
capacity of around 400 TMC ft. The presence of
these two reservoirs facilitated the development of
pumped storage operation for peak load
management. The Srisailam Left Bank Power
Station is an underground facility equipped with six
reversible pump-turbine units, each rated at 150
MW. This arrangement allows surplus off-peak
power to be utilized for pumping water to the upper
reservoir and generating electricity during peak
demand periods. In addition, the system improves
grid stability, supports voltage regulation, and
enables efficient utilization of surplus monsoon
water flows.

Project Works

The Srisailam dam is a masonry concrete structure
located at Sunnipenta, approximately 6 km
downstream of the Srisailam temple. The dam has a
height of about 145 meters and a length of 512
meters. Twelve radial spillway gates, each
measuring approximately 18.3 m x 16.8 m, are
provided to discharge floodwater, with a maximum
discharge capacity of about 13,00,000 cusecs. Water
for power generation is conveyed through a power
tunnel of approximately 15 m diameter and about
720 m length located in the right flank of the dam.
This tunnel supplies water to seven hydro turbine
generator units of 110 MW each. During peak flood
seasons, the power station is capable of producing
nearly 18 million units of energy per day, which is
supplied to the Andhra Pradesh power grid.

Project Programme

The Srisailam project was inaugurated in July 1963
by Prime Minister Jawaharlal Nehru. The
installation and commissioning of the seven
generating units were completed between August
1982 and March 1987. The power house was
formally dedicated to the nation in October 1982 by
Prime Minister Indira Gandhi.

Salient Features of the Project

The Srisailam project is located in Andhra Pradesh
between Kurnool and Mahabubnagar districts on the
Krishna River. The catchment area of the reservoir
is approximately 2,06,030 square kilometers. The
full reservoir level is maintained at about +269.75
m, with a maximum water level of +271.88 m. The
gross storage capacity of the reservoir is around 308
TMC, while the live storage capacity is
approximately 211 TMC. The water spread area at
full reservoir level is about 616.42 square
kilometers.
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he generated power is transmitted through a
switchyard located at an elevation of about 365.75
meters. The switchyard is connected to the power
grid through 220 kV and 132 kV transmission lines.

Working Process in Srisailam Right Bank Power House

Ten 220 kV feeder bays and two 132 kV feeder bays
are provided to supply power to various grid
substations, thereby improving system reliability
and voltage stability.

Hydroelectric Dam

Long Distance
Power Lines

Figl:Schematic Diagram Of Hydro Electric Power Generation

Hydroelectric power generation requires a large
quantity of water available at sufficient head. At
Srisailam, this requirement is fulfilled by
constructing a dam across the Krishna River,
creating a large storage reservoir. Water from the
reservoir enters the intake structure located near the
base of the dam. Trash racks are installed at the
intake to prevent floating debris from entering the
water conduit. From the intake, water flows through
a power tunnel approximately 720 meters long to the
valve house located at the beginning of the
penstock.The valve house contains bulkhead gates
and automatic isolating valves that regulate water
flow and provide protection in case of emergency
conditions such as penstock failure. A surge tank is
provided to control pressure variations and prevent
water hammer effects. From the valve house, water
flows through large diameter steel penstocks of
approximately 6.10 meters, which carry water to the
turbine. The potential energy of water is converted
into mechanical energy by a Francis reaction
turbine. The turbine shaft is directly coupled to a
three-phase alternator rated at approximately
122,000 kVA, which converts mechanical energy
into electrical energy.After passing through the
turbine, water is discharged into the tail race channel
and returned to the river. The generated voltage of
11 kV from the alternator is stepped up to 220 kV
using  step-up transformers for efficient
transmission. The power is then delivered to the
switchyard, from where it is distributed through
multiple 220 kV and 132 kV feeders to the grid.
Main Control Room (MCR)

The Main Control Room serves as the central
operating facility of the power station. All
monitoring and control activities are performed
from this location. Operators regulate voltage,
control load, and initiate emergency shutdowns
when required. The control room houses
synchronizing equipment, automatic voltage
regulators, measuring instruments such as
ammeters, voltmeters, wattmeters, and energy
meters, as well as temperature indicators. Mimic
diagrams and status indicators display the
operational condition of circuit breakers, isolators,
and other equipment. The centralized control
arrangement ensures safe, reliable, and efficient
operation of the hydropower plant.
SCADA SYSTEM IN
HYDROPOWER PLANT
Supervisory Control and Data Acquisition
(SCADA) systems play a crucial role in modern
hydropower plants by providing centralized
monitoring, control, and protection of plant
equipment. In the Srisailam Hydropower Plant, the
SCADA system is implemented to supervise the
operation of turbines, generators, transformers,
switchgear, and auxiliary systems. The system
continuously acquires data from field devices,
processes it, and presents it to operators in a user-
friendly graphical interface. This enables efficient
decision-making, improved operational safety, and
reliable power generation. SCADA reduces manual
intervention and ensures real-time monitoring of
critical parameters such as water level, turbine
speed, generator voltage, current, temperature, and
breaker status.

SRISAILAM
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Fig 2 :SCADA Flow Diagram for Hydro Power Plant

SCADA System Architecture

The SCADA system in the hydropower plant
follows a hierarchical architecture consisting of field
devices, remote terminal wunits (RTUs) or
programmable logic controllers (PLCs),
communication networks, SCADA servers, and
operator workstations. Sensors and transducers
installed at different locations measure parameters
such as pressure, flow, voltage, current, and
temperature. These signals are transmitted to PLCs
or RTUs where the data is processed and converted
into digital form. The processed data is then
communicated to the central SCADA server through
communication networks such as fiber optic cables
or Ethernet-based industrial networks.The SCADA
server stores the data and displays it on operator
workstations in the control room. Operators can
monitor plant status, acknowledge alarms, and issue
control commands such as opening or closing gates,
starting or stopping turbines, and operating circuit
breakers. The hierarchical structure ensures reliable
data flow and coordinated control of the entire plant.
Components of SCADA System

The SCADA system in Srisailam Hydropower Plant
consists of several major components. Field
instruments form the first level of the system. These
include sensors, transmitters, and protection relays
that measure physical and electrical parameters.
Programmable Logic Controllers (PLCs) and
Remote Terminal Units (RTUs) form the second
level and are responsible for collecting and
processing field data. Communication systems such

as fiber optic links connect field controllers with the
central SCADA server.

The SCADA server acts as the brain of the system,
storing real-time and historical data. Human
Machine Interface (HMI) workstations allow
operators to visualize plant operation through
graphical displays. Additional components include
alarm systems, data historians, engineering
workstations, and redundancy systems that improve
reliability. Together, these components provide a
comprehensive automation solution for the
hydropower plant.

Working of SCADA System

The SCADA system operates by continuously
acquiring data from field devices installed
throughout the plant. Sensors measure parameters
such as water level, turbine speed, generator output,
bearing temperature, oil pressure, and breaker status.
These signals are transmitted to PLCs or RTUs
where they are processed and checked against
predefined limits. The processed information is sent
to the SCADA server through communication
networks. The SCADA software displays the data in
graphical form, including mimic diagrams, trend
graphs, and alarm windows. Operators monitor
these displays and take corrective actions when
required. In case of abnormal conditions, the
SCADA system generates alarms and may
automatically initiate protective actions such as
tripping the generator or closing gates. The system
also records historical data for analysis and
maintenance planning.

SCADA-BASED CONTROL AND PROTECTION AUTOMATION
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Fig: Block Diagram of SCADA System Showing Communication Between Control Center, RTU, and
Field Devices

Automation using Supervisory Control and Data
Acquisition (SCADA) replaces conventional
manual operation with intelligent, computer-based
monitoring and control. The system continuously
acquires data from field devices, processes the
information, and issues control commands to
equipment with minimal human intervention.
Operators supervise the complete plant through a
centralized control interface, which improves
operational efficiency and reduces response
time.SCADA enables real-time monitoring of
essential electrical and mechanical parameters such
as voltage, current, active and reactive power,
system frequency, circuit breaker status, and
transformer tap position. These parameters are
displayed on graphical user interfaces, allowing
operators to assess plant conditions instantly.
Continuous monitoring helps in maintaining system
stability and detecting abnormal conditions at an
early stage.Remote control of equipment is another
important feature of SCADA automation. Circuit
breakers, isolators, transformer tap changers,
excitation systems, and turbine controls can be
operated from the control room. This capability
minimizes the need for manual switching and
enhances operational safety, particularly during
emergency conditions.The Remote Terminal Unit
(RTU) acts as an interface between the control
center and field devices. The master station sends
supervisory commands such as trip/close,
open/close, start/stop, raise/lower, and setpoint
values to the RTU. The RTU converts these
commands into appropriate signals for field
equipment and executes them locally. In addition,
the RTU collects data from sensors and devices
installed throughout the plant. Digital inputs provide
equipment status, analog inputs represent
continuous values such as voltage and temperature,
and pulse inputs measure energy or flow. The RTU
transmits this information back to the master station
for monitoring and analysis.SCADA also supports
Automatic Generation Control (AGC), which
balances power generation with grid demand. The
output of generating units is automatically adjusted
to maintain system frequency and ensure power
quality. Load management functions coordinate
generation dispatch, peak load operation, and load

shedding to prevent system overload. Voltage and
reactive power control is achieved by operating
capacitor banks and transformer tap changers to
maintain  voltage within permissible limits.
Furthermore, data logging and trend analysis
provide historical records that assist in performance
evaluation and maintenance planning.

Automation of Control and Protection Types
Generation control automation regulates the
operation of generating units to ensure efficient and
stable electricity production. In hydropower plants,
turbine speed, water flow, and generator output are
controlled automatically according to load demand.
Frequency is maintained by turbine governors, while
voltage is controlled using excitation systems. Load
sharing between multiple units optimizes efficiency
and prevents overloading. Automation also enables
automatic startup and shutdown of generating units
based on demand or water availability. Technologies
such as Distributed Control Systems (DCS), PLCs,
and SCADA provide coordinated control and
monitoring, improving grid stability and reducing
manual intervention. Transmission and distribution
automation ensures reliable delivery of power from
generating stations to consumers. Automated
switching systems isolate faulty sections while
maintaining supply to healthy lines. Voltage
regulation is achieved through on-load tap changers
and reactive power compensation devices.
Automated fault detection systems identify short
circuits, line overloads, and outages, and isolate
affected sections rapidly. Devices such as RTUs and
Intelligent These signals are transmitted to PLCs and
SCADA systems for visualization and analysis. This
automation supports predictive maintenance,
improves operational efficiency, and reduces
equipment failures.Load management and energy
optimization are essential for efficient hydropower
plant operation. SCADA systems manage base load,
peak load, and load-following modes by adjusting
turbine output. Optimal scheduling of generating
units ensures maximum power generation with
minimum water usage. Energy management systems
coordinate real-time monitoring and control, thereby
maintaining grid stability and improving plant
efficiency.
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ACQUISITION AND DATA
PROCESSING

Data acquisition is the process of collecting and
measuring physical and electrical parameters from
plant equipment for monitoring, control, and
analysis. In a hydropower plant, data acquisition
systems capture real-time information from
turbines, generators, transformers, gates, and
auxiliary systems. The collected data is used to
monitor plant performance, support control and
protection functions, and enable predictive
maintenance.

Electrical parameters measured include voltage,
current, frequency, and power output. Mechanical
parameters include turbine speed, shaft vibration,
and bearing temperature. Hydraulic parameters
include reservoir level, water flow, and pressure.
Environmental parameters such as rainfall and river
flow may also be monitored. These measurements
provide a comprehensive view of plant operation.
Data Processing

Data processing converts raw measurements into
meaningful information for monitoring and control.

Tripping Circuit + ve

After data is collected from sensors, it undergoes
signal conditioning, filtering, and normalization.
Analog signals are converted into digital form using
analog-to-digital converters. The processed data is
then analyzed by comparing values with predefined
limits.

When abnormal conditions are detected, alarms are
generated and protective actions may be initiated.
Processed data is also logged for historical analysis
and performance evaluation. PLCs and RTUs
perform initial processing, while SCADA or DCS
systems handle advanced analysis and visualization.
Energy management software further supports
optimization and predictive maintenance.

Data processing enables automatic control of
turbines, generators, and gates. It supports fault
detection by identifying abnormal trends and assists
in energy optimization by analyzing efficiency.
Historical data helps in maintenance planning and
operational improvements. By combining data
acquisition and processing, the hydropower plant
achieves efficient, reliable, and automated
operation.
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Fault detection is a critical function of Supervisory
Control and Data Acquisition (SCADA) systems in
modern hydropower plants. The SCADA system
continuously  monitors real-time  operational
parameters and compares them with predefined safe
operating limits. When deviations occur, such as
overcurrent, short circuit, earth fault, overvoltage, or
frequency variation, the system immediately
identifies the abnormal condition as a fault. Upon
detection, SCADA generates alarms, records event
details including time and location, and may
automatically initiate corrective actions such as
tripping circuit breakers and isolating the faulty
section. This rapid response minimizes equipment
damage and improves system reliability. Advanced

analytical techniques further enhance the fault
detection capability of SCADA systems. Methods
such as waveform analysis, state estimation, and
fault location algorithms help in identifying the
nature and location of faults accurately. In addition,
intelligent ~ approaches based on artificial
intelligence and data analytics can predict potential
faults by analyzing historical data trends. These
techniques enable predictive maintenance and
reduce unexpected outages. By integrating
monitoring, analysis, and control functions, SCADA
improves operational efficiency and ensures
effective  fault  management in  power
systems.SCADA also plays a vital role in protecting
various electrical equipment. In transformers, the
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system monitors oil temperature, winding
temperature, oil level, and pressure. When abnormal
conditions such as overheating or internal faults
occur, SCADA generates alarms and initiates
breaker tripping to prevent damage. In generators,
parameters such as voltage, current, and frequency
are supervised. Faults such as overload, short circuit,
and frequency deviations are detected, and
protective actions such as generator tripping or load
shedding are executed.For transmission lines,
SCADA monitors voltage and current to identify
line-to-line or line-to-ground faults. The faulty
section is isolated by operating circuit breakers,
while healthy sections continue to operate. Circuit
breakers themselves are monitored through trip
circuit supervision schemes, ensuring their
availability during faults. In motors and pumps used
in hydropower plants, SCADA tracks temperature,
vibration, and current. If overheating, overload, or
mechanical abnormalities occur, the system
automatically shuts down the equipment. Thus,
SCADA provides comprehensive protection for
electrical and mechanical equipment through
continuous monitoring and automatic
response.Fault detection using SCADA follows a
systematic process. Sensors installed in the plant
collect real-time data such as voltage, current, and
temperature. This data is transmitted to RTUs or
PLCs and then to the SCADA master station. The
system compares the incoming data with preset
limits. If the parameters remain within safe limits,
the system continues normal operation. When
abnormal conditions are detected, SCADA
generates  alarms, notifies  operators, and
automatically performs protective actions such as
tripping breakers and isolating faulty sections. The
system also records fault information for analysis
and reporting, which helps improve future system
performance.

Conclusion

The automation of control and protection systems
using Supervisory Control and Data Acquisition
(SCADA) in hydropower plants significantly
improves operational efficiency, reliability, and
safety. SCADA enables continuous real-time
monitoring of critical parameters such as water flow,
turbine speed, generator voltage, current, and power
output. By analyzing these parameters, the system
ensures optimal power generation while maintaining
system stability. The ability to remotely control
equipment and adjust operating conditions reduces
manual intervention and enhances operational
accuracy.SCADA-based protection systems also
provide rapid detection of abnormal conditions,
including overloads, short circuits, and frequency
deviations. Once a fault is detected, automatic
protective actions such as circuit breaker tripping
and isolation of faulty sections are performed
immediately. This minimizes equipment damage,
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reduces downtime, and ensures uninterrupted power
supply. The integration of control and protection
functions within a single SCADA platform
simplifies plant operation and improves decision-
making through real-time data visualization and
historical analysis.Furthermore, SCADA systems
support predictive maintenance by analyzing
operational trends and identifying potential
equipment failures. This capability improves
equipment lifespan and reduces maintenance costs.
Overall, the implementation of SCADA-based
automation in hydropower plants enhances system
performance, ensures reliable power generation, and
contributes to efficient and sustainable energy
management.

Future Scope

The future of SCADA in hydropower plants is
highly promising due to rapid advancements in
automation and digital technologies. Integration of
Artificial Intelligence (AI) and Machine Learning
(ML) with SCADA systems will enable predictive
fault detection, intelligent decision-making, and
optimization of plant operations. These technologies
will help in forecasting equipment failures,
optimizing water utilization, and improving power
generation efficiency.The adoption of Internet of
Things (IoT) devices will enhance connectivity
among various plant components. Smart sensors will
provide more accurate and real-time data, enabling
faster response to changing operating conditions.
Cloud-based SCADA systems will allow centralized
monitoring and control of multiple hydropower
plants from remote locations, improving operational
flexibility and reducing infrastructure costs.Future
SCADA systems will also support smart grid
integration, allowing hydropower plants to operate
efficiently with other renewable energy sources such
as solar and wind power. Advanced cybersecurity
measures will be implemented to protect critical
infrastructure from cyber threats. In addition, self-
healing power systems will automatically detect
faults, isolate affected sections, and restore supply
without manual intervention.Advanced data
analytics and digital twin technologies will further
enhance performance monitoring and predictive
maintenance capabilities. These developments will
improve reliability, reduce operational costs, and
increase overall efficiency. Therefore, SCADA will
continue to play a vital role in modernizing
hydropower plants and supporting sustainable
energy development.
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