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Power Plant Control Room Operator

Availability:
WEB: English

901- Plant Control System

The Control Operator Training Program encompasses a variety of topics. During the first module of the training program,
students will learn about the Plant Control System. During this module, students will become familiar with typical
Distributed Control System (DCS) capabilities. Students will be further challenged to apply their DCS knowledge in order
to understand how proper plant processes are accessed and controlled using DCS controllers.

Topics Covered:
Distributive Control System
Process Control basics
Control diagrams and symbols
Work station environment
Basic unit loading and control

902 - Circulating Water System

An important component of the Control Operator Training Program is a thorough understanding of the Circulating Water
System.  During this module, you will be introduced to the Circulating Water System through a series of lessons
discussing the function of the Circulating Water System, its major components and component controls.

Once you have become familiar with the components of the Circulating Water System, you will then be introduced to the
process controls behind the operation of the system. Finally, your understanding of the Circulating Water System will be
tied together with a discussion on how the system components and process controls come together during Water System
Circulation Operation.

903 - Condensate System

An important component of the Control Operator Training Program is a thorough understanding of the Condensate
System. During this module, you will be introduced to the Condensate System through a series of lessons describing the
inner workings of the Condensate System from system building blocks (individual components) to the full operation of the
system.

904 - Feedwater System

This module contains information pertaining to the Feedwater System which is an important component of Control
Operator Training Program. During this module, you will be introduced to the Feedwater System through a series of
lessons describing the inner workings of a typical Feedwater System and its associated controls.

905 - Boiler Feed Pumps
During this module, students will learn about the function of the boiler feed pump, the major components and flow-path of
the boiler feed pumps, the boiler feed pump systems, and other important information related to boiler feed pumps.



Students will have their knowledge tested at the end of each lesson through a series of challenging review questions and
lesson quizzes. The final challenge for each student will a test of their overall knowledge of the material covered through
participation in a final exam at the end of the module.

906 - Boiler Water and Steam System

During this module, students will learn about the function of the boiler feed pump, the major components and flow-path of
the boiler feed pumps, the boiler feed pump systems, and other important information related to boiler feed pumps.
Students will have their knowledge tested at the end of each lesson through a series of challenging review questions and
lesson quizzes. The final challenge for each student will a test of their overall knowledge of the material covered through
participation in a final exam at the end of the module.

907 - Combustion Air and Flue Gas System
This module contains information pertaining to the combustion air and flue gas system.

Learning Objectives
During this module, you will be introduced to the combustion air and flue gas system through a series of lessons
describing the inner workings of a typical combustion air and flue gas system and its associated controls.

Topics Covered
The following topics are covered during this course:

Combustion Air and Flue Gas System Function

Major Components of the Combustion Air and Flue Gas System
Components Controls

Combustion Air and Flue Gas System Process Control
Combustion Air and Flue Gas System Operation

908 - Boiler Fuel System

Upon completion of this course, you will be able to:

Describe the function of the Boiler Fuel System.

Describe the flow paths and major components associated with the Boiler Fuel System.
Describe the Boiler Fuel System process control loops and associated methods of control.
Describe the steps required to prepare for and startup of the Boiler Fuel System.

Describe the steps taken during normal operation of the Boiler Fuel System.

Describe the steps required to shut down the Boiler Fuel System.

909 - Air Pollution Control Systems
This course contains information pertaining to the Air Pollution Control System which is an important component of
Control Operator Training Program.

During this course, you will be introduced to the Air Pollution Control System through a series of lessons describing the
inner workings of a typical Air Pollution Control System and its associated controls.

Learning Objectives
Upon completion of this course, you will be able to:

Describe the function of the Air Pollution Control System

Describe the flow paths and major components associated with the Air Pollution Control System

Describe the Air Pollution Control System process control loops and associated methods of control

Describe the steps required to prepare for and startup an Air Pollution Control System

Describe the observations made and actions taken during normal operation of the Air Pollution Control System
Describe the steps required to shut down an Air Pollution Control System

910 - Turbine Auxiliaries System Operation and Control
This course provides a general overview of some very important basic knowledge sets necessary for a solid
understanding of plant control systems.

This module contains information pertaining to the Turbine and Auxiliaries System. A typical Turbine and Auxiliaries
System and its associated controls are described within this module.

Learning Objectives

Describe the function of the Turbine Auxiliaries Systems

Describe the Turbine Auxiliaries Systems m process control loops and associated methods of control.

Describe the steps required to prepare for and startup of the Turbine Auxiliaries Systems

Describe the steps taken during normal operation of the Turbine Auxiliaries System Describe the steps required to shut
down the Turbine Auxiliaries System.



911 - Generator and Auxiliaries System Operation and Control
Upon completion of this course, you will be able to:

Describe the function of the Generator and Auxiliaries System.

Generator and Auxiliaries System

Describe the Generator and Auxiliaries System m process control loops and associated methods of control.
Describe the steps required to prepare for and startup of the Generator and Auxiliaries System

Describe the steps taken during normal operation of the Generator and Auxiliaries System

Describe the steps required to shut down the Generator and Auxiliaries System.

912 - Unit Integrated Startup and Shutdown

Upon completion of this course, you will be able to:

Pre-Start Checklist

Startup Procedures

Pre-Shutdown Checklist

Shutdown Procedures

Ability to perform Complete Unit Start-up.

Ability to perform troubleshooting of Unit Integrated Operation Systems/components during Normal Operation.
Ability to perform complete Unit Shut-down.

Ability to perform all Unit System Valve Line-ups.

913 - Efficient, Reliable and Environmentally Sensitive Operations
Upon completion of this course, you will be able to:

Basic Efficiency Principles

Boiler Efficiency

Condenser Efficiency

Turbine Efficiency

Feedwater Heaters

Auxiliary Power Consumption

Boiler Reliability

Environmentally Sensitive Operations

914 - Abnormal Plant Conditions

Upon completion of this course, you will be able to:

Responding to Abnormal Conditions Knowledge of the Hierarchy of Alarms.
Ability to Identify Systems/Equipment in Alarm/Alarm Status.

Ability to interpret and print an Alarm List.

Ability to appropriately respond to Alarms.

Ability to respond appropriately to the loss of a Condensate Pump.

Ability to respond appropriately to the loss of a Feedwater Pump.

Ability to respond appropriately to the loss of a Fan Pair.

Ability to respond appropriately to Drum Level Hi/Lo.

Ability to respond appropriately to Turbine High Vibration.

Ability to respond appropriately to Turbine Thrust.

915 - Heat Rate Improvement
This module contains information pertaining to the Abnormal Plant Conditions System. Several critical abnormal plant
conditions and associated responses are described within this module.

Learning Objectives

Hierarchy of alarms

How to identify process equipment and Foxboro System Alarms and alarm status
How to interpret and print an alarm list

How to appropriately respond to alarms

How to respond appropriately to the loss of a condensate pump

How to respond appropriately to the loss of a feed water pump

How to respond appropriately to the loss of a fan pair

How to respond appropriately to turbine high vibration

How to respond appropriately to turbine thermal stress limiting (+)
And how to respond appropriately to turbine thermal stress limiting (-)



Generation

This curriculum is aimed at all personnel who are involved in plant maintenance including operators,
maintenance technicians, craftsmen and management. Our Objective is to present techniques used in
modern plants to measure on an ongoing basis, the rate of deterioration of equipment, analysis and
interpretation of such information, and the resultant implementation of predictive maintenance.

Combined Cycle Technologies Series

2501 Major Components Design & Construction

This program is aimed at all personnel who are involved in plant maintenance including operators,
maintenance technicians, craftsmen and management. Our Objective is to present techniques used in
modern plants to measure on an ongoing basis, the rate of deterioration of equipment, analysis and
interpretation of such information, and the resultant implementation of predictive maintenance.

After completion of this videotape and associated workbook, the participant will be able to understand the
following concepts and apply them to his day to day work activities.

The gas-turbine cycle

Conversion of heat to mechanical energy

Typical values of temperature and pressure "through cycle"
Single shaft and two shaft arrangements

Exhaust heat recovery

The basic combined cycle

Axial flow and centrifugal flow compressors

Effect of pressure ratio on efficiency

Potential for compressor stall at start-up

Variable inlet guide vanes

Combustor arrangements

Combustion air, and secondary air

Factors affecting air temperature rise through the combustion section
Control of gas turbine output

Combustion igniters, and flame detectors

Water and steam injection



Distribution of turbine energy; to compressor, generator, auxiliaries, and stack
Gas turbine efficiency

Regenerative heat exchangers

Turbine reheat cycle

Significance of gas temperature at turbine inlet
Turbine blade cooling

Turbine stage seals

Turbine rotor assembly and stator assembly
Exhaust frame arrangements.

Gas-turbine starting arrangements

Accessory gear box drive to auxiliaries

2502 Gas Turbine Support Systems

Combined Cycle plants employ both steam turbines and combustion (gas) turbines and are operated in a
manner which raises the overall plant efficiency almost 60%. This significant improvement in efficiency is
achieved by using the waste heat from the combustion turbine exhaust in the production steam for the
steam turbine cycle. The popularity of combined cycle plants has increased dramatically in recent years,
driven both by the increasing cost of fossil fuels and by the increasingly stringent regulations regarding
emissions of all sort. We have created this series to assist engineers, trainers, maintenance staff, and plant
operators with the knowledge necessary in Combined Cycle Technologies.

Upon completion of this videotape and associated workbook, the participant should understand and be able
to apply the following concepts.

Bearing layout, journal and thrust

Typical lubricating oil system

Oil pumps: main, auxiliary, emergency DC

Oil coolers, heater, strainers and filters

Oil temperature and pressure control

Trip (control) oil system

Hydraulic oil system

Air inlet system, filtration, guide vanes
Compressed air extraction system

Air cooling systems, bearing seals

Atomizing air and purge air system

Air bleed to prevent stall

Typical fuels used in gas turbines

Liquid fuel storage and transfer system

Fuel pumping and heating

Fuel strainers and filters

On-base liquid fuel system

Control and shut-off valves

False start drains

Gas fuel handling system

On-base gas fuel system

Dual-fuel firing system

Significance of NOX, SOX, CO, and particulates
NOX control systems, Low-NOX burners, SCR
Cooling systems

Generator cooling, air and hydrogen cooling systems
Gas Turbine compartment cooling by air

CO2 fire protection system

2503 Operation of Gas Turbines

The objective of this videotape is to present the factors involved in operation of the gas turbine generating
unit, including typical procedures for start-up and shut-down of the unit. On-load operation is discussed with
particular emphasis on operating hazards and limitation. The videotape generally focuses on the heavy
industrial type gas turbine. Aero-derivatives are discussed in detail in tape number five in the series.

Upon completion of this module and associated workbook, the participant should be familiar with and be
able to apply the following concepts:



Objectives of operating maneuvers
Auto/manual operation

Start-up prerequisites

Auxiliary systems required for start-up
Turning gear

Starting device and torque convertor

"Break away" and speed adjustment
Necessity for unit purge

Ignition and light-off

Speed control to synchronization

Start-up curve

Minimum load setting

Change over from start-up to operating conditions
Permissible rate of loading

Base load and peak load (overload)
Governor control, speed droop characteristic
Exhaust temperature control (override)
Procedure for shutdown

Need for even cooling

Spin cooling; turning gear

Operating hazards; mechanical, thermal, combustion
Overspeed

Bearing failures

Vibration detectors

Mechanical unbalance

Turbine blade deposits

Thermal unbalance, distortion, misalignment
Conditions required for combustion

Effects of overfiring

Loss of ignition, explosion

Accumulation of unburned carbon

Need for complete monitoring and control system

2504 Control and Protection Systems

The objective of this videotape is to present the features of control and protection systems as used on gas
turbine installations. The previous tape GT 3 dealt with operating parameters and potential hazards thus
laying the groundwork for study of control and protection devices.

Upon completion of this videotape and associated workbook, the participant should understand and be able
to apply the following concepts:

The function of the control system

The control loop

Sensing devices

Actuators

Controllers, mechanical, electronic, digital
Reliability i.e. redundant (duplicate) equipment
Operator interface

Display of information

Inputting commands

Controlling turbine output - FSR (Fuel Stroke Reference)
Automatic start-up sequence, permissives

Speed sensors, switches, relays

Modes of control, start-up, speed/load, temperature
Pre-set FSR, Limitations

Speed/load control, governor characteristic
Loading rate limitations

Automatic shut-down sequence

Spin cooling, fired shut-down

Exhaust temperature control

Monitoring thermocouples, spread



Monitoring combustion conditions
Alarms and trips

Flameout protection

Overspeed protection
Overtemperature protection
Vibration protection

2505 Aero-Derivative Gas Turbines

The objective of this videotape is to highlight the main features of the aero-derivative type of gas turbine,
drawing attention in particular to the difference when compared with the heavier industrial machines.

Upon completion of this videotape and associated workbook, the participant should understand and be able
to apply the following concepts:

Suitability for application as standby generating units
Quick start-up and loading

Ability to perform "Black Start"

Application of the aero jet-engine as a hot gas generator
Use of a free turbine in the hot gas path

Two shaft machines

Three shaft machines

H.P. and L.P. compressors

Shaft speeds - N1, N2, N3

Bearing arrangements

Start-up by air drive to N2 shaft

Bleed valves, automatic operation

Annular combustors

Pressure atomization of liquid fuel

Start-up atomizing air assist

Multiple fuel nozzles per combustor

Exhaust gas temperature of the gas generator (typical)
Twin-pac units (two GTs per generator)

Support systems - mechanical drive auxiliaries

Lube oil and fuel systems

Fire protection

Cooling systems

Water wash system

Operator interface

Control panel arrangements

Indications, controls and alarms

Auto - controls; control modes

Protective systems and tripping arrangements
Operating procedures; start-up, loading, and shut-down
Control by gas generator exhaust temperature

Effect on unit output and efficiency of inlet air temperature

2506 Routine Maintenance
The objective of this videotape is to present the nature and purpose of different modes of maintenance, i.e.
running, predictive, and preventive maintenance.

Upon completion of this videotape and associated workbook, the participant should understand
and be able to apply the following concepts:

Maintenance objectives

Operator-maintenance coordination

Types of maintenance, definition of: running, predictive, and preventive maintenance
Operator observations, abnormalities, defect reports

On-line maintenance

Off-line maintenance, permit to work, clearance

Concept of predictive maintenance

Critical points of measurement

Plotting trends of pressures and temperatures

Interpreting trends to determine outage schedules



Interpreting trends to determine spare parts requirements
Performance testing; fuel consumption, heat rate
Effect of ambient conditions, correction factors
Vibration analysis
Unbalance, misalignment, bearing problems
Objective of preventive maintenance
Pre-planned, scheduled outages for maintenance
Scheduled tasks; inspection, replacement, repair
Typical maintenance schedule
Definition of inspections:

combustion equipment

hot gas path

major overhaul
Factors affecting frequency of inspection
Detailed procedure for combustion inspection
Examination by borescope

2507 Major Maintenance

This program will train personnel on the operation and maintenance of gas turbines and associated
equipment including combined cycle operation. The objective of this videotape is to draw attention to
inspection requirements, which are similar for most types of gas turbines although mechanical details may
be different.

Upon completion of this videotape and associated workbook, the participant should understand and be able
to apply the following concepts:

Standard work practices.

Objectives of hot gas path inspection

Components to be removed and inspected

Preparation for work

Need to support vertical joint

Procedure for disassembly

Lifting the shell

Removal of transition pieces

Removal of first and second stage upper nozzle assemblies
Removal of upper first stage nozzle support ring

Removal of upper second stage diaphragm

Removal of interstage packing in the lower half second stage diaphragm
Removal of first and second stage lower nozzle assemblies by rolling
Marking of components for identification

Standard "left" or "right" identification

Measuring clearances between rotating and stationary elements
Cleaning and inspection of components

Inspection requirements for nozzles, diaphragms, seals

Dye penetrate test for cracking

Major overhaul

Lifting compressor upper shell

Coupling removal

Removal of exhaust frame and inlet casing

Checking compressor clearances

Disassembly of thrust and journal bearings

Lifting the rotor

Inspection requirements for rotor, bearings, buckets, blades, vanes, etc
Reassembly

Setting thrust bearing

Setting packing seals

Journal bearing contact check

Spare parts requirements

2508 Combined Cycle Operations

The objective for this videotape is to present the main features of the Gas Turbine Combined

10



Cycle, as employed for “Power Generation”, and “Co-Generation” (process steam of gas to Industry.)

The most common types of configurations are presented along with an examination of typical steam
arrangements. Operation and control of the combined unit is also discussed in some turbine detail, with the
exception of the HRSG which is demonstrated in videotape 2509.

Upon completion of this videotape and associated workbook, the participant should understand and be able
to apply the following concepts:

Awareness of the large amount of heat contained in the exhaust gas

Recovery of exhaust heat through the HRSG (Heat Recovery Steam Generator)
The advantage of dual pressure and triple pressure HRSG's

Applications of HP steam, IP steam, and LP steam

Feedwater heating by the economizer

Final exit gas temperature to the stack

Effect of gas turbine load reduction on exhaust gas temperature

Control of air (and gas) flow by inlet guide vanes in order to control exhaust gas temperature
The use of auxiliary burners to increase gas temperature at the HRSG inlet
Typical configurations of combined cycle units

The use of the HRSG gas by-pass

The use of HRSG steam by-pass to the condenser

Steam turbine sliding pressure operation, accompanying load changes on the gas turbines
The use of back pressure turbines to provide steam for process use

The need for auxiliary boilers where process steam is supplied

The use of condensing steam turbines with steam extraction for process

Typical steam turbine arrangements for combined cycle units

Condenser arrangements

Re-heat steam turbines for combined cycles

Steam turbine support systems

Condenser operation and CW systems

Gland steam system operation

Start-up and operation of the combined cycle unit

Control of pressure raising in the HRSG

Control of steam temperature at the steam turbine inlet

2509 Heat Recovery Steam Generator
The objective of this videotape is to continue the discussion on combined cycle installations with particular
focus upon the HRSG, and associated condensate and feed systems.

Upon completion of this videotape and associated workbook, the participant should understand and be able
to apply the following concepts:

Heat transfer.

Natural circulation and forced circulation

Typical HRSG construction

Function of economizer, evaporator, superheater
Steam drum internals

Steam drum external connections

Steam fundamentals, saturation, wet steam, superheat
Pendant and horizontal superheater construction
Superheater drains and vents

Steam temperature control, desuperheater
Reheater arrangements

Function of safety valves

Multi-pressure HRSG’s

Dampers, air sealing arrangements

Fired section, fuel system, control

Location of SCR for NOx control

Monitoring gas temperature through the HRSG
Effect of low stack temperature: dew point
Condensate and feedwater system

Condensate pump pressure

11



Extraction heating and condensate preheating by gas
Deaeration: Deaerator pressure and temperature
Feed pumps; Pressure requirements, recirculation
Cycle control: D/A level, hotwell level

Make-up; Demineralizer

HRSG trips - causes and effects

Drum - level; three element control

Boiler water control, limits, blowdown

2510 Generator and Electrical Systems

The objective of this videotape is to draw attention to important operating parameters of the power
generator. A review of fundamentals is included as an aid to understanding the significance of generator
control.

Upon completion of this videotape and associated workbook, the participant should understand and be able
to apply the following concepts:

The generator’s function: energy conversion
Features of generator construction

Stator winding, rotor winding

Static exciter, collector rings, rotating exciter
Open cycle air cooling

Closed cycle air cooling

Advantages of hydrogen cooling

Hydrogen pressure control, leakage compensation
Hydrogen seals, seal oil system

Hydrogen explosive range

Procedures for purging

Fundamentals of ac generation

Relationship between frequency, speed, and number of poles
Single phase and 3-phase generation

3-phase system

Required conditions for synchronizing

Controlling generator power output

Reason for change in power output requirements
Combined operation of governors

Load sharing between parallel generators

Static excitation system

Brushless excitation system

Effect of changing excitation current

Control of voltage and MVAR output

System demand for MVARS

Generator MVA output

Power factor

Generator capability curve

2511 Gas Turbine Power Generation Review Test
(No information available on this subject)

7401 Co-Generation and other Turbine Cycles
The objective of this module, the first in the series on "Steam Power and Cogeneration” is to present the
different cycle arrangements that are commonly employed in steam turbine power generation installations.

Energy concepts and steam fundamentals are also reviewed to improve understanding and provide
examples of efficiency calculations. Finally, to prepare the way for the remainder of the module, an
introduction is made to the major systems of the steam power plant and their functions.

After completing this module, the participant should be able to understand the following concepts and apply
them in day-to-day work activities:

Co-generation arrangements
Heat recovery from diesels and gas turbines

12



Back pressure steam turbines
Energy utilization
Balance of heat and power demand
Condensing turbines
Condenser loss
Units of absolute pressure, vacuum
Feedwater heating
Extraction steam for process
Forms of energy; heat, mechanical, electrical
Properties of steam and water
Sensible heat, latent heat, superheat
Effect of pressure on saturation temperature
Use of steam tables
Heat and efficiency calculations for different cycles
Effect of operating conditions on efficiency
The reheat cycle
The use of temperature-entropy charts
Function of major plant systems:
main and auxiliary steam
turbine extraction steam
condenser circulating water
condensate and feedwater systems
feedwater heaters
boiler and combustion systems
boiler air and gas systems
fuel supply systems
turbine support systems
generator support systems
monitoring and control systems
station service supply systems

7405 Boiler Control (Operation, Environmental, Chemical)

The objective of this second module is to look at the concept of steam generation, and to present features of
design and construction of boilers (steam generators). Both the water side and gas side of the boiler are
dealt with, but the subject of combustion and burner equipment is left to the next tape.

After completing this module, the participant should be able to understand the following concepts and apply
them in day-to-day work activities.

The requirements for a basic boiler

The fire-tube boiler

Convection, natural circulation, and forced circulation

The need for feedwater to compensate for steam generated
Basic control of steam pressure, i.e. steam output flow versus heat input from combustion
Water-wall construction

The use of downcomers to feed riser tubes

Shrink and swell of water level

Heat transfer by radiation and conduction

The function of the steam drum

Steam drum internal hardware

Steam drum external connections

Boiler drains and blowdown valves

Superheater arrangements

Pendant and horizontal superheater construction
Superheater drains

Primary and secondary superheater banks

Attemperation for steam temperature control

Reheat bank arrangements

The air and gas path through the boiler

FD fans and ID fans

Comparison of balanced draft system and the pressurized furnace

13



Temperature gradient throughout the air and gas path

Function of the economizer and airheater

Boiler insulation and boiler casing

Access ports and doors

Typical construction of the heat recovery steam generator (HRSG)
Sources of hot gas for the HRSG

Bypass damper arrangements

The multiple pressures HRSG

7406 Steam Turbine Construction
The objective of this third module is to present the characteristics of different types of fuel, and look at the
factors governing efficient combustion.

Various types of burner equipment are demonstrated for burning coal, oil, natural gas, wood, and low-grade
fuels such as municipal waste.

On completion of this module, the participant should understand the following concepts and be able to apply
them in day-to-day work activities.

Combustible elements in fuel

Non-combustible elements in fuel

Typical analysis for coal, oil, natural gas and wood
Combustion reactions for carbon, hydrogen, and sulfur
Calculation for heat content of different fuels

Fuel requirements (quantity) to meet energy demand on boiler
Oxygen requirements for combustion of different fuels
Theoretical air requirements

Need for excess air

Flue gas analysis

Formation of carbon monoxide; effect of nitrogen

Monitoring oxygen (02) in flue gas

Losses due to moisture in fuel gas

Significance of lower caloric value (LCV) and higher calorific
Value (HCV)

Conditions required for combustion in practice.- temperature, turbulence and time
Firing fuel oil and gas

Firing with pulverized coal

Bottom ash and fly ash removal

Solid-fuel firing on a grate

Firing low grade fuels

Fluidized bed combustion

7407 Steam Turbine Operation & Control

The objective of this seventh module is to present and discuss the major features of steam turbine
operation, protection and control. Particular attention is paid to the effect of changes in load or steam
temperature on mechanical operation of the turbine, and consequent need for supervisory instrumentation
and automatic protection devices.

After completion of this module the participant should be able to understand the following concepts and
apply them in day-to-day operation:

Operation of the turbine hydraulic control system

Governor operation

The function of turbine control valves and stop valves

The function of reheat intercept valves and reheat stop valves

Location of steam chest(s)

Operation of drains on steam piping, stop valve, steam chest, turbine shell
The need for turning gear

Start-up procedure

Limitations to rate of raising speed

Critical speeds

14



Full-arc and partial arc steam admission

Matching steam temperature to turbine metal temperature

Turbine steam by-pass

Minimum load requirements

Effects of turbine expansion

Supervisory equipment: eccentricity, vibration, differential expansion, metal temperature,
shaft position, pedestal position

Prevention of water ingress to the turbine

Function of protection devices, overspeed, low vacuum, thrust bearing failure, loss of tube oil pressure,
boiler-generator-turbine intertripping, steam pressure deloader

Turbine trip function

On-load testing of protective devices

Exercising stop valves

Control room layout

Significant monitoring points

7409 Plant Auxiliary Systems

The objective of this eighth module is to draw attention to important operating parameters of the power
generator. A review of fundamentals is included as an aid to understanding the significance of generator
control. After completion of this module, the participant should be able to understand the following concepts
and apply them to his day-do-day work activities:

The generator’s function: energy conversion
Features of generator construction

Stator winding, rotor winding

Static exciter, collector rings, rotating exciter
Open cycle air cooling

Closed cycle air cooling

Advantages of hydrogen cooling

Hydrogen pressure control, leakage compensation
Hydrogen seals, seal oil system

Hydrogen explosive range

Procedures for purging

Fundamentals of AC generation
Relationship between frequency, speed, and number of poles
Single phase and 3-phase generation
3-phase system

Required conditions for synchronizing
Controlling generator power output
Combined operation of governors

Load sharing between parallel generators
Static excitation system

Brushless excitation system

Effect of changing excitation current

Control of voltage and MVAR output
System demand for MVARs

Generator MVA output

Power factor

Generator capability curve

7801 Fundamentals of Power Plant Efficiency |
The objective of this module is to present and discuss typical arrangements of plant systems and auxiliary
equipment, all of which fulfil a specific function and need in power plant operation.

After completion of this module the participant should be able to understand and apply the following
concepts in day-to-day operation:

Typical arrangements of steam systems including main steam, reheat steam, extract steam, and
auxiliary steam

Procedure for warming and charging a steam line

Operation of steam line drains, and traps

15



Allowance for expansion in pipe routing and configuration
Applications of extraction steam
Routing of extraction steam line drains
Sources and applications of auxiliary steam
Pressure reducing stations and desuperheating stations
The function of the condensate and feedwater system
Addition of heat to condensate and feedwater
Pumping arrangements, i.e. condensate pump and boiler feedpump
Control of feedwater flow to boiler, i.e. variable speed drive or modulating feedwater control valve
Feedwater control valve arrangements
Feedwater pump recirculating line
Procedures for preparing a feedwater pump for stand-by service
Hotwell level control by make-up or overflow
Control of deaerator level
Function of the condensate fill pump (also known as boiler fill pump)
Construction and operation of closed feedwater heaters
Venting arrangements from feedwater heaters
Routing and control of condensate drains from closed heaters
Protection against high-level condensate in feedwater heaters
The function and operation of the deaerator
Venting of pipework and equipment before start-up
Typical arrangements and characteristics of:
Closed circuit bearing cooling water system
Circulating water (CW) systems
Service water systems
Fire protection systems
Auxiliary plant power supply bus arrangements
Sources of station service supply
Black start capability and capacity
Procedures for transfer of station service supply on unit trip
Typical arrangement for supply and application of DC power
UPS systems

7802 Fundamentals of Power Plant Efficiency Il

The objective of this module is to present and discuss the various types of maintenance that must be carried
out in a steam power plant. We also look at documentation, which is required for planning and control of
maintenance. Also demonstrated are typical maintenance tasks that are normally performed on major items
of equipment during plant inspection outages and major overhauls.

After completion of this module, the participant should be able to understand the following concepts and
apply them in day-to-day work activities.

The objectives of maintenance, namely to retain equipment availability, capability and efficiency

The definition and relationship of different types of maintenance such as running maintenance, preventive
maintenance, major overhaul, predictive maintenance, and breakdown maintenance

Typical running maintenance activities

The principals of preventive maintenance, i.e. regular scheduled inspection and replacement of components
where necessary

The application of predictive maintenance through condition monitoring

Condition monitoring techniques, on line and off line

The application of NDE (Non-Destructive Examination) techniques

Reliability centered maintenance

The effect of operating regime on equipment deterioration

The need for planning, control and co-ordination of maintenance activities

Typical documentation, which is used for maintenance control

The critical importance of recording measured values during overhaul inspection

The need to keep the equipment history file updated

Spare parts data

Flexibility of the maintenance schedule

Typical boiler maintenance activities, during operation and during overhaul

Boiler predictive maintenance activities

Boiler internal inspection

16



Maintenance of boiler auxiliary equipment

Typical outage schedule for turbine maintenance
Turbine condition monitoring activities

Typical maintenance activities during turbine overhaul
Maintenance of turbine auxiliary equipment
Generator running maintenance activities

Generator overhaul activities

Generator condition monitoring

Typical transformer maintenance activities

Typical switchgear maintenance activities

7805 Factors Affecting Turbine Efficiency

The objective of this module is to present the principles and practice of C.H.P. (Combined Heating and
Power) systems - utilizing heat recovery from different types of prime mover including steam turbines, gas
turbines, and diesel engines. In addition to heat recovery equipment, typical district heating distribution
systems are also discussed.

On completion of this module, the participant should understand the following concepts and be able to apply
them in day-to-day work activities.

Typical values of heat loss from different types of prime mover
Heat recovery from extraction steam turbines
Heat recovery from backpressure turbines
Heat balance and overall heat utilization with heat recovery
Heat recovery from gas turbines
Combined cycle %2 gas turbine and steam turbine, with extraction steam for district heating
The application of auxiliary burners to HRSGs
Heat recovery from reciprocating engines
Fluid heat exchangers
Exhaust duct economizer
The application of auxiliary boilers for process or district heating
The primary hot water distribution loop, supply and return
Control of district heating (D.H.) supply temperature
Control of engine jacket coolant temperature
The customers’ energy transfers station
Control and metering of customer’s heat consumption
Installing pre-insulated piping, including alarm and control wiring
The characteristics of steam distribution for district heating
Steam piping and hardware
Types of valves installed on a steam system
Procedures for handling condensate forming in steam lines:
During start-up
While in service
The causes and dangers of water hammer
The need for caution when interconnecting a small private co-generator (C.H.P.) into a large utility power
system
The need for compatibility of voltage control equipment, governor control, and protection equipment
The need for coordination of clearance procedures between the utility and the private generator to prevent
hazards to personnel
The need for coordination of automatic and manual switching procedures

7806 Operator Controllable Losses: Turbine Cycle
The objective of this module is to present the actions an operator can take to correct efficiency problems related to the
turbine cycle.

Upon completion of this module and workbook, the operator should be able to:

Recognize the conditions related to condenser tube fouling.

Calculate TTD for a condenser.

Calculate the circulating water temperature rise across a condenser.

Take operational actions to eliminate or reduce a fouled condenser condition.
Recognize the conditions that indicate a low circulating water flow.
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Determine the cause(s) of a low circulating water flow.

Determine if sub-cooling is occurring in the condenser.

Recognize a high back pressure problem caused by excessive “heat loading” on the condenser.
Recognize and correct air in-leakage.

Observe temperature limitations during start-up.

Avoid thermal stress using “full-arc” operation and proper temperature ramp rates.

Recognize a condition of a build-up of deposits on the turbine’s steam path.

Be aware of the affect of increasing generator hydrogen pressure.

Know the significance of the generator capability curve.

7901 Combined Cycle Principles
The objective of this module is to review the main features of combined cycle power plants, including major components,
auxiliary systems and variations in plant configuration.

After completion of this module, the participant will be able to understand the following concepts, and apply them in day-
to-day work activities.

The construction and function of major components.

The simple cycle industrial gas turbine.

The aero derivative gas turbine.

The front end mounted generator.

Heat recovery.

Production of steam in the HRSG.

Steam supply for co-generation.

Steam turbine cycle.

Function of the steam turbine condenser

Relation between steam turbine power output and gas turbine power output in combined cycle.
The two two-one configuration, i.e. two gas turbines feeding one steam turbine.
Combined cycle efficiency compared with fossil fired condensing steam turbine cycle efficiency.
Advantages of the combined cycle.

Typical auxiliary systems required to support the major components.

Typical gas turbine auxiliary systems.

Typical generator auxiliary systems.

Control of gaseous emissions to meet environmental standards.

Monitoring and control systems.

Steam turbine generator auxiliary systems.

HRSG auxiliary systems.

Features of supplementary firing.

Objectives and responsibilities of the operating team.

Plant safety.

Plant maintenance.

7902 Combined Cycle Procedures

The objective of this module is to draw attention to the need for establishing operating procedures for major equipment
and auxiliary systems. Examples of operating procedures are examined, in particular those related to start-up of a typical
gas turbine, HRSG and steam turbine, first in isolation and then in concert as a combined cycle unit.

After completion of this module, the participant will be able to understand the following concepts and apply them in day-to-
day work activities:

The objective of operating procedures.

Preparation of operating procedures.

Knowledge gained by operating personnel during preparation of operating procedures.
Power plant general service systems.

Procedure for priming piping systems and vessels.

Effect of air in a fluid system.

Procedure for priming a feedwater pump.

Operation vents and drains on piping systems.

Operation of steam piping systems.

Dealing with piping expansion and condensation of steam in pipe work.

Procedure for charging a steam pipeline.

Control of pressure and temperature rise in piping systems.

Generic procedure for start-up of a simple cycle gas turbine.
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Pre-start inspection.

Gas turbine support systems.

Start-up cranking system.

Typical start-up curve.

The need for purging.

Factors affecting ignition and consequence of flame-out.

Turbine warm-up.

The significance of self-sustaining speed.

Pre-synchronizing operations.

Conditions required for synchronizing.

Gas turbine minimum load.

Generic procedure for a steam turbine generator start-up.

Pre-start inspection.

Steam turbine auxiliary systems.

Starting up the circulating water system and priming the condenser.
Pulling vacuum.

Function of the turbine stop valve internal bypass.

Partial arc steam admission to the turbine.

Full arc steam admission to the turbine.

Raising speed-start-up curve.

Hot and cold start-up requirements.

Condensate recirculation.

Turbine supervisory monitoring.

Expansion of turbine components with steam temperature and loading.
The need for matching temperatures before admitting steam to the turbine.
Turbine subsystem procedures.

Generic procedures for start-up of a single pressure natural circulation HRSG.
Control of heat input to the HRSG.

Effect of gas turbine output on exhaust gas temperature.

Function of the HRSG gas bypass.

Function of the steam dump to the condenser via the steam bypass valve.
HRSG water level control including the effects of shrink and swell.
Coordination of the operation of major components during a combined cycle start-up.

Availability:

2501-2510:
Video: English, Cantonese, Spanish, Mandarin
VCD: English, Mandarin
CD-ROM: English

7401-7409:
Video: English, Spanish Video: English
DVD: English, Spanish DVD: English
MPEG: English, Spanish MPEG: English
CD-ROM: English

7801-7806:
Video: English, Spanish Video: English, Mandarin
DVD: English, Spanish DVD: English
MPEG: English, Spanish MPEG: English, Mandarin
CD-ROM: English VCD: English Mandarin
CD-ROM: English

7901-7902:
Video: English
DVD: English, Spanish
MPEG: English
CD-ROM: English
WEB: English

One-time additional copy available: Student Workbook and Instructor Guide per Module.

Condition Monitoring Series



Overview: The series is aimed at all personnel who are involved in plant maintenance including operators,
maintenance technicians, craftsmen and management. Our objective is to present techniques used modern
plants to measure on an ongoing basis, the rate of deterioration of equipment, analysis and interpretation of
such info and the resultant implementation of predictive maintenance.

7701 Maintenance Management

Types of maintenance and objectives; outage requirements, cost and control; fundamentals of predictive
maintenance; documentation and trend analysis; scheduling and resource planning; causes and effects of
deterioration in power plant equipment; measurement of degradation.

7702 On-Line Condition Monitoring

Keeping records, regular reporting and analysis; plant performance testing, mea-suring input and output;
applications of thermography on running plant; winding temperature readings and core temperature; bearing
temperature readings and lube oil sampling; leakage measurement - liquid or gas; acoustic leak detection;
rotor position - axial and radial; turbine extraction steam temperatures and pressures.

7703 Vibration Monitoring

Measuring vibration, types of probe and location; units of measurement, significance of amplitude and
frequency; common causes of vibration; vibration signature and inter-pretation of readings; typical vibration
limits and balancing.

7704 Non-Destructive Examination Techniques

Crack detection, dye-penetrant and magnetic particle; scheduled inspections and overhaul; ultra-sonic
testing of boiler tubes; radiography plotting and interpretation of trends; assessing rate of deterioration and
eventual failure; significance of creep in headers and pipework; testing turbine components; eddy current
testing of heat exchangers.

7705 Electrical Testing

Types of insulation and effects of aging; causes of deterioration; effects of stray currents; eddy currents;
insulation testing and polarization index; dielectric loss and hi-pot test; doble testing on transformers and
cables; partial discharge testing on generator windings; interpretation of test results.

7706 Liquid Analysis

Lube oil characteristics and effects of aging; contaminants, sampling and analysis; interpretation of results;
transformer insulating oil characteristics; sampling, testing and interpretation; analysis of gas in oil and
significance.

7707 Applications of Condition Monitoring
steam turbines, gas turbines and generators
transformers, boilers and pipework
heat exchangers and large motors
large pumps, fans and compressors

Availability:
Video: English, Spanish, Mandarin, Arabic
DVD: English, Spanish, Arabic
VCD: Mandarin
CD-ROM: English

Distribution System Training Series

Overview: After a brief review of electrical fundamentals, this series moves on to cover various aspects of
distribution system technology. Topics include distribution networks and equipment, system protection,
control and automation, equipment testing and maintenance, and the distribution system operator’s role. It is
presented on the technician level and a knowledge of basic electrical theory is assumed.

Review of Electrical Fundamentals for Distribution Systems

This series will provide you with an overall understanding of Electrical Fundamentals including Ohms Law,
AC Circuits, Transformers and Three Phase Systems

20



8001 AC Voltage Generation
Induced AC voltage, rotating magnetic field, frequency, Resistive load, voltage & current sine waves, RMS
value; Active power & energy

8002 Power Factor
Effect of inductive reactance, current flow, phase angle; Effect of capacitive reactance; Power consumed by
inductance and capacitance; Reactive power (VARS), apparent power (VA); Power factor.

8003 Impedance and Voltage Drop

Resistance, inductance & capacitance series circuits; Voltage drop across individual elements; Phase angle,
impedance triangle, voltage triangle, power triangle; Voltage drop across line, effect of power factor on
voltage drop.

8004 Three Phase Power Systems
Three phase generation, common neutral; Balanced three phase load, three phase equipment;
Characteristics of wye and delta connections, current & voltage relationship;Three-phase power.

Cluster B: Distribution Networks

8005 System Layout

Elements of the distribution system single, double, and triple in-feeds; Primary feeder arrangements, radial
and open loop, voltage levels; Customer classification; Single phase and 3-phase secondary connections;
Alternate primary and secondary feeds; Temporary and permanent faults, re-closing arrangements; System
diagrams.

8006 Overhead Lines

Use of bare conductors and covered conductors; Characteristics of overhead construction; Conductor
support, towers, poles, insulators; Characteristics of copper and aluminum conductors; Ampacity tables,
factors affecting ampacity; Conductor tension and line sag; Primary feeder overhead connections; Line taps
to feed customers; Overhead secondary feed to customers; Pole mounted equipment, i.e. distribution
transformers, disconnects, etc.

8007 Underground Distribution Systems

Construction of underground cables; Characteristics of solid dielectric and PILC cables; Function of
conductor and insulation shields; Cable splices and terminations; Direct buried primary and secondary
cables; Pad mounted transformers and switchgear; Features of elbow disconnects; Protection of URD
systems, fault indicators; Underground distribution in city areas Ducts, manholes, and vaults, and primary
risers; The spot network arrangement; The secondary grid network, network protectors.

8008 Substations

Substation bus arrangements; Switching devices, characteristics; Location of protection relays; Substation
equipment; Substation service supply AC & DC; Instrument transformers, CTs & PTs Handling monitored
data; Substation grounding mat and grounding connections; Voltage control equipment.

8009 Distributed Generation

The role of distributed generation; The cost factor; Types & characteristics of small generators; Hydro,
steam, gas turbine, combined cycle; Reciprocating engines, co-generation; Effect of distribution system
equipment Coordination with bulk power supply; Operation and protection.

Cluster C: Distribution System Equipment

8010 Substation Transformers

Construction; Cooling arrangements; Winding connections, primary, secondary, tertiary; BIL Basic Insulation
Level; Overload Short circuit capability; winding temperature; internal fault detection; Parallel operation of
transformers; Transformer losses.

8011 Distribution Transformers

Distribution transformer sizing; Types of construction and mounting; 3-phase winding connections, delta,
wye; Polarity test; Transformer taps; Parallel operation limitations; Internal fault protection; CSP Self
protected transformer; Grounding connections.

8012 Fault Interrupting Devices
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Interrupting the current flow; Quenching the arc; Typical circuit breaker capacities; Circuit breaker
construction; OCB, ACB, SF6, vacuum; Metal enclosed, and metal glad switchgear; Oil operated reclosers,
vacuum reclosers. Characteristics of fuses.

8013 Non-Fault Interruptin Devices

Interrupting the current flow; Quenching the arc; Typical circuit breaker capacities; Circuit breaker
construction; OCB, ACB, SF6, vacuum; Metal enclosed, and metal glad switchgear; Oil operated reclosers,
vacuum reclosers. Characteristics of fuses.

8014 Voltage Control Devices

Voltagedrop along the line; Effect of power factor on voltage drop; Voltage standards; Transformer on-load
tap changers construction; Step voltage regulators series connected; SVR control systems; Application of
shunt capacitors along the line; Switching of shunt capacitors.

Cluster D: Distribution System Protection

8015 Fundamentals of Protection

Need for protection, hazardous conditions; Types of fault; Circuit breaker control circuits; Protection relay
fundamentals, inputs & outputs; Instantaneous operation, pick-up current intentional time delay; Solid state
relays; Digital protection devices.

8016 Over-current Protection

Fuses, inverse time characteristic; Instantaneous over-current relays; Inverse time over-current relays;
Application to line protection; Function of directional relays; Relay settings; Examples of electromagnetic,
solid state, and digital relays.

8017 Differential Protection
Principle of differential relays; Application to transformer protection; Application to generator protection;
Application to bus protection; Connection of restraint coils; Pilot wire differential protection.

8018 Coordination of Protection Devices
Primary protection and back-up; Need for coordination of settings; Relay/fuse coordination; Relay/recloser
coordination; Fuse/recloser coordination.

8019 Overvoltage Protection
Lighting surges; Overvoltage protection relays; Surge arresters, ratings and classes; Insulation co-
ordination; Capacitance switching; Ferro resonance.

Cluster E: Distribution System Control and Automation

8020 Communication Techniques

Modes of communication, priorities; Communication techniques; Hard wired systems; Radio and microwave
systems; Power line carrier; Carrier waves, AM & FM signals; Multiplexing; Analog & digital signals; Fibre
optic systems.

8021 SCADA Systems

Function of SCADA systems; Remote data collection, transmission, processing and display; RTU (Remote
Terminal Units), inputs, outputs; Analog sensing points, transducers, A to D conversion; Polling RTU and
reporting; Control commands, select check-operate; Rate of signal transmission; Master processor and
peripherals; Operators display and interface; Logging and reporting; On-line diagnostics.

8022 Distribution Automation

Auto-control equipment; Auto-control programs; Line loading optimization; Auto switching; Event recording
and reporting; Condition monitoring reporting; The automatic substation; Recent developments in auto
control.

8023 Programmable Logic Controllers

Process logic, logic programs; Industrial PLCs, rack mounted; Types of memory, RAM, ROM, EPROM; CPU
operation, canning time; Input and output signals and interfaces; External programming modules;
Programming functions.

Cluster F: Distribution Equipment Testing and Maintenance
8024 Personnel Safety
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Personnel hazards; Mechanism of electric shocks; Clearance procedures; Grounding; Safe practice &
procedures; Principles of Hot-line maintenance; Regulatory requirements; Handling hazardous materials;
Housekeeping, fire prevention; Responsibility for safety.

8025 Insulation Testing
Characteristics of insulation, causes of deterioration; Measuring insulation resistance with Megger; P.I.
(Polarization Index) significance; Condition of winding on test results; Hipot testing.

8026 Rotating Equipment Maintenance
Doble testing; Electric loss; Insulation power factor; Partial discharge on-line measurement; Partial
Discharge Analysis (PDA); Interpretation of test results.

8027 Transformer Maintenance

Monitoring winding temperatures; Monitoring cooling system; Monitoring insulation oil physical condition;
Monitoring insulating oil dissolved gas content; Significance of test results; Examples of DGA; Measuring
winding insulation condition; Transformer testing; turns ratio, winding resistance; Maintenance of transformer
auxiliaries and attachments.

8028 Switchgear Maintenance
Operational data; Functional testing; Internal inspection, cleaning; Electrical test; contact resistance,
insulation; Mechanical tests; timing, gas/air leakage; Maintenance of reclosers, pole mounted switches.

8029 Line Maintenance

Walking the line; Line inspection; poles, guys, pole-top assembly; Conductor inspection; clearances, slack,
sag, connections; Equipment inspection; oil leaks, contacts, fuses; Capacitor maintenance; Riser pole
maintenance; Distribution transformer maintenance; Grounding connections.

8030 Maintenance Management

Schedule for planned maintenance & inspection; Maintenance and inspection procedures; Recording and
reporting results; Trending inspection data, predictive maintenance;Maintenance control program; Spare
parts inventory; Issue of work orders; Access to drawings, manuals, and parts lists; Corrective maintenance.

Cluster G: Distribution Systems- Customer Service

8031 Load Characteristics and Utilization
Types of industrial load; Variable speed drives; Electric arc furnaces; Rolling mills; Traction loads (i.e.
railways) Welding; Induction heating; Load factor and power factor; Diversity factor.

8032 Demand Management

System load profile; Economic significance of load factor; Economic significance of power factor;
Significance of peak demand; Improving load factor and power factor; Load management incentives; Load
management techniques; Interruptible power contracts; Load shedding; Time of day rates.

8033 Metering

Distinction between energy, demand and reactive; Measuring energy (kWh), demand (kW) and reactive
(kVAR); Meter connections, 1-phase, and 3-phase; Statutory requirements governing metering;
Electromechanical meters; Digital metering techniques; Remote metering and reporting; Time of day
metering; Handling billing complaints metering disputes; Potential future developments.

8034 Utility Rate Structure

The utility's monopoly; Recovery of operating costs; Rate of return on investment; Rate design for different
customer classification; Two-part tariff, capacity and energy; Block rates, differential rates; Time of day
rates; Marginal pricing; Interruptible rates.

8035 The Effects of Deregulation and Competition

Competition between generators; Open access transmission, transmission charges; The distribution
company as wholesale purchaser; Marginal pricing for wholesale power; Consumer choice of supplier;
Supply entities (including distribution companies); Bilateral power contracts hedging; Distribution system
delivery charges.

8036 Power Quality
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Power quality issues; Voltage sag and swell, flicker; Harmonics; Causes and effect of low quality power;

Solutions to power quality problems; Filtering techniques, isolation, grounding; Role of customer and utility.

Cluster H: The Operators Role in Distribution Systems

8037 Function of the Operator

Coordination with other operators and personnel; Economic operation; Record keeping & documentation;
Safety of personnel, equipment and general public; Communication with customers, press, and civic
authorities; Coordinating bulk power supply to meet load forecast.

8038 Abnormal Operating Conditions
Deficiencies in bulk power supply; Overload conditions; Voltage reduction; Load shedding; Load
management; Equipment outages; Alternate feed arrangements; Cold load pick-up after outage.

8039 Service Interruptions

Planned outages and forced outages keeping customer informed; Responding to customer at complaints;
Fault location; Dispatch of line repair crews; Implementing clearance procedures; Records and
documentation.

Availability:
CD-ROM: English
WEB: English
Video: English, Spanish, Mandarin
MPEG: English, Spanish, Mandarin
VCD: English, Mandarin
DVD: English, Spanish
One-time additional copy available: Student Workbook and Instructor Guide per Module

Electric Utility Management Series

Overview: A dynamic training program encompassing all aspects of utility management activities and
objectives including operation, financial control, regulatory compliance and structure to cope with recent
industry trends.

7601 The Electricity Business

Function and obligations of the public utility company; public or private ownership; power generation, co-generation,
power purchase; transmission systems, interconnections; power pools; dispatching generation; transmission network
constraints; distribution systems; power system planning; power quality, availability and reliability.

7602 Management Organization
Types of companies; the task of management; company organization and divisions; setting company

objectives; long term and short term planning; statutory regulations - technical, financial and environmental;

human resources development; labor relations.

7603 Customer Services

Classification of customers; customer information and communication; customer relations, p.r.; focus on the

customer; energy conservation; load management (peak shaving); dsm (demand side management)
techniques; considerations of competition; customer billing and collection; dealing with bad debts;
responding to customer complaints; utility diversification.

7604 Electric Utility Accounting
Need for accounting; the balance sheet and income statement; treatment of operating expenses; asset
value of plant and property; depreciation; code of accounts; budgeting.

7605 Electric Utility Rates and Rate Setting

The utility's monopoly; regulation of rates to protect customers; the regulatory board; rate of return on
investment (assets); the two part tariff, capacity and energy; block rates, differential rates; marginal cost
pricing; allocation of costs between customer classifications; interruptible rates, stand-by rates; rate
hearings.

7606 Electric Utility Financing
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The capital intensive business; bonds, stocks, capital structure; security regulations; sale/lease back
arrangements; balance sheet relationships; financial ratios; capital investments in new plant criteria;
investment appraisal; discounted cash flow; rate of return on investment.

7607 De-Regulation and Competition

Generation competition; operation of the pool system; spot market price; transmission charges; ferc rules
and other legislation; open-access rules; power wheeling; nugs & ipps; wholesale & retail power purchase;
direct bi-lateral power contracts; stranded assets; unbundling of services; open information-access; nerc
reliability concerns, power brokering. \

7608 De-Regulation in Practice

Consumer's choice of supplier; limits imposed by system operation needs; operation of pool system in
Britain, bidding and schedule process; compensation for transmission constraints; payment for availability
and spinning reserve; payment for system support service, voltage, energy imbalance, transmission system
and distribution system charges; the function of retailers; examples of North American practice; bilateral
agreements and iso's (independent system operators).

Availability:
Video: English, Mandarin, Arabic
DVD: English, Arabic
MPEG: English
VCD: Mandarin
CD-ROM: English

One-time additional copy available: Student Workbook and Instructor Guide per Module.

Electrical Troubleshooting Skills Series

Overview: A dynamic training program encompassing all aspects of utility management activities and
objectives including operation, financial control, regulatory compliance and structure to cope with recent
industry trends.

7301 Basic Techniques

This program describes a proven systematic troubleshooting approach called the "Five Step Troubleshooting Approach”.

The technique is explained using animated graphics and text and includes a section on how the circuit works. You will
learn about troubleshoot on a lighting circuit containing relays, lights, and pushbuttons. It provides an expert guides you
through a sample fault and includes 16 faults to solve. The user is measured on time and dollars used to solve the fault.
Then the program records all steps used to solve the faults for later analysis of the troubleshooting approach.

7302 Basic Control Circuits

This award-winning program builds on the Basic Techniques program.

Troubleshoot a complex a door lock control circuit

Circuit consists of numerous relays, switches, lights, and solenoid.

An expert guides you through three sample faults

Use elementary wiring and connection wiring diagrams to troubleshoot 28 faults of varying difficulty.
Includes a section to describe how the circuit works and how to use the troubleshooting tools.

The user is measured on time and dollars used to solve the fault and results are recorded

The program records all steps used to solve the faults for later analysis of the troubleshooting approach

7303 Motor Control Circuits

This award-winning program builds on the Basic Techniques program.

Troubleshoot a motor control circuit consisting of a reversing motor controlled garage door.

This circuit contains such components as limit switches, three phase reversing motor starter, push buttons, step down
transformer, and safety switch.

An expert guides you through three sample faults

Use elementary wiring and connection wiring diagrams to troubleshoot 24 faults of varying difficulty.

Includes a section to describe how the circuit works and how to use the troubleshooting tools.

The user is measured on time and dollars used to solve the fault and results are recorded

The program records all steps used to solve the faults for later analysis of the troubleshooting approach

Availability:
CD-ROM: English
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Environmental Protection Control for
Thermal Power Generating Plans (Power
Plant Emission Management) Series

Overview: Designed to aid in upgrading knowledge and understanding of environmental concerns as they
relate to thermal power generating plants. It covers most of the common equipment and processes in use
today to ensure that the power generation plant is in compliance with environmental legislation.

2401 Power Plant Emissions

Overview of the environmental problem; gaseous, liquid, and solid waste from power plants; identification of
pollutants and their effects on the environment; sources of pollutants; effect of different fuels; environmental
regulations and enforcement; emission limits imposed.

2402 Flue Gas Desulfurization Systems — FGD

So removal; wet and dry systems; absorption towers; preparing reagents; chemical process; slurry
treatment; solid waste; oxidation; gypsum recovery; hardware; controls; dry sorbent injection; spray dryers;
continuous monitoring equipment.

2403 NOX Reduction Systems

No formation; conditions required for low no ; low no burners; multi-stage combustion; overfire air; gas
recirculation; reagent injection; sncr and scr processes; hardware; controls; continuous monitoring; no
control for combustion turbines.

2404 Treatment of Liquid Effluents

Treatment objectives; treatment equipment, removal of organic chemicals and heavy metals, oxidation,
neutralization, coagulation, flotation, sedimentation filtration, aeration, activated sludge, sludge digestion,
sludge dewatering, thickener, dryer, centrifuge; process controls; continuous monitoring; zero effluent
discharge system.

2405 Particulate Removal and Solid Waste

Continuous monitoring of particulates and toxics; nature of toxics; toxic emission limits; particulate removal
by scrubber, mechanical cyclone, electrostatic precipitator, baghouse filter; hardware, controls, effect of
particulate resistivity; constituents of solid waste, waste disposal, landfill restrictions, continuous monitoring.

2406 Handling Hazardous Materials

Continuous monitoring of particulates and toxics; nature of toxics; toxic emission limits; particulate removal
by scrubber, mechanical cyclone, electrostatic precipitator, baghouse filter; hardware, controls, effect of
particulate resistivity; constituents of solid waste, waste disposal, landfill restrictions, continuous monitoring.

2407 Burning Waste

Availability:
Video: English, Mandarin, Spanish
DVD: English, Mandarin, Spanish
MPEG: English, Mandarin, Spanish
VCD: English, Mandarin

One-time additional copy available: Reference Guide Available per Module.

Gas Turbine Power Generation Series

2501 Major Components Design & Construction

Gas turbine cycles; single shaft and two shaft arrangements; exhaust heat recovery, combined cycle;
compressors, axial flow, centrifugal; compressor stall; combustor arrangements; turbine construction, blade
cooling; factors affecting turbine efficiency; exhaust frame assembly; gas turbine starting arrangements.

2502 Gas Turbine Support Systems
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Oil systems, lubricating and hydraulic; combustion system; fuel system, oil, gas; air systems, cooling,
sealing, atomizing, purge; primary air inlet system; denox systems, environmental limits; cooling systems.

2503 Operation of Gas Turbines

Operating manoeuvers; start-up prerequisites; start-up procedure, start-up curve; purge control, ignition;
load changes, governor control; exhaust temperature control; shut-down procedure, turning gear; operating
hazards, mechanical, thermal, combustion.

2504 Control and Protection Systems
Monitoring conditions; indications and logging information; alarms - annunciators; permissive conditions and
relays; protection devices; control equipment; computer controlled systems.

2505 Aero-Derivative Gas Turbines

Suitability for peaking and black start; the aero jet engine; gas generator; free turbine; multi-shaft
arrangements; shaft speeds N1, N2, N3; auxiliary systems; compressed air starting; start-up and operating
procedures; indications and controls.

2506 Routine Maintenance

On-line running maintenance; predictive maintenance, plotting trends; performance testing, fuel
consumption, heat rate; vibration analysis, unbalance; preventive maintenance, planned outages, scheduled
taks, inspection, replacement, repair; frequency of inspection; procedure for combustion inspection,
borescope.

2507 Major Maintenance

Good work practices, standard procedures, preparation for task; hot gas path inspection, procedure for
disassembly, marking components, measuring clearances, inspection of components, replacement,
reassembly; dye penetrant test; major overhaul, checking the compressor, turbine & compressor, rotor
removal, inspection of thrust & journal bearings, blade inspection & clearances, setting packing seals, spare
parts requirements.

2508 Combined Cycle Operations

Heat contained in exhaust gas, heat recovery; control of exhaust gas temperature, gt load, inlet guide vanes,
auxiliary burners; typical combined cycle configurations, steam turbines for combined cycle, hrsg steam
bypass to condenser; start-up & control of combined cycle unit.

2509 Heat Recovery Steam Generator

Heat transfer, natural circulation, forced circulation; typical hrsg construction, economizer, evaporator,
superheater; steam fundamentals, saturation, wet steam, superheat, re-heat, steam temperature control;
multi-pressure hrsg's, dampers, gas by-pass, monitoring gas temperatures; condensate & feedwater system
& controls; make-up, boiler water chemical control, chemical additives.

2510 Generator and Electrical Systems
Generator construction; hydrogen cooling, air cooling; excitation systems, control of Mvars; synchronizing,
parallel operation; auxiliary power supplies; generator protection.

2511 Gas Turbine Power Generation Review Test - ne ed info

Availability:
Video: English, Cantonese, Mandarin, Spanish
DVD: English
MPEG: English, Spanish
VCD: English, Mandarin
CD-ROM: English
WEB: English

Diesel Power Plant Operations Series

Overview: This program is designed to aid in upgrading knowledge and understanding of diesel power
generation. It covers the practical aspects of operation and maintenance of installations including local,
remote control and monitoring. The program is presented at the technician level.
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4601 Diesel Engines for Power Generation

Typical applications; fuels; operating fundamentals; two-stroke and four-stroke cycles; high speed, low
speed engines; engine construction and layout; components; valve arrangements; typical operating
efficiencies.

4602 Diesel Engine Support Systems
Fuel storage and preparation; fuel injection system; starting system; lube oil system; governor system;
primary and secondary cooling systems; exhaust system; heat recovery systems; turbo chargers.

4603 Power Generation
Principles of AC generation speed and frequency; generator construction; cooling, excitation systems;
switchgear, synchronizing and load control; voltage control; MV and MVARS, governor characteristics.

4604 Diesel Plant Operation

Stopping and starting procedures; monitoring engine operation; operating guidelines; control systems;
protection devices; station service AC power supply; DC power supply; station battery; plant local and
remote control.

4605 Diesel Plant Maintenance
Regular inspection; running maintenance; fault identification and examples; condition monitoring; planned
and predictive maintenance; outage inspection and overhaul; maintaining records; storage of spare parts.

4606 Standby Diesel Generator Maintenance

Aimed at unskilled machine attendants; safety procedures; tools and supplies required for generator
maintenance, weekly and monthly inspection, and testing; six month and yearly maintenance; log book
records.

Availability:
Video: English, Spanish
CD-ROM: English
MPEG: English, Spanish
DVD: English, Spanish

One-time additional copy available: Student Workbook and Instructor Guide per Module

Electrical Fundamentals Series

Overview: This series will provide you with an overall understanding of Electrical Fundamentals including
Ohm'’s Law, AC circuits, Transformers and Three Phase Systems.

7101 Basic Electricity

The objective of this first course in the series is to provide an introduction to the theory of electron flow, and
thence to current flow in an electric circuit. Various circuit configurations and calculations are presented
utilizing Ohms law. A brief overview of magnetism and magnetic fields is also discussed particularly in its
relation to electricity and magnetic induction.

7102 Properties of AC Circuits
The objective of this course is to present the fundamental characteristics of AC Circuits, including AC
voltage generation, the effect of inductance and capacitance and the significance of power factor.

7103 Power and Power Factor

The objective of this course is to continue the analysis of AC circuits through application of the impedance
triangle, the voltage triangle and the power triangle. Additionally, an introduction to the function and features
of transformers is presented.

7104 Three Phase System

The main objective of this course is to examine the characteristics of three-phase systems and to look at the
meaning of &€ synchronism&€™ and the requirements for paralleling generators. detection & reporting.

Availability:
Video: English
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DVD: English
MPEG: English
CD-ROM: English
WEB: English

Electrical Relay Test and Maintenance Series

Module 1

Series A: Over current

5901 General Electric Type IAC
5902 Westinghouse Type CO

Series B: Voltage
5905 General Electric Type IAV
5906 Westinghouse Type CV

Series C: Differential
5909 General Electric Type BDD
5910 Westinghouse Type HU

Series D: Impedance
5913 General Electric Type CEY
5914 Westinghouse Type KD

Series E: Negative Sequence
5917 General Electric Type INC
5918 Westinghouse Type COQ

Module Il

Series A: Directional Ground Over current
0601 General Electric Type JBCG
0602 Westinghouse Type IRD

Series B: Phase/Ground Distance
0603 General Electric Type GCX
0604 General Electric Type GCXG

Availability:
Video: English
MPEG: English
DVD: English

One-time additional copy available: Reference Guide Available per Module

Heat Rate Optimization Series

Overview: Designed to aid in upgrading knowledge and understanding of the integrated fossil fuel power
plant and improve the operator’s ability to optimize thermal efficiency and equipment reliability, thereby
improving the plant's economic performance.

7801 Fundamentals of Power Plant Efficiency |

Review of boiler, turbine cycle, and plant efficiency; heat rate; the effect on efficiency of: steam pressure and
temperature, exit gas temperature, turbine exhaust pressure, fuel composition, fuel air mixing, heat loss in
h,0 to atmosphere.

7802 Fundamentals of Power Plant Efficiency Il

Mechanical losses; review of: Mollier diagrams, temperature entropy diagrams, heat temperature curves for
water (steam); wetness; ideal vs real expansion; effect on cycle efficiency of feedwater heating: steam
pressure, steam temperature, turbine exhaust pressure, adding a reheat cycle; feedwater heating.

7803 Factors Affecting Boiler Efficiency

The boiler "system"; fuel quality and prepa-ration; ash fusion temperature; fireside deposits; heat transfer;
exit gas temperature; dew point; excess air; CO; unburnt carbon; attemperation; air heaters; leakage; flue
gas analysis; silica carryover; blowdown.
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7804 Operator Controllable Losses: Boiler
Operator awareness, diagnosis and corrective action; control of steam pressure and temper-ature; exit gas
temperature; combustion; furnace conditions; draft pressures; excess air; slagging; deposits; sootblowing.

7805 Factors Affecting Turbine Efficiency

Steam conditions throughout cycle; changes in steam pressure and temperature; exhaust steam wetness;
condenser backpressure; extraction steam; feedwater heaters; silica deposits; blade erosion; steam
leakage; sliding pressure control.

7806 Operator Controllable Losses: Turbine Cycle

Condenser performance; terminal temperature difference; cooling water temperature rise; tube deposits and
blockage; insufficient C.W. flow; condenser venting and cleaning; air in-leakage, ejectors; vacuum pumps,
gland seal system; expansion joints; control of steam admission; partial/full arc.

7807 Balance of Plant Operation

Feedwater heaters; terminal temperature difference; heater drains; drain cooler; approach temperature;
desuper heating section; deseration; pump performance; operating characteristics; cavitation; efficiency;
effect of load changes on plant efficiency.

7808 Power Plant Controls
Generation control; modes of plant control: boiler follow, turbine follow; coordinated; types of control system:
pneumatic, electronic, digital; impact of control on efficiency; control of start-up and shut-down.

Need Infor

7809 Case Studies |

7810 Case Studies |l

7811 Heat Rate Optimization Assessment Tool Practic e

Availability:
Video: English, Spanish
DVD: Spanish
MPEG:English, Spanish
CD-ROM:English
WEB: English

METRIC:
Video: English, Mandarin
DVD: English
MPEG English, Mandarin
VCD: English, Mandarin
DVD: English

One-time additional copy available: Student Workbook

Hydro-electric Power Plant Operations Series

Overview: This series is designed to aid in upgrading knowledge and understanding of hydro-electric power
generation. It covers the practical aspects of operation and maintenance of all types of installations including
pumped storage, remote control and monitoring through SCADA. The program is presented at the
technician level.

2701 The Hydro-Electric Role in the Power System

Generation, transmission and distribution, interconnected power system, power system security, the load dispatcher's job,
frequency control, economic generation dispatch, agc - automatic generation control, characteristics of generation (fossil,
nuclear and hydro), system voltage control, production of reactive power, pumped storage projects.

2702 Hydro Power Stations

Hydraulic principles, available head, available flow, conversion to power, power station layout, principal components,
pump storage plants.

30



2703 Water Management
Catchment area, average inflow, seasonal inflow, long-term records, predictions, seasonal control curve,
monitoring and control of headworks, dams, gates, spillways, canals, forebay, tailrace.

2704 Hydro Turbines

Effect of head on turbine design, types of turbine (Pelton, Francis, Kaplan), characteristics of different
turbines, function of major components, bearings and lubrication systems, draft tube setting and tail race,
penstocks, shut-off valves, gates, surge protection, turbine runner cavitation, anti-cavitation arrangements.

2705 Turbine Monitoring and Control
Operating parameters, sensors, indicators, recorders, alarms, hydraulic governors, governor regulation,
speed and power output controls, gate limiter, overspeed protection, other protective devices.

2706 The Hydro- Generator

Generation principles, bearings and lubrication system, air brake system, stator cooling, number of poles,
speed, frequency, rotor field, stator winding, stator leads, neutral grounding, isolated phase bus, excitation
systems, synchronizing.

2707 Generator Monitoring and Control
Operating parameters, sensors, indicators, recorders, alarms, excitation control, power factor, active and
reactive power, generator protective devices, generator electrical protection relays, digital controls, scada.

2708 Hydro Plant Auxiliaries
Service water systems, fire protection systems, compressed air systems, dewatering arrangements, drains
and sumps, oil systems; common elements of auxiliary equipment.

2709 Operating Electrical Equipment

Switchyard layout and equipment, features of transformers circuit breakers and disconnects, station service
supply, black start capability, auxiliary power distribution, dc power supply and application, critical ac supply,
uninterruptible power supplies, operational safety requirements, clearance procedures.

2710 Hydro Plant Operation and Maintenance

Typical operating procedures, watering and dewatering, start-up, shut down, on load, potential hazards,
environmental considerations, running maintenance, outage maintenance, turbine inspection and repair,
generator inspection and repair, condition monitoring, maintenance scheduling, auxiliary plant maintenance.

Need Info 2711 Hydro Electric Power Plant Operation Review Test

Availability:

SAE
Video: English, Spanish, Mandarin
DVD: English, Spanish
MPEG: English, Spanish
DVD: English, Mandarin
CD-ROM: English
WEB: English

One-time additional copy available: Student Workbooks & Instructor’'s Guides per Module

Steam Power and Co-generation Series

Overview: This series will train personnel on the operation and maintenance of steam turbines and
associated equipment including co-generation applications.

7401 Co-generation and other Turbine Cycles

Co-generation cycles; back pressure turbines; condensing turbine closed cycle; condenser vacuum;
extraction steam; energy balance; cycle efficiency; major losses; support systems; properties of steam and
water.
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7402 Steam Production
Heat transfer; fire tube boilers; heat recovery boilers; water tube boilers; superheater; reheater;
attemperator; air heater; fans; feedwater.

7403 Fuels and Combustion
Constituents and characteristics of fuels, coal, oil, gas, wood; combustion fundamentals; excess air; flue gas
analysis; efficiency; combustion equipment; grates; burners; primary and secondary air.

7404 Boiler Operation
Start-up & shut-down procedures, monitoring operation, efficient combustion, significance of O, & co; in flue
gas, ash related problems, soot blowers, corrosion control, potential hazards, protection equipment.

7405 Boiler Control (Operation, Environmental, Chemical)
Auto-manual control systems, control of emissions, sox , nox , particulates, pollution control equipment,
effluent treatment, boiler water control, chemical injection, water treatment.

7406 Steam Turbine Construction
Cylinder layout; reheat system; stator and rotor construction; provision for expansion; thrust bearing;
bearings; lubrication system; gland seal system; vacuum equipment; condenser.

7407 Steam Turbine Operation & Control
Start-up and operation; control of steam admission; thermal stress and limitations; monitoring devices; metal
temperature; expansion; eccentricity vibration; protection devices; overspeed; low vacuum.

7408 Power Generation
Generator construction; cooling by air or hydrogen; excitation systems; synchronizing and parallel operation;
control of mw and mvar output.

7409 Plant Auxiliary Systems

Condensate and feedwater; condenser circulating water; cooling towers; steam systems; plant service
water; fuel systems; auxiliary equipment - pumps, compressors, valves, piping; heat exchangers; operating
parameters.

7410 Power Plant Maintenance
Running maintenance; predictive maintenance; condition monitoring; vibration analysis; planned
maintenance; scheduled tasks; inspection; replacement; repair; overhaul tasks; records.

7411 Combined Heat and Power Systems
Sources of waste heat in generation equipment; heat recovery; district heating; hot water distribution; steam
distribution; pressure and temperature control; cogen interface with utility.

Availability:

SAE
Video: English, Spanish, Mandarin
DVD: English, Spanish
MPEG: English, Spanish
VCD: English, Mandarin
CD-ROM: English

METRIC
Video: English
DVD: English
MPEG: English
WEB: English

One-time additional copy available: Student Workbook & Instructor's Guide per Module
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Transmission

Condition Monitoring Series

Overview: The series is aimed at all personnel who are involved in plant maintenance including operators,
maintenance technicians, craftsmen and management. The objective is to present techniques used by
modern plants to measure, on an ongoing basis, the rate of deterioration of equipment, analysis and
interpretation of such info, and the resultant implementation of predictive maintenance.

7701 Maintenance Management

Types of maintenance and objectives; outage requirements, cost and control; fundamentals of predictive
maintenance; documentation and trend analysis; scheduling and resource planning; causes and effects of
deterioration in power plant equipment; measurement of degradation.

7702 Online Condition Monitoring

Keeping records, regular reporting and analysis; plant performance testing, mea-suring input and output;
applications of thermography on running plant; winding temperature readings and core temperature; bearing
temperature readings and lube oil sampling; leakage measurement - liquid or gas; acoustic leak detection;
rotor position - axial and radial; turbine extraction steam temperatures and pressures.

7703 Vibration Monitoring

Measuring vibration, types of probe and location; units of measurement, significance of amplitude and
frequency; common causes of vibration; vibration signature and inter-pretation of readings; typical vibration
limits and balancing.

7704 Non-Destructive Examination Techniques

Crack detection, dye-penetrant and magnetic particle; scheduled inspections and overhaul; ultra-sonic
testing of boiler tubes; radiography plotting and interpretation of trends; assessing rate of deterioration and
eventual failure; significance of creep in headers and pipework; testing turbine components; eddy current
testing of heat exchangers.

7705 Electrical Testing

Types of insulation and effects of aging; causes of deterioration; effects of stray currents; eddy currents;
insulation testing and polarization index; dielectric loss and hi-pot test; doble testing on transformers and
cables; partial discharge testing on generator windings; interpretation of test results.

7706 Liquid Analysis

Lube oil characteristics and effects of aging; contaminants, sampling and analysis; interpretation of results;
transformer insulating oil characteristics; sampling, testing and interpretation; analysis of gas in oil and
significance. (55 minutes)

7707 Applications of Condition Monitoring
steam turbines, gas turbines and generators
transformers, boilers and pipework
heat exchangers and large motors
large pumps, fans and compressors

Availability:
Video: English, Spanish, Mandarin, Arabic
DVD: English, Spanish, Arabic
MPEG: English, Spanish
VCD: Mandarin
CD-ROM: English

One-time additional copy available: Student Workbook and Instructor’'s Guide per Module.

Electrical Fundamentals Series
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Overview: This series will provide you with an overall understanding of Electrical
Fundamentals including Ohm’s Law, AC circuits, Transformers and Three Phase Systems.

7101 Basic Electricity

The objective of this first course in the series is to provide an introduction to the theory of electron flow, and
thence to current flow in an electric circuit. Various circuit configurations and calculations are presented
utilizing Ohms law. A brief overview of magnetism and magnetic fields is also discussed particularly in its
relation to electricity and magnetic induction.

7102 Properties of AC Circuits
The objective of this course is to present the fundamental characteristics of AC Circuits, including AC
voltage generation, the effect of inductance and capacitance and the significance of power factor.

7103 Power and Power Factor

The objective of this course is to continue the analysis of AC circuits through application of the impedance
triangle, the voltage triangle and the power triangle. Additionally, an introduction to the function and features
of transformers is presented.

7104 Three Phase System
The main objective of this course is to examine the characteristics of three-phase systems and to look at the
meaning of &€ synchronisma€™ and the requirements for paralleling generators detection & reporting.

Availability:
Video: English
DVD: English
MPEG: English
CD-ROM: English
WEB: English

Electrical Utility Management Series

A dynamic Training Program encompassing all aspects of utility management activities and objectives
including operation, financial control, regulatory compliance, and structure to cope with recent industry
trends.

7601 The Electricity Business

Function and obligations of the public utility company; public or private ownership; power generation, co-
generation, power purchase; transmission systems, interconnections; power pools; dispatching generation;
transmission network constraints; distribution systems; power system planning; power quality, availability
and reliability.

7602 Management Organization

Types of companies; the task of management; company organization and divisions; setting company
objectives; long term and short term planning; statutory regulations - technical, financial and environmental;
human resources development; labor relations.

7603 Customer Services

Classification of customers; customer information and communication; customer relations, p.r.; focus on the
customer; energy conservation; load management (peak shaving); dsm (demand side management)
techniques; considerations of competition; customer billing and collection; dealing with bad debits;
responding to customer complaints; utility diversification.

7604 Electric Utility Accounting
Need for accounting; the balance sheet and income statement; treatment of operating expenses; asset
value of plant and property; depreciation; code of accounts; budgeting.

7605 Electric Utility Rates and Rate Setting
The utility's monopoly; regulation of rates to protect customers; the regulatory board; rate of return on
investment (assets); the two part tariff, capacity and energy; block rates, differential rates; marginal cost
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pricing; allocation of costs between customer classifications; interruptible rates, stand-by rates; rate
hearings.

7606 Electric Utility Financing

The capital intensive business; bonds, stocks, capital structure; security regulations; sale/lease back
arrangements; balance sheet relationships; financial ratios; capital investments in new plant criteria;
investment appraisal; discounted cash flow; rate of return on investment.

7607 De-Regulation and Competition

Generation competition; operation of the pool system; spot market price; transmission charges; ferc rules
and other legislation; open-access rules; power wheeling; nugs & ipps; wholesale & retail power purchase;
direct bi-lateral power contracts; stranded assets; unbundling of services; open information-access; nerc
reliability concerns, power brokering.

7608 De-Regulation in Practice

Consumer's choice of supplier; limits imposed by system operation needs; operation of pool system in
Britain, bidding and schedule process; compensation for transmission constraints; payment for availability
and spinning reserve; payment for system support service, voltage, energy imbalance, transmission system
and distribution system charges; the function of retailers; examples of North American practice; bilateral
agreements and iso's (independent system operators).

Availability:
Video: English, Mandarin, Arabic
DVD: English, Arabic
MPEG: English
VCD: Mandarin
CD-ROM: English

One-time additional copy available: Student Workbook and Instructor’s Guide per Module.

Electrical Relay Test and Maintenance Series

Overview. Each module deals with specific relays produced by individual manufacturers. Each lesson is
divided into two parts. A. The fundamental operating principles, typical applications and connections for the
specific type of relay. B. lllustrates typical test, including: zero check, minimum pickup, timing tests,
insulation tests, and seal-in circuit tests. Preventative maintenance procedures are also reviewed.

Module 1:

Series A: Over current

5901 General Electric Type IAC
5902 Westinghouse Type CO
Series B: Voltage

5905 General Electric Type IAV
5906 Westinghouse Type CV

Series C: Differential
5909 General Electric Type BDD
5910 Westinghouse Type HU

Series D: Impedance
5913 General Electric Type CEY
5914 Westinghouse Type KD

Series E: Negative Sequence
5917 General Electric Type INC
5918 Westinghouse Type COQ

Module 2:

Series A: Directional Ground Over current
0601 General Electric Type JBCG

0602 Westinghouse Type IRD

Series B: Phase/Ground Distance
0603 General Electric Type GCX
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0604 General Electric Type GCXG

Availability:
Video: English
DVD: English
MPEG: English

One-time additional copy available: Reference Guide Available per Module.

Electrical Troubleshooting Skill Series

Overview: This series of award winning interactive CD-ROM training programs are ideal for learning proven
troubleshooting techniques and applying them in a very realistic simulated environment.

7301 Techniques

The technique is explained using animated graphics and text. Includes a section on how the circuit works.
Troubleshoot on a lighting circuit containing relays, lights, and pushbuttons. An expert guides you through a
sample fault 16 faults to solve. The user is measured on time and dollars used to solve the fault . The
program records all steps used to solve the faults for later analysis of the troubleshooting approach.

7302 Control Circuits

Troubleshoot a complex a door lock control circuit

Circuit consists of numerous relays, switches, lights, and solenoid.

An expert guides you through three sample faults

Use elementary wiring and connection wiring diagrams to troubleshoot 28 faults of varying difficulty.
Includes a section to describe how the circuit works and how to use the troubleshooting tools.

The user is measured on time and dollars used to solve the fault and results are recorded

The program records all steps used to solve the faults for later analysis of the troubleshooting approach

7303 Motor Control Circuits

Troubleshoot a motor control circuit consisting of a reversing motor controlled garage door. This circuit
contains such components as limit switches, three phase reversing motor starter, push buttons, step down
transformer, and safety switch. An expert guides you through three sample faults. Use elementary wiring
and connection wiring diagrams to troubleshoot 24 faults of varying difficulty. Includes a section to describe
how the circuit works and how to use the troubleshooting tools. The user is measured on time and dollars
used to solve the fault and results are recorded. The program records all steps used to solve the faults for
later analysis of the troubleshooting approach.

Availability:
CD-ROM: English

Meter Technician Training Series

Overview: This program will train personnel to maintain, calibrate, install and troubleshoot various power
measuring devices.

0701 Review of Electrical Fundamentals (1)

Ohm's law; power and energy; ac voltage generation; ac power in resistive circuits; voltage, current, and
power waveforms; peak vs. rms values; effects of inductance and capacitance; power factor; active,
reactive, and apparent power; construction of power triangle.

0702 Review of Electrical Fundamentals (2)

Impedance, voltage & power triangles; power factor correction; impedance calculations; voltage drop
calculations; 3-phase circuits; wye and delta connections; balanced vs. unbalanced operation; voltage,
current, and power relationships in 3-phase systems.

0704 Calibration of Single - Phase Meters

Operation and use of the rotating standard; inspection and maintenance procedures; adjustment &
calibration; creep, dial & accuracy tests; internal connections; test boards; statutory regulations; type
approvals.
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0705 Calibration of 3 - Phase Meters & Sample Testing
Testing network and polyphase meters; purpose; test requirements; group and sample selection; triangle
graph; outliers; test result calculations; mean and standard deviation; size and acceptance criteria.

0706 Single - Phase Self - Contained Meter Installation

Single-phase 2 & 3-wire meters; diagrams and operation; load current flow; neutral current flow; power
measurement; changing an "a' and 's' base meter; voltage checks; troubleshooting; use and inspection of
safety equipment, installation.

0707 Single - Phase Transformer Type Meters

Instrument transformer operation; window and bar type current transformers; potential transformers; additive
and subtractive polarity; polarity checks; safety procedures; accuracy class and interpretation; billing
multipliers; 2 and 3-wire transformer type meter operation; load current flow; power measurement;
installation, connection, verification. (59 minutes)

0708 Thermal Demand Meter Operation & Calibration
Explains why demand measurement is used; operation of thermal demand meter; adjustments; testing and
calibration; response time; pull back test; grease memory test; light load test; zero test.

0709 Integrating and Rectithermal Demand Meter operation & Calibration

Indicating cumulative; single & poly-phase types; construction; mechanical operation; response;
maintenance; calibration requirements; test points; adjustment; rectification; single-phase test constant;
single-phase testing 3-phase 3-wire va meter; single-phase testing 3-phase 4-wire va meter; rectithermal
testing precautions; form factors; test va calculations.

0710 Vector Analysis Delta Connections

3-phase generation, operation & configuration; phase rotation; vectors; parallelogram, triangle & compass
methods of vector addition; rotating vectors; properties of triangles; right triangles; problem solving; delta
connected generators; delta phasors; current in delta system; delta connected transformers; 3-phase power;
power and impedance triangles.

0711 Metering 3 - Phase Delta Systems
Reviews Blondel's theorem; meter phasors; power measurement (two wattmeter method); coil polarity;
installation and testing; preparing meter panel.

0712 Metering 4 - Wire Systems

Reviews wye connected generators; current; voltage; loads; transformer connections; power; phasors;
problems; metering with 3 wattmeters; the 2-1/2 element meter; metering with the 2-element meter and the
3-wire single-phase meter.

0713 Network Services: Measuring VARS & VA

Explains how network service (208/120v) systems work and how they are metered; how vars and va can be
measured utilizing a phase shifting transformer or by using rectithermal meters; the difference between va
using phasor addition and using arithmetic addition.

0714 Polyphase Installation Verification

Verification of proper meter installation; cross phase analysis and how it is applied to completely verify: a 2-
element meter on a 3-wire delta system, a 2-1/2 element meter on a 4-wire wye system, a 2-element meter
on a 4-wire wye system with current transformers (cts) connected in delta; also shows how unbalanced
loads effect 3 and 4-wire metering and their phasor diagrams.

0715 Troubleshooting Polyphase Installations & Power Theft

Discusses all types of polyphase installations, analysis and operation under fault conditions and
troubleshooting situations. Topics covered include: delta delta, delta wye, wye delta, and wye wye; the
floating neutral; open delta; ground fault indicators; various power theft situations; open meter neutral;
reversed current coils.

0716 Specialized Metering

Primary metering; thermal converters; transducers; recording graphic meters; methods of totalizing meters.
Also covered are: construction; operation; adjustments; testing and calibration.
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0717 Power Factor Correction & Load Factor
Capacitor banks and power factor correction: why and where needed; sizing; voltage rise calculation; safety
precautions; released system capacity; improved voltage levels; reduced power losses; load factor.

0718 Digital Metering (1)
Review of standard metering practices; Q-hour metering; digital metering basics; magnetic tape systems
and translation; remote retrieval systems and translation.

0719 Digital Metering (2)
Methods of totalizing; installation design; troubleshooting and maintenance procedures; electronic metering;
future development and needs.

0720 Dealing With the Customer

Customer relations: costs and benefits; principles, procedures and practices for dealing with difficult
customers and collection situations; current limiters: purpose, types installation, application; billing
complaints and disputed meters: estimating customer usage; procedures for determining if a meter is at
fault; testing a disputed meter; ground fault conditions.

Availability:
Video: English
DVD: English
MPEG: English

One-time additional copy available: Reference Guide Available per Module.

Power Quality Series

Overview: This series is designed to aid in upgrading one’s technical knowledge and understanding of
power quality issues. The basic parameters of power quality, the problems caused by different types of
electrical equipment and ways of mitigating the problems are covered. The series is focused at the
technician/operator level.

4501 Power Quality Overview

Utility distribution systems, major equipment, primary/secondary subsystems; customer classifications,
industrial, commercial, residential; power quality issues, voltage sags & swells, harmonics, stray voltage,
flicker, excess neutral current; utility-customer interface.

4502 Causes of Power Quality Problems

Application of non-linear loads, adjustable speed drive, electronic ballasts, static var compensators, rotating
machines; utility system faults; motor starting; customer power factor, improvement capacitors, harmonic
magnification due to resonance; lightning and switching surges; proper wiring and grounding.

4503 Impact of Low Quality Power

Outage/malfunction of crucial equipment and processes; capacitor bank failure; overheating and accelerated
aging of equipment; telephone/tv/radio interference, electrical noise and flicker; metering and
instrumentation errors.

4504 Solution Methods for Power Quality Problems

Filtering techniques; uninterruptible power supplies; power conditioning equipment; detuning resonant
circuits; isolation & cancellation methods; transformer & ground connections; multi-phasing; surge
suppressors; fault clearing practices; power quality improvement methods.

4505 Utility and Customer Roles in Power Quality

Industry standards, harmonics, voltage surges & quality; monitoring and analysis, total harmonic distortion,
power quality monitoring equipment; site surveys, role of personnel, utility operators and engineers, utility
customer service representatives, customer representatives.

4506 System Grounding

Reasons for grounding, safety, operational concerns; grounding methods, effective & low impedance
grounding, high-impedance grounding, ungrounded systems; sub-station grounding, ground potential rise,
step & touch voltages, maximum allowable body current.
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4507 Grounding of Premises & Equipment

Grounding arrangements, industry codes & practices, grounding points & electrode systems, bonding;
grounding generators and upa€™s, vulnerability to short circuit conditions, single & multiple generators
systems, connections to other power sources, emergency & standby units; grounding unit substations &
switching centers; grounding for static & lightning protection.

4508 Powering & Grounding of Electronic Equipment

Feeders & branch circuits, single phasing in 3-phase circuits, load balance, power factor; dedicated and
shared circuits, unwanted interaction; grounding for sensitive electronic equipment, insulated ground circuits,
signal reference grids, multi & single point grounds; surge & lightning protection; electrical distribution
equipment, dry-type transformers; mitigation techniques for variable frequency motors.

4509 A Primer for Power Quality Testing & Inspection

Basic primer for power quality investigators; provides methods and guidance for hands-on power quality
work; reviews common test equipment; investigates techniques used in troubleshooting & repairing common
power quality problems wiring deficiencies, bonding, isolated grounds, computer loads, neutral current
harmonics, neutral sizing, transformer de-rating, common problems with the main building ground.

4510 Power Quality Case Studies

Neutral current harmonics, over-heating of neutrals & transformers; capacitor switching, impact on drives
and other electronic equipment; premises wiring problems, neutral to ground bonds, conduit grounding;
radiated noise, emi and emf effects on circuits and devices.

4511 Designing for Power Quality - Electronic Facilities

Electrical environment, load requirements, margins, effect of power factor & source impedance, power factor
improvement, power conditioners, mitigation of harmonics, noise transients, sags, moment Aries,
interruptions, interface with life-safety & communications, code compliance, neck Art. 645, grounding
requirements, design concepts, redundant systems.

4512 Designing for Power Quality - Industrial/ Commercial Facilities

System configurations, voltage drop, motor & drive design, factory automation, solid state starters,
interference (ri/femi), harmonic control, filters, transient protection, voltage sags & flicker, grounding,
uninterruptible approach, networking of ups, computer simulation & analysis.

Availability:
Video: English, Mandarin
DVD: English
MPEG: English, Mandarin
VCD: Spanish
CD-ROM: English

One-time additional copy available: Student Workbook and Instructor’s Guide per Module

Power System Harmonics Series

Overview: This series is designed to familiarize engineers in the utility and industrial sectors with the
fundamentals of harmonic distortion. The causes, systems parameters, operating conditions and equipment
related to harmonic distortion are examined. Emphasis is then shifted to problem analysis and
measurement, mitigation techniques and industry standards. The knowledge gained is then applied in some
actual case studies.

4801 Harmonics & Static Power Convertors
Introduction to Harmonics
Definition of harmonics
Characteristics of harmonic distortion
History of harmonic problems and solutions
Importance of understanding harmonic effects
Static Power Converter Theory
Single phase converters-full and half wave converters
Three-phase, six-pulse converter theory
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4802 Sources & Effects of Harmonics
Harmonic Sources
Static power converters
Additional harmonic sources
Effects of Harmonics
Excitation of resonant circuits-effect of capacitor banks
Accelerated aging of equipment
Instrumentation and relaying
Computers and control equipment
Consumer appliances
Communications
Waveform and timing events

4803 Analysis, Measurement & Mitigation Techniques
Harmonic Analysis and Measurement Tools
Computer programs available for harmonic analysis and prediction
Measurements of harmonic currents and voltages
Harmonic Mitigation Techniques
Design and application of filters
Multi-pulsing rectifiers
Cancellation by current injection and limitations
Surge and impulse protection
Flicker control with static var compensators
Telephone noise mitigation with harmonic shunt reactors

4804 Case Studies, Standards & Guidelines
Industry Standards
IEEE-519-a recommended practices and requirements for harmonic control in electric power systems
international standards
known equipment limitations
Planning/Designing to Minimize Harmonic Effects
Factors important to system planners and designers
Aadditional planning considerations
Case Studies in Harmonics
Case studies showing the effect and solutions to harmonic phenomena (56 minutes)

Availability:
Video: English
DVD: English
MPEG: English

One-time additional copy available: Reference Guide per Module

Power System Operation Series

Upon completion of this series, the technician will understand the concepts and technology of electric power
system operation and dispatch. Particular attention is given to emergency situations and system recovery.

5101 Review of Electrical Fundamentals |

Ohm's law, power and energy; energy and power calculations; ac voltage generation; ac power in resistive
circuits; rms value; effects of inductance and capacitance; power triangle; power factor; introduction to per
unit system and per unit calculations.

5102 Review of Electrical Fundamentals Il

Generator synchronism and frequency; three-phase circuits; balanced vs. unbalanced operation; voltage,
current and power relationships in three-phase systems; Wye and Delta connections; inductive and
capacitive circuits; impedance triangle and impedance calculation; voltage drop calculation.

5103 Elements of the Power System |

Introduction to power system components; generation: hydro, fossil, nuclear; components of a generator;
generator capability curve; power transmission: overhead lines, cable, ac vs. dc; electrical characteristics of
lines; pi-section representation of lines.
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5104 Elements of the Power System ||

Transmission line and cable loading limitations, line charging; substations: purpose, layout, equipment,
busbar configurations, reliability; transformers: theory, types, cooling, taps, 3-phase connections; circuit
breakers: disconnects; surge arresters; capacitor banks; other equipment.

5105 Elements of the Power System |l|

System compensation; Ferranti effect; shunt reactors, shunt capacitors; series capacitors; static
compensators; protective relaying; types: overcurrent, directional, impedance, differential; load
characteristics; summary of tapes 3, 4 and 5.

5106 Steady - State Power Flow

Power demand and supply; effect of load-generation imbalance on system frequency; load angle and its
relationship to power transfer capability; phase angle limits; consequences of exceeding phase angle limits;
power transfer; the per unit system and power equation.

5107 Power Flow Studies

Division of power flow; basic power flow principles in parallel circuits; load flow studies and case examples;
effect of phase-shifting transformers; effect of line outages; effect of generation outages; distribution factors;
re-distribution of power as system operation conditions change.

5108 Steady - State Voltage Control

Voltage ranges and standards; voltage control by generators; control by transformers; control by capacitors,
reactors, static var compensators; applications to transmission and distribution systems; voltage control
studies.

5109 Economic Operation |

Evaluating the system load, load curves and operating reserves; unit commitment; production cost;
economic dispatch calculation (edc); system lambda; base points, participation factors, losses and penalty
factors; system frequency control; turbine governor characteristics; governor set points; speed droop;
frequency control in isolated and interconnected systems.

5110A Economic Operation I

Analysis and pricing of power interchange; actual net interchange (ani) vs. net interchange scheduled (nis);
multiple interchange; economy A and economy B transactions; basic operating principles of automatic
generation control; calculation of ace; agc in allocation of generation change; unit control modes.

5110B Economic Operation Il

Operating characteristics and types of hydroelectric plants; principles of economic scheduling of
hydroelectric plants; example and analysis of economic scheduling on a two unit hydro-thermal system;
scheduling techniques used on a full-sized power system; procedures used to develop economic operating
schedules for pumped storage plants.

5111 Constraints of Steady - State Operation

Equipment rating and loading limitations; MVA loading capability of system components; voltage and
frequency limitations; effect of overvoltages on system equipment; contingency assessment; definition and
types of contingencies; predicting overload/overvoltage problems; alleviating overload on network; use of
"G" and "D" factors.

5112 Dynamic System Performance Concepts

Steady state vs. dynamic state; system disturbances and examples; power angle equation; power angle
curves; stability limits; machine dynamic stability; equal area criterion; maintaining system stability; system
design and its effect on system stability; loss of synchronism; relays and restoration procedures.

5113 Equipment Response to Abnormal Conditions |

Normal and abnormal operating conditions; types of outages and operator action; definition and relationship
between system states (normal, alert and emergency); operation of turbine governors; division of load
changes; frequency regulation; relationship between governor and the AGC; governor response to sudden
loss of generation; boiler-turbine control system.

5114 Equipment Response to Abnormal Conditions |l
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Voltage control using excitation; types and characteristics of excitation systems; voltage setpoints; high side
voltage control; transformer drop compensation; generator protection from over/under excitation; voltage
control during abnormal conditions; capacitor banks, shunt reactors; AGC operation during abnormal
conditions; operator control of AGC; phase shifter operation; load characteristics and LTC transformers;
introduction to relays; primary and backup relay schemes; types of relays and their function during abnormal
conditions.

5115 Power System Communications

Use of communications in power systems; voice communication between operators; data telemetry and
control; relay applications; types of power system communication (telephone, microwave, radio, carrier);
carrier signal concept; am/fm communication; multiplexing techniques; power line carrier function and
general configuration; coupling, filtering and blocking equipment; operating considerations.

5116 Protective Relaying A & B

Relay fundamentals; operating principles of overcurrent, distance, differential and pilot wire relays;
philosophy of relay protection; relay application schemes; remote backup, local backup and breaker failure
relaying; application of overcurrent and distance relays; pilot relaying, load shedding relays, out-of-step
blocking and tripping relays.

5117 Normal Operating Hazards and Safety A & B

Boiler and turbine loading limitations; boiler differential expansion; turbine rotor stresses; cold/hot starts;
procedures for unit loading; examination of electrical and thermal stresses on system equipment;
overvoltages and operator action; load rejection; series line switching and reclosing; sequence of switching
series lines; synchro-check; single pole reclosing; effect of overvoltages on transformers and surge
arresters; implementing clearance procedures; hazards associated with isolation equipment malfunction;
supervisory and metering systems; methods of checking data.

5118 Emergency Conditions

Types of metered data available in control room; frequency indication of abnormal conditions; turbine off-
frequency limits; interchange variation during emergencies, internal vs. external disturbances, interpreting
combination of indications, diagnosis of problem based on metered data; operator actions during severe
overload, sagging voltage conditions, severe load-generation unbalance, falling frequency; effect of
sectionalization, implementation of reserves, load shedding.

5119 Recovery from Major Disasters

Overview of restoration process; sectionalization; cold load pickup, types of load, inrush due to load pickup,
preventing tripping due to inrush; generator loading and frequency control; black start, islands,
synchronization; voltage control during restoration; voltage limits, causes of high and low voltage, means of
controlling voltage.

5120 System Operating Manual

Structure of NERC manual; AGC control action; details of ACE calculation; frequency bias setting; time error
correction; inadvertent interchange and compensation guidelines; control performance criteria; reliability
guidelines; generation, transmission reserves; emergency transfer capability; emergency operating
practices; operator training; control center facilities; backup power supplies.

Availability:
Video: English, Spanish
MPEG: English, Spanish
VCD: English

One-time additional copy available: Student and Instructor’'s Guide Available per Module

System Protection Technology Series

Overview: This series will train personnel on the principles of protection systems, including different
schemes used in the protection of: generators, buses, transmission and distribution lines, transformers,
motors, etc.

2101 Elements of System Protection
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Philosophy and objectives of system protection; zones of protection; faults; tolerable and intolerable faults;
reading electrical diagrams; relay performance; analysis of incidents; correct and incorrect operation;
reliability, selectivity, and speed.

2102 Types of Protective Relays
The differential principle; instantaneous and time over current relays; directional relays; distance relays;
MHO relays; reactance relays; backup protection.

2103 Monitoring System Conditions

Current transformers; effect of burden; saturation effects; voltage transformers; VT connections; polarity;
voltage polarization; current polarization; directional sensing; circuit and phase diagrams; phase rotation; per
unit calculations; MVA fault capacity.

2104 Fault Characteristics
Types; symmetrical components; fault phase; system grounding; high and low impedance; solid grounding;
ferro resonance; safety grounding.

2105 Generator Protection

"Mechanical" protection; faults; tripping arrangements; primary protection; backup protection; negative
sequence protection; generator capability curve; loss of field protection; system disturbances; under
frequency, over current, reverse power, under voltage; off-line protection; over voltage; synchronizing.

2106 Transformer Protection

Types of faults; over current protection; backup; primary fuses; differential protection; in-rush current;
phasing of CTs; calculation of mismatch; connection of multiple restraint coils; zero-sequence protection;
directional protection; remote transfer tripping; thermal relays; reactor protection.

2107 Bus Protection

Typical bus arrangements; single breaker - single bus; single buses connected with bus tie; main and
transfer buses with single breaker; single breaker double bus; double breaker double bus; ring bus; breaker-
and-a-half bus; transformer-bus combination; differential protection for buses; ground-fault bus.

2108 Motor Protection

Potential hazards; motor characteristics; general protection; phase fault protection; differential protection;
ground fault protection; thermal limits; locked rotor protection; system unbalance; under voltage; bus transfer
and reclosing; repetitive starts and jogging protection; synchronous motors; unbalanced conditions; current
time curves; motor applications, voltage levels; torque curves-speed, slip stall.

2109 Line Protection

Classification; techniques; protection coordination; setting and coordination; instantaneous
over&nbsp;current; instantaneous trip application for a loop system; short-line applications; network and spot
network systems; distance protection; ground fault protection; distance vs. over current; directional sensing;
polarizing problems with auto transformers; dual polarization; ground directional sensing with negative
sequence; mutual coupling; mutual induction; fault resistance; long EHV series compensated; backup -
remote, local and breaker failure.

2110 Pilot Protection

Classification; communication channels; transfer trip pilot-wire; directional comparison blocking and
unblocking pilot systems; overreaching and under reaching transfer trip pilot systems; phase comparison
systems; single pole-selective pilot systems.

2111 Protection for System Stability

Power transmission; steady-state and transient operation and stability; system swings; out-of-step detection;
automatic line reclosing; distribution feeder reclosing; reclosing with transformers or reactors; automatic
synchronizing; load shedding.

2112 Testing & Commissioning of Protective Schemes

Construction diagram review and installation check; preparation of relays, review setting instructions; CT
and VT tests; VT and CT secondary wiring checks; relay calibration; functional testing; primary and
secondary injection tests; bus equipment visual check; coordination with dispatcher; primary phasing test,
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phase angle checks; in-service readings on protection circuits, on-load and at zero load; revise drawings
and operating instructions.

2113 Power Line Carrier

L-C line traps, parallel resonance; high Q and low Q traps; wide band traps; coupling capacitor grounding
equipment; line tuning equipment; impedance matching; reflectivity; signal loss attenuation; examples of dB
loss; hybrid units; transmitter and receiver tests and adjustments; special test equipment; audio signals,
frequency band; SSB carrier equipment and features.

2114 Fault Investigation & Analysis

Need for investigation; reporting; capturing information; relay targets; oscillograms; digital transient
recorders; selection of data to be monitored; dispatcher's log, operating instructions; sequence of event
recorders; case studies - faults and subsequent analysis; interpretation of data.

2115 Introduction to Static Relaying
Solid-state devices; solid-state circuitry; advantages, relay applications; calibration; comparison; solid-state
protective schemes; digital protection schemes.

2116 Coordinating of Protection Devices

The theory and procedures used to coordinate various protective devices in power systems; fuses - function
and operation; fuse ratings; melting time and damage curves; fuse coordination; reclosers and sectionalizes;
coordination with over current relays; overall system coordination; protection coordination in industrial
installations; co-generation coordination.

2117 Power Supply for Protection and Control Systems

Need for un-interruptible power supply, batteries - types, characteristics, construction; battery care and
maintenance; DC distribution - security, redundancy; battery chargers; AC/DC rectification; inverters; un-
interruptible AC.

2118 Energy Center Operations

Elements of the power system; generation, transmission, distribution; system control, frequency control; the
load curve, economic dispatching; spinning reserve, load shedding; automatic generation control;
interconnections; planned outages; system response to interruptions; cascade tripping.

2119 Telecommunications Protection (HVSP Devices)

Usage of wire lines; routing; effect of power system faults on telephone lines; longitudinal common mode
induction; GPR-ground potential rise; remote ground and local ground; high voltage hazards; location of
demarcation interface; standard protection; air gap arresters; carbon block, gas tube, solid-state protectors
and limitations; voltage clamping; mutual drainage reactor; high voltage special protection; neutralizing
transformer and reactor; isolation transformers; relay for DC signals; safety precautions; optical isolators:
tucon fiber optic link; fiber optic cable.

2120 Telecommunications Protection Il (Configuration & Installation)

Types of service; SPO classification; voltage rise; protection requirements for different SPO classifications
and voltage rise; HVSP configurations for different circuits; location of protection devices; selection and
limitations of protectors; grounding arrangements at TELCO, RDL, HVI; grounding or isolating dedicated
cable shield; PVC conduit; cable to network interface; surge arrester connections; isolation transformers as
MDR; location and mounting of HVI cabinet; grounding at conductors, protection of unassigned pairs,
connection of secondary windings; installation of isolating transformer, HVI layout, terminal strips, ground
bus, remote side wiring, station side wiring, cable connections; connection of protectors and MDR's; circuit
identification and documentation; modular HVI; installation pitfalls; maintenance and inspection; safety
considerations.

2121 Supervisory Control System

Basic features; remote data collection, transmission, processing, display; remote control; polling; RTU
inputs, outputs, reporting and data collection; analog points, transducers, analog digital conversion; control
commands - select - check - operate sequence; modems, signal transmission; FSK, PSK, A.M.; rate of
signal transmission; communication line arrangements; master assembly and peripherals; memory; clock;
communications controller; display computer, stations, operator input; standby station; CPU priority tasking;
on-line diagnostics; operator interface and input; alarm system - logging and reports; troubleshooting;
preventive maintenance; functional tests.
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2122 Inadvertent Trips - Cause and Prevention

National guidelines and strategies; types of tests, calibration, functional, in-service; why test, when to test,
confirming performance; impact of testing, specifications, tolerance; inadvertent trips; station awareness and
attention to detail; pre-test checklists, work permits, performing tasks; safety, system reliability and security;
cause of false trips; different relay and breaker failure relays.

2123 Fault Calculations and Relay Settings

Fault characteristics; voltage source; impedance to fault; per unit impedance; conversion of ohm to per cent
Z; balanced fault MVA & fault current; impedance addition - operator 'J'; substitution of complex circuits by
equivalent circuits; unbalanced fault components; characteristics of symmetrical components; positive
negative & zero sequence; addition of sequence components-operator 'A'; sequence impedances;
unbalanced fault calculations; factors affecting relay settings (60 minutes)

2124 Testing Techniques

Effective measurement of voltage and current; analog and digital meters; current peaks; conductor
resistance; insulation resistance; frequency measurements; bandwidth; dB signal strength; timers; phase
angle measurement; using the oscilloscope; sources of test signals; digital test sets; safety precautions for
test personnel.

2125 Programmable Logic Controllers

Process logic, logic diagrams; compact industrial PLC's; rack mounted PLC's; types of memory, RAM, ROM,
EPROM; CPU operation, scanning time; input and output signals, input and output interfaces; external
programming modules; coding instructions, programming functions; extended PLC networks; distributed
control systems.

Availability:
Video: English
CD-ROM: English
MPEG: English
DVD: English

One-time additional copy available: Student and Instructor’s Guide per Module

Transmission System Operation Series

Overview: The series is aimed principally at power system operators in the new ISO and power pools.
However, interest is also expected from the new entrants to the power business such as brokers, traders
and independent generators. For this reason, a certain amount of necessary standard practice material is
included in the program to provide a base on which to build the more advanced techniques.

7501 Review of Fundamentals
Units of measurement; AC generation; power and energy; effects of inductance and capacitance; reactive
power; power factor; voltage drop and 3-phase systems.

7502 Power Transmission

Characteristics of overhead lines; characteristics of high voltage cables; effect of line inductance and shunt
capacitance; line voltage drop; line charging; Ferranti effect; power angle; substations; bus configurations;
transformers and switchgear.

7503 System Voltage Control

Requirement for vars; var generation; system voltage drop; voltage compensation; transformer taps;
application of capacitors, reactors, synchronous condensers; static var compensators; S.I.L.; voltage
collapse.

7504 System Frequency and Tie-Line Control

Synchronism; balancing power demand and supply; frequency variation; effect of line and/or generation
outages; power transfer limitations; turbine governor characteristics; isolated systems; large interconnected
systems and automatic generation control.

7505 Power Dispatching
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System load flow; load forecast; scheduling daily generation; unit commitment; and stand-by capacity;
spinning reserve; the cost factor (economic dispatch); unit merit order or bid price; power interchange;
traditional pricing; methods of interchange and effect of variances in plant availability.

7506 System Security

Equipment availability; effect of interruptions or outages; need for planning system configuration; equipment
limitations; contingency studies; power flow studies; maintaining reserve capacity; co-ordination of planned
outages and control of system switching.

7507 Operating Under Abnormal Circumstances

Loss of generation; line interruption; load rejection; over voltage; concurrent problems; defining operating
status: normal, alert, emergency; voltage and frequency control under abnormal operating conditions,
overload, instability, loss of synchronism, operator actions; load shedding, sectionalizing.

7508 System Restoration

Bringing reserves into service; start-up and rate of loading limitations on turbine generators; cold load pick-
up inrush; switching sequence; control of islands; synchronizing islands to restore system, voltage and
frequency control during restoration.

7509 Monitoring and Control Communications
Techniques of communication; speed of communication; carrier schemes; SCADA systems; RTU
installations; operator interface and application software programs.

7510 Transmission System Protection
Fault characteristics; changing parameters; objectives of protection; grounding practice; types of protection;
applications to generators, transformers, bus and lines.

7511 The Effect of Deregulation on System Operation
Objectives of deregulation; the power pool; generation bidding and scheduling; calculation of pool price;
bilateral agreements; hedging contracts; open access transmission; support services.

7512 Power Dispatch Under-deregulation

Provision of and payment for availability; spinning reserve; system support; reactive power; system
imbalance; compensation for transmission constraints and converting commercial transactions into
dispatching operations.

7513 Transmission Control

FERC rules on transmission access; organization and function of ISOs; transmission pricing; contracted
power transfer; degree of firmness contracted; parallel transmission paths; software programs; OASIS, and
GATT.

7515 System Operator Certification (SOC)

This new interactive module is aimed at helping System Operators and Dispatchers reinforce their base of sound
operating practice, which will assist them in preparation for NERC/NAERO Certification Testing. The material is based on
the NERC Certification outline, which is covered in the various modules in L&K's Transmission System Operation (TSO)
training series.

System Operator Certification draws together all the elements of the TSO program, by focusing on the system operator's
task through a series of challenging and engaging questions. The operators also benefit through exposure to an
examination environment prior to taking official certification testing.

This is an excellent choice for both those new to operations and to those experienced personnel ready for a review. The
exams and realistic problems provide a challenge for all.

7516 Controlling to NERC Standards: Generation Control and Performance

This L&K training module firmly grasps the control and performance requirements of a Balancing Authority Area. This is a
great review for experienced system operators as well as for new operators in a generation, transmission, or balancing
authority role.

The subjects center upon the newest NERC Standards, details of ACE, control performance criteria, contingency
reserve, the effects of frequency excursions, system monitoring, and disturbance control requirements.

The exams and realistic problems will be a challenge and a benefit to all.

This is an excellent choice for almost anyone associated with grid operations.

7517 Controlling to NERC Standards: Aspects of System Operation
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NERC Policies 2, 4 & 5; reliability coordinators & operating security; maintaining system voltage; Define terms on
diagram; data exchanged between neighboring control areas and the security coordinators; coordination of maintenance;
coordination of system protection; operational security information; operating security limits: SOL & IROL; NERC Hotline;
energy emergencies & restoration priority; disturbance analysis & reporting; sabotage detection & reporting.

7518 Controlling to NERC Standards: Power System Transactions and Coordination
This L&K training module provides insight into interchange transactions and e-tagging. This is considered to be a
foundation to anyone in the business of scheduling or controlling a grid component.

The subjects include interchange scheduling, e-tagging, roles and responsibilities for generation, scheduling,
transmission, and balancing entities, coordination of interchange, making modifications and cancellations,
telecommunications requirements, and great coverage of the related NERC Standards.

Availability:
Video: English, Spanish, Mandarin
MPEG: English, Spanish
VCD: English, Spanish, Mandarin
CD-ROM: English
WEB: English

Controlling to NERC Standards Series

7514 Controlling to NERC Standards: Interconnection Operation

This L&K training module is outstanding in scope and content regarding interconnected system operation. This is an excellent foundation
for a beginner understanding of interconnected system operations. This module is also an excellent review for more experienced system
operations personnel. This content includes the basics of interconnected system operations, introductions to key NERC Standards, a guide
in understanding automatic generation control (AGC) interchange transitions, time error correction, system reliability, system monitoring
and basics of control performance measurement.

7516 Controlling to NERC Standards: Generation Control and Performance

This L&K training module firmly grasps the control and performance requirements of a Balancing Authority Area. This is a great review for
experienced system operators as well as for new operators in a generation, transmission or balancing authority role. The subjects center

upon the newest NERC Standards, details of ACE, control performance criteria, contingency reserve, the effects of frequency excursions,
system monitoring, and disturbance control requirements.

7517 Controlling to NERC Standards: Aspects of System Operations

This L&K training module provides excellent coverage of operating reliability limits and voltage control. This would be a cornerstone of
training for a newcomer to operations, as well as a good review for the more experienced individual. The subjects covered include
operating limits, monitoring system conditions, power transfer and stability, reactive and voltage control, aspects of system operation and
emergency operations. The exams and problems associated with this module are great for all those associated with power transfer and
reliability. It also provides a great deal of navigation through the associated Standards as opposed to that same information that previously
resided in NERC Policies.

7518 Controlling to NERC Standards: Power System Transactions and Coordination
This L&K training module provides insight into interchange transactions and e-tagging. This is considered to be a foundation to anyone in
the business of scheduling or controlling a grid component. The subjects include interchange scheduling, e-tagging, roles and
responsibilities for generation, scheduling, transmission, and balancing entities, coordination of interchange, making modifications and
cancellations, telecommunications requirements and great

coverage of the related NERC Standards.

Availability:
Web: English

Applying NERC Standards Series

Overview: This L&K course is a great value to those who need to relate the NERC information that once resided in
Policies to the NERC Standards today. It is not only important to know where that information resides in the Standards,
but also any additions or changes that have been made in operating requirements. The content includes summaries, as
well as links and associated reading requirements for the NERC Standards.

9100 Applying NERC Standards

This course is designed to provide you with a practical understanding of what each standard is about as the
standards are applied to assignments during each lesson.

Throughout the course, you will have access to the full-text version of the NERC standards. You will have
the opportunity to review the requirements of each standard before being challenged to apply your
knowledge of those standards during the examination provided at the end of the course.
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Topics Covered
Resource and Demand Balancing (BAL)
Balancing Standards
NERC Control Performance
Levels of Non-Compliance: CPS-1
Loss of Generation
Frequency Response
Time Error Correction
Automatic Generation Control (AGC)
Inadvertent Exchange
NERC Standard 1200 and CIP-001
NERC Urgent Action Standard 1200
NERC Standard VAR-001
NERC Standards TOP-001, TOP-002, and TOP-003
NERC Standard TOP-004
Operational Reliability Information and Monitoring System Conditions
Communications and Interchange Scheduling
Emergency Operations
NERC IRO Standards
NERC PER Standards

Availability:
Web: English

Blackout 2003: A Lesson in Emergency
Preparedness

Overview: This L&K course is prepared to provide a summary review of the U.S. Eastern area blackout that occurred on
August 14, 2003. The learning objectives are for: the training familiarization with the root causes of this cascading
occurrence, review of restoration techniques and building of emergency preparedness skill sets. The review of any grid
disturbance is conducted in order to learn from the event in order to enhance our emergency preparedness. It is important
to learn from the past, but also to recognize the great value and daily contribution of our grid operations personnel.

9200 Blackout 2003: A Lesson in Emergency Preparedness

Availability:
Web: English

Emergency Table Top Drill Series

Overview: This training module is comprised of operational problem solving exercises. These emergency preparedness
drills are web-based exercises that require trainee responses for training scenarios ranging from minor events to system
black-out and restoration. This training is designed to be applied towards the NERC annual emergency preparedness
training requirement for each company, as well as to provide CE credit for emergency drills or simulation. Drills are varied
and utilize simulator-screen views and other visuals common to control center operations. The exercises are designed to
provide a realistic learning experience. The web training provides AGC summary scenes, system status diagrams and
alarm screens for the trainee to assess.

This makes the web-based version of a “table top exercise” more realistic and requires exercise of skill sets that more
closely match those required in actual situations. After the trainee completes a separate, written log documenting what
his/her actions or a given scenario, the trainee is provided “expected outcomes” with which to compare his/her response.
If the user’s logged actions significantly differ from the expected outcomes, the user is invited to repeat that drill.

9500 Emergency Table Top Drill

Each Emergency Table-Top Simulation/Drill scenario is credited CEH time based on the same events used
in actual on-site emergency training. The NERC/WECC Emergency Table-Top On-site Simulation/Drill
course includes 13 Table-Top On-Site Simulation/Drill scenarios.

During each Table-Top Simulation/Drill scenario, you will be provided time to read the given information
before you begin your response to the training event. After carefully preparing your response to the
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scenario in your "log" you will be provided with time to compare your responses with the basic expectations
for such an event.

Topics Covered
System arrangement (as applicable)
System pre-event status
System information summary data (as applicable)
Emergency request information (as applicable)
Analysis log of system status maintained in real-time
Analysis log of system alarms maintained in real-time
Factors affecting change in system status
Causes of system status changes/alarms
System restoration
System event/response review

Availability:
Web: English

System Operation Review Series

9900 System Operations Review

Overview: The NERC OPERATIONS TRAINING MODULE is designed to provide a comprehensive general review for
personnel seeking CE training credit, as well as for those persons who are preparing to take the NERC certification exam.
NOTE - if a person completes this before attaining certification by NERC, then it does not warrant NERC CE credits. This
is a tool to help prepare for taking the exam. It does not include or imply content of any NERC certification exam answers.
The purpose of this module is to serve as a tool to help with an individual's understanding of system operations and
demonstration of knowledge necessary to succeed in the NERC certification exam. It is absolutely necessary to spend
“face time” in the References and Standards in addition to the course completion.

Availability:
Web: English

Grid Dynamics Series

1101 System Control and Performance Requirements
This training module provides great insight into understanding of undervoltage and underfrequency
conditions.
Topics Covered

Control Performance Standards

Review of NERC Regions

Electricity System Control Review

Review of Dynamic Scheduling

ACE at NERC

ACE at WECC

WECC Inadvertent term

Electric System Control

Basic System Control

NERC Standards

CPS-CDS Control Highlights

CPS Review

1102 Emergency Operations - Eastern

This course is a great tool for enhancing readiness for emergency operations and a great pre-requisite

for your own table-top or simulator training.

Topics Covered

Emergency Operations Overview

Key Attributes of Communications

Methods for Improving Communications

Path Operations and Emergencies

Emergency Operations for Line Trips

Transformer Failure

The Physics of Power Flow

Unscheduled Flow
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Power Flow Calculations

WECC USF Reduction Procedure
Restoration Frequency Considerations
Dropping Load to Restore Island Frequency
Picking Up Load on an Isolated System
System Disaster Recovery Basics
Emergency Exercises

1102 Emergency Operations - Western

This training module provides great insight into understanding of undervoltage and underfrequency
conditions.

Topics Covered

Power Systems Operations

Safety Review

Basic Review of Power Systems Operations
EHV Operation

WECC ACE-PACE

AC EHV Terms

EHV and 500kV Basics

Single-Pole CB Tripping

Procedures and Communication

1103 High Voltage, Safety & Power System Operations
This practical training course is a great pre-requisite for emergency training that is so necessary for all
levels and disciplines involved in power generation, power transfer, balancing and reliability.

Topics Covered
Synchronizing Islands
Electric System Islanding
Electric System Undervoltage
Undervoltage and Underfrequency Tripping
Isolated Pockets Created by Islanding
NERC Standards Review Basics
Phase Angle and Power Flow
1104 Synchronizing Islands
This training module provides great insight into understanding of undervoltage and underfrequency
conditions.
Topics Covered
Underfrequency and Undervoltage Introduction and Review
Frequency Control Terms
Dynamic Look at Underfrequency and Undervoltage
Frequency Deficiency and Voltage Deficiency Review
Voltage Frequency Facts
Undervoltage and Underfrequency Facts
1105 Undervoltage & Underfrequency
This training module provides great insight into understanding of undervoltage and underfrequency
conditions.
Topics Covered
Voltage Relationships
Review of Sine Wave Relationships
Capacitor Basics
Voltage Control Highlights
Dynamic Worksheets
Other Relationships Important to Voltage Control
Review of NERC terms
1106 Voltage Control
This training module provides great insight into understanding of undervoltage and underfrequency
conditions.
Topics Covered
Voltage Relationships
Review of Sine Wave Relationships
Capacitor Basics
Voltage Control Highlights
Dynamic Worksheets
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Other Relationships Important to Voltage Control
Review of NERC terms

Availability:
Web: English
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Distribution

Distribution System Training Series

Overview: After a brief review of electrical fundamentals, this series moves on to cover various aspects of
distribution system technology. Topics include distribution networks and equipment, system protection,
control and automation, equipment testing and maintenance, and the distribution system operator’s role. It is
presented on the technician level and knowledge of basic electrical theory is assumed.

Cluster 1: Review of Electrical Fundamentals for Distribution Systems

8001 AC Voltage Generation
Induced AC voltage, rotating magnetic field, frequency, Resistive load, voltage & current sine waves, RMS
value; Active power & energy

8002 Power Factor
Effect of inductive reactance, current flow, phase angle; Effect of capacitive reactance; Power consumed by
inductance and capacitance; Reactive power (VARS), apparent power (VA); Power factor.

8003 Impedance and Voltage Drop

Resistance, inductance & capacitance series circuits; Voltage drop across individual elements; Phase angle,
impedance triangle, voltage triangle, power triangle; Voltage drop across line, effect of power factor on
voltage drop.

8004 Three Phase Power Systems
Three phase generation, common neutral; Balanced three phase load, three phase equipment;
Characteristics of wye and delta connections, current & voltage relationship;Three-phase power.

Cluster 2: Distribution Networks
8005 System Layout

Elements of the distribution system single, double, and triple in-feeds; Primary feeder arrangements, radial
and open loop, voltage levels; Customer classification; Single phase and 3-phase secondary connections;
Alternate primary and secondary feeds; Temporary and permanent faults, re-closing arrangements; System
diagrams.

8006 Overhead Lines

Use of bare conductors and covered conductors; Characteristics of overhead construction; Conductor
support, towers, poles, insulators; Characteristics of copper and aluminum conductors; Ampacity tables,
factors affecting ampacity; Conductor tension and line sag; Primary feeder overhead connections; Line taps
to feed customers; Overhead secondary feed to customers; Pole mounted equipment, i.e. distribution
transformers, disconnects, etc.

8007 Underground Distribution Systems

Construction of underground cables; Characteristics of solid dielectric and PILC cables; Function of
conductor and insulation shields; Cable splices and terminations; Direct buried primary and secondary
cables; Pad mounted transformers and switchgear; Features of elbow disconnects; Protection of URD
systems, fault indicators; Underground distribution in city areas Ducts, manholes, and vaults, and primary
risers; The spot network arrangement; The secondary grid network, network protectors.

8008 Substations

Substation bus arrangements; Switching devices, characteristics; Location of protection relays; Substation
equipment; Substation service supply AC & DC; Instrument transformers, CTs & PTs Handling monitored
data; Substation grounding mat and grounding connections; Voltage control equipment.

8009 Distributed Generation
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The role of distributed generation; The cost factor; Types & characteristics of small generators; Hydro,
steam, gas turbine, combined cycle; Reciprocating engines, co-generation; Effect of distribution system
equipment Coordination with bulk power supply; Operation and protection.

Cluster 3: Distribution Equipment

8010 Substation Transformers

Construction; Cooling arrangements; Winding connections, primary, secondary, tertiary; BIL Basic
Insulation Level; Overload Short circuit capability; winding temperature; internal fault detection; Parallel
operation of transformers; Transformer losses.

8011 Distribution Transformers

Distribution transformer sizing; Types of construction and mounting; 3-phase winding connections, delta,
wye; Polarity test; Transformer taps; Parallel operation limitations; Internal fault protection; CSP Self
protected transformer; Grounding connections.

8012 Fault Interrupting Devices

Interrupting the current flow; Quenching the arc; Typical circuit breaker capacities; Circuit breaker
construction; OCB, ACB, SF6, vacuum; Metal enclosed, and metal glad switchgear; Oil operated reclosers,
vacuum reclosers. Characteristics of fuses.

8013 Non-Fault Interrupting Devices

Interrupting the current flow; Quenching the arc; Typical circuit breaker capacities; Circuit breaker
construction; OCB, ACB, SF6, vacuum; Metal enclosed, and metal glad switchgear; Oil operated reclosers,
vacuum reclosers. Characteristics of fuses.

8014 Voltage Control Devices

Voltage drop along the line; Effect of power factor on voltage drop; Voltage standards; Transformer on-load
tap changers construction; Step voltage regulators series connected; SVR control systems; Application of
shunt capacitors along the line; Switching of shunt capacitors.

Cluster 4: Distribution System Protection

8015 Fundamentals of Protection

Need for protection, hazardous conditions; Types of fault; Circuit breaker control circuits; Protection relay
fundamentals, inputs & outputs; Instantaneous operation, pick-up current intentional time delay; Solid state
relays; Digital protection devices.

8016 Overcurrent Protection

Fuses, inverse time characteristic; Instantaneous over-current relays; Inverse time over-current relays;
Application to line protection; Function of directional relays; Relay settings; Examples of electromagnetic,
solid state, and digital relays.

8017 Differential Protection
Principle of differential relays; Application to transformer protection; Application to generator protection;
Application to bus protection; Connection of restraint coils; Pilot wire differential protection.

8018 Coordination of Protection Devices
Primary protection and back-up; Need for coordination of settings; Relay/fuse coordination; Relay/recloser
coordination; Fuse/recloser coordination.

8019 Overvoltage Protection
Lighting surges; Overvoltage protection relays; Surge arresters, ratings and classes; Insulation co-
ordination; Capacitance switching; Ferro resonance.

Cluster 5: Distribution System Control & Automation

8020 Communication Techniques

Modes of communication, priorities; Communication techniques; Hard wired systems; Radio and microwave
systems; Power line carrier; Carrier waves, AM & FM signals; Multiplexing; Analog & digital signals; Fibre
optic systems.
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8021 SCADA Systems

Function of SCADA systems; Remote data collection, transmission, processing and display; RTU (Remote
Terminal Units), inputs, outputs; Analog sensing points, transducers, A to D conversion; Polling RTU and
reporting; Control commands, select check-operate; Rate of signal transmission; Master processor and
peripherals; Operators display and interface; Logging and reporting; On-line diagnostics.

8022 Distribution Automation

Auto-control equipment; Auto-control programs; Line loading optimization; Auto switching; Event recording
and reporting; Condition monitoring reporting; The automatic substation; Recent developments in auto
control.

8023 Programmable Logic Controllers

Process logic, logic programs; Industrial PLCs, rack mounted; Types of memory, RAM, ROM, EPROM,;
CPU operation, canning time; Input and output signals and interfaces; External programming modules;
Programming functions.

Cluster 6: Distribution Equipment Testing and Maintenance

8024 Personnel Safety

Personnel hazards; Mechanism of electric shocks; Clearance procedures; Grounding; Safe practice &
procedures; Principles of Hot-line maintenance; Regulatory requirements; Handling hazardous materials;
Housekeeping, fire prevention; Responsibility for safety.

8025 Insulation Testing
Characteristics of insulation, causes of deterioration; Measuring insulation resistance with Megger; P.I.
(Polarization Index) significance; Condition of winding on test results; Hipot testing.

8026 Rotating Equipment Maintenance
Doble testing; Electric loss; Insulation power factor; Partial discharge on-line measurement; Partial
Discharge Analysis (PDA); Interpretation of test results.

8027 Transformer Maintenance

Monitoring winding temperatures; Monitoring cooling system; Monitoring insulation oil physical condition;
Monitoring insulating oil dissolved gas content; Significance of test results; Examples of DGA; Measuring
winding insulation condition; Transformer testing; turns ratio, winding resistance; Maintenance of
transformer auxiliaries and attachments.

8028 Switchgear Maintenance
Operational data; Functional testing; Internal inspection, cleaning; Electrical test; contact resistance,
insulation; Mechanical tests; timing, gas/air leakage; Maintenance of reclosers, pole mounted switches.

8029 Line Maintenance

Walking the line; Line inspection; poles, guys, pole-top assembly; Conductor inspection; clearances, slack,
sag, connections; Equipment inspection; oil leaks, contacts, fuses; Capacitor maintenance; Riser pole
maintenance; Distribution transformer maintenance; Grounding connections.

8030 Maintenance Management

Schedule for planned maintenance & inspection; Maintenance and inspection procedures; Recording and
reporting results; Trending inspection data, predictive maintenance;Maintenance control program; Spare
parts inventory; Issue of work orders; Access to drawings, manuals, and parts lists; Corrective
maintenance.

Cluster 7: Distribution Systems — Customer Service

8031 Load Characteristics and Utilization
Types of industrial load; Variable speed drives; Electric arc furnaces; Rolling mills; Traction loads (i.e.
railways) Welding; Induction heating; Load factor and power factor; Diversity factor.

8032 Demand Management

54



System load profile; Economic significance of load factor; Economic significance of power factor;
Significance of peak demand; Improving load factor and power factor; Load management incentives; Load
management techniques; Interruptible power contracts; Load shedding; Time of day rates.

8033 Metering

Distinction between energy, demand and reactive; Measuring energy (kWh), demand (kW) and reactive
(kVAR); Meter connections, 1-phase, and 3-phase; Statutory requirements governing metering;
Electromechanical meters; Digital metering techniques; Remote metering and reporting; Time of day
metering; Handling billing complaints metering disputes; Potential future developments.

8034 Utility Rate Structure

The utility's monopoly; Recovery of operating costs; Rate of return on investment; Rate design for different
customer classification; Two-part tariff, capacity and energy; Block rates, differential rates; Time of day
rates; Marginal pricing; Interruptible rates.

8035 The Effects of Deregulation and Competition

Competition between generators; Open access transmission, transmission charges; The distribution
company as wholesale purchaser; Marginal pricing for wholesale power; Consumer choice of supplier;
Supply entities (including distribution companies); Bilateral power contracts hedging; Distribution system
delivery charges.

8036 Power Quality

Power quality issues; Voltage sag and swell, flicker; Harmonics; Causes and effect of low quality power;
Solutions to power quality problems; Filtering techniques, isolation, grounding; Role of customer and utility.

Cluster 8: The Operator’s Role in Distribution Systems

8037 Function of the Operator

Coordination with other operators and personnel; Economic operation; Record keeping & documentation;
Safety of personnel, equipment and general public; Communication with customers, press, and civic
authorities; Coordinating bulk power supply to meet load forecast.

8038 Abnormal Operating Conditions
Deficiencies in bulk power supply; Overload conditions; Voltage reduction; Load shedding; Load
management; Equipment outages; Alternate feed arrangements; Cold load pick-up after outage.

8039 Service Interruptions

Planned outages and forced outages keeping customer informed; Responding to customer at complaints;
Fault location; Dispatch of line repair crews; Implementing clearance procedures; Records and
documentation.

Availability:
Video: English, Spanish, Mandarin
DVD: English, Spanish
MPEG: English, Spanish, Mandarin
VCD: English, Mandarin
CD-ROM: English

One-time additional copy available: Student Workbook and Instructor’'s Guide per Module.

Electrical Fundamentals Series

Overview: This series will provide you with an overall understanding of Electrical Fundamentals including
Ohm’s Law, AC circuits, Transformers and Three Phase Systems.

7101 Basic Electricity

The objective of this first course in the series is to provide an introduction to the theory of electron flow, and
thence to current flow in an electric circuit. Various circuit configurations and calculations are presented
utilizing Ohms law. A brief overview of magnetism and magnetic fields is also discussed particularly in its
relation to electricity and magnetic induction.
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7102 Properties of AC Circuits
The objective of this course is to present the fundamental characteristics of AC Circuits, including AC
voltage generation, the effect of inductance and capacitance and the significance of power factor.

7103 Power and Power Factor

The objective of this course is to continue the analysis of AC circuits through application of the impedance
triangle, the voltage triangle and the power triangle. Additionally, an introduction to the function and features
of transformers is presented.

7104 Three Phase System
The main objective of this course is to examine the characteristics of three-phase systems and to look at the
meaning of &€"synchronisma€™ and the requirements for paralleling generators detection & reporting.

Availability:
Video: English
DVD: English
MPEG: English
CD-ROM: English
WEB: English

Electric Utility Management Series

Overview: A dynamic training series encompassing all aspects of utility management activities and
objectives including operation, financial control, regulatory compliance, & structure to cope with recent
industry trends.

7601 The Electricity Business

Function and obligations of the public utility company; public or private ownership; power generation, co-generation,
power purchase; transmission systems, interconnections; power pools; dispatching generation; transmission network
constraints; distribution systems; power system planning; power quality, availability and reliability.

7602 Management Organization

Types of companies; the task of management; company organization and divisions; setting company
objectives; long term and short term planning; statutory regulations - technical, financial and environmental,
human resources development; labor relations.

7603 Customer Services

Classification of customers; customer information and communication; customer relations, p.r.; focus on the
customer; energy conservation; load management (peak shaving); dsm (demand side management)
techniques; considerations of competition; customer billing and collection; dealing with bad debits;
responding to customer complaints; utility diversification.

7604 Electric Utility Accounting
Need for accounting; the balance sheet and income statement; treatment of operating expenses; asset
value of plant and property; depreciation; code of accounts; budgeting.

7605 Electric Utility Rates and Rate Setting

The utility's monopoly; regulation of rates to protect customers; the regulatory board; rate of return on
investment (assets); the two part tariff, capacity and energy; block rates, differential rates; marginal cost
pricing; allocation of costs between customer classifications; interruptible rates, stand-by rates; rate
hearings.

7606 Electric Utility Financing

The capital intensive business; bonds, stocks, capital structure; security regulations; sale/lease back
arrangements; balance sheet relationships; financial ratios; capital investments in new plant criteria;
investment appraisal; discounted cash flow; rate of return on investment.

7607 De-Regulation and Competition

Generation competition; operation of the pool system; spot market price; transmission charges; ferc rules
and other legislation; open-access rules; power wheeling; nugs & ipps; wholesale & retail power purchase;
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direct bi-lateral power contracts; stranded assets; unbundling of services; open information-access; nerc
reliability concerns, power brokering. \

7608 De-Regulation in Practice

Consumer's choice of supplier; limits imposed by system operation needs; operation of pool system in
Britain, bidding and schedule process; compensation for transmission constraints; payment for availability
and spinning reserve; payment for system support service, voltage, energy imbalance, transmission system
and distribution system charges; the function of retailers; examples of North American practice; bilateral
agreements and iso's (independent system operators).

Availability:
Video: English, Mandarin, Arabic
DVD: English, Arabic
MPEG: English
VCD: Mandarin
CD-ROM: English

One-time additional copy available: Student Workbook and Instructor’'s Guide per Module

Electrical Relay Test and Maintenance Series

Overview: Each module deals with specific relays produced by individual manufacturers. Each lesson is
divided into two parts.

Module |

Series A: Over current

5901 General Electric Type IAC
5902 Westinghouse Type CO

Series B: Voltage
5905 General Electric Type IAV
5906 Westinghouse Type CV

Series C: Voltage
5909 General Electric Type BDD
5910 Westinghouse Type HU

Series D: Impedance
5913 General Electric Type CEY
5914 Westinghouse Type KD

Series E: Negative Sequence
5917 General Electric Type INC
5918 Westinghouse Type COQ

Module Il

Series A: Directional Ground Over current
0601 General Electric Type JBCG

0602 Westinghouse Type IRD

Series B: Phase/Ground Distance

0603 General Electric Type GCX

0604 General Electric Type GCXG

Availability:
Video: English
MPEG: English
DVD: English

One-time additional copy available: Reference Guide Available per Module.

Electrical Troubleshooting Skills Series

Overview: This series of award winning interactive CD-ROM training programs are ideal for learning proven
troubleshooting techniques and applying them in a very realistic simulated environment.
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7301 Techniques

The technique is explained using animated graphics and text. Includes a section on how the circuit works.
Troubleshoot on a lighting circuit containing relays, lights, and pushbuttons. An expert guides you through a
sample fault 16 faults to solve. The user is measured on time and dollars used to solve the fault . The
program records all steps used to solve the faults for later analysis of the troubleshooting approach.

7302 Control Circuits

Troubleshoot a complex a door lock control circuit

Circuit consists of numerous relays, switches, lights, and solenoid.

An expert guides you through three sample faults

Use elementary wiring and connection wiring diagrams to troubleshoot 28 faults of varying difficulty.
Includes a section to describe how the circuit works and how to use the troubleshooting tools.

The user is measured on time and dollars used to solve the fault and results are recorded

The program records all steps used to solve the faults for later analysis of the troubleshooting approach

7303 Motor Control Circuits

Troubleshoot a motor control circuit consisting of a reversing motor controlled garage door. This circuit
contains such components as limit switches, three phase reversing motor starter, push buttons, step down
transformer, and safety switch. An expert guides you through three sample faults. Use elementary wiring
and connection wiring diagrams to troubleshoot 24 faults of varying difficulty. Includes a section to describe
how the circuit works and how to use the troubleshooting tools. The user is measured on time and dollars
used to solve the fault and results are recorded. The program records all steps used to solve the faults for
later analysis of the troubleshooting approach.

Availability:
CD-ROM: English

Meter Technician Training Series

Overview: This program will train personnel to maintain, calibrate, install and troubleshoot various power
measuring devices.

0701 Review of Electrical Fundamentals (1)

Ohm's law; power and energy; ac voltage generation; ac power in resistive circuits; voltage, current, and
power waveforms; peak vs. rms values; effects of inductance and capacitance; power factor; active,
reactive, and apparent power; construction of power triangle.

0702 Review of Electrical Fundamentals (2)

Impedance, voltage & power triangles; power factor correction; impedance calculations; voltage drop
calculations; 3-phase circuits; wye and delta connections; balanced vs. unbalanced operation; voltage,
current, and power relationships in 3-phase systems.

0704 Calibration of Single - Phase Meters

Operation and use of the rotating standard; inspection and maintenance procedures; adjustment &
calibration; creep, dial & accuracy tests; internal connections; test boards; statutory regulations; type
approvals.

0705 Calibration of 3 - Phase Meters & Sample Testing
Testing network and polyphase meters; purpose; test requirements; group and sample selection; triangle
graph; outliers; test result calculations; mean and standard deviation; size and acceptance criteria.

0706 Single - Phase Self - Contained Meter Installation

Single-phase 2 & 3-wire meters; diagrams and operation; load current flow; neutral current flow; power
measurement; changing an "a' and 's' base meter; voltage checks; troubleshooting; use and inspection of
safety equipment, installation.

0707 Single - Phase Transformer Type Meters
Instrument transformer operation; window and bar type current transformers; potential transformers; additive
and subtractive polarity; polarity checks; safety procedures; accuracy class and interpretation; billing
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multipliers; 2 and 3-wire transformer type meter operation; load current flow; power measurement;
installation, connection, verification. (59 minutes)

0708 Thermal Demand Meter Operation & Calibration
Explains why demand measurement is used; operation of thermal demand meter; adjustments; testing and
calibration; response time; pull back test; grease memory test; light load test; zero test.

0709 Integrating and Rectithermal Demand Meter operation & Calibration

Indicating cumulative; single & poly-phase types; construction; mechanical operation; response;
maintenance; calibration requirements; test points; adjustment; rectification; single-phase test constant;
single-phase testing 3-phase 3-wire va meter; single-phase testing 3-phase 4-wire va meter; rectithermal
testing precautions; form factors; test va calculations.

0710 Vector Analysis Delta Connections

3-phase generation, operation & configuration; phase rotation; vectors; parallelogram, triangle & compass
methods of vector addition; rotating vectors; properties of triangles; right triangles; problem solving; delta
connected generators; delta phasors; current in delta system; delta connected transformers; 3-phase power;
power and impedance triangles.

0711 Metering 3 - Phase Delta Systems

Reviews Blondel's theorem; meter phasors; power measurement (two wattmeter method); coil polarity;
installation and testing; preparing meter panel.

0712 Metering 4 - Wire Systems

Reviews wye connected generators; current; voltage; loads; transformer connections; power; phasors;
problems; metering with 3 wattmeters; the 2-1/2 element meter; metering with the 2-element meter and the
3-wire single-phase meter.

0713 Network Services: Measuring VARS & VA

Explains how network service (208/120v) systems work and how they are metered; how vars and va can be
measured utilizing a phase shifting transformer or by using rectithermal meters; the difference between va
using phasor addition and using arithmetic addition.

0714 Polyphase Installation Verification

Verification of proper meter installation; cross phase analysis and how it is applied to completely verify: a 2-
element meter on a 3-wire delta system, a 2-1/2 element meter on a 4-wire wye system, a 2-element meter
on a 4-wire wye system with current transformers (cts) connected in delta; also shows how unbalanced
loads effect 3 and 4-wire metering and their phasor diagrams.

0715 Troubleshooting Polyphase Installations & Power Theft

Discusses all types of polyphase installations, analysis and operation under fault conditions and
troubleshooting situations. Topics covered include: delta delta, delta wye, wye delta, and wye wye; the
floating neutral; open delta; ground fault indicators; various power theft situations; open meter neutral;
reversed current coils.

0716 Specialized Metering
Primary metering; thermal converters; transducers; recording graphic meters; methods of totalizing meters.
Also covered are: construction; operation; adjustments; testing and calibration.

0717 Power Factor Correction & Load Factor
Capacitor banks and power factor correction: why and where needed; sizing; voltage rise calculation; safety
precautions; released system capacity; improved voltage levels; reduced power losses; load factor.

0718 Digital Metering (1)
Review of standard metering practices; Q-hour metering; digital metering basics; magnetic tape systems
and translation; remote retrieval systems and translation.

0719 Digital Metering (2)
Methods of totalizing; installation design; troubleshooting and maintenance procedures; electronic metering;
future development and needs.

0720 Dealing With the Customer
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Customer relations: costs and benefits; principles, procedures and practices for dealing with difficult
customers and collection situations; current limiters: purpose, types installation, application; billing
complaints and disputed meters: estimating customer usage; procedures for determining if a meter is at
fault; testing a disputed meter; ground fault conditions.

Availability:
Video: English
DVD: English
MPEG: English

One-time additional copy available: Student Workbook Available per Module

Power Quality Series

Overview: This series is designed to aid in upgrading one’s technical knowledge and understanding of
power quality issues. The basic parameters of power quality, the problems caused by different types of
electrical equipment and ways of mitigating the problem are covered. The series is focused at the
technician/operator level.

4501 Power Quality Overview

Utility distribution systems, major equipment, primary/secondary subsystems; customer classifications,
industrial, commercial, residential; power quality issues, voltage sags & swells, harmonics, stray voltage,
flicker, excess neutral current; utility-customer interface.

4502 Causes of Power Quality Problems

Application of non-linear loads, adjustable speed drive, electronic ballasts, static var compensators, rotating
machines; utility system faults; motor starting; customer power factor, improvement capacitors, harmonic
magnification due to resonance; lightning and switching surges; proper wiring and grounding.

4503 Impact of Low Quality Power

Outage/malfunction of crucial equipment and processes; capacitor bank failure; overheating and accelerated
aging of equipment; telephone/tv/radio interference, electrical noise and flicker; metering and
instrumentation errors.

4504 Solution Methods for Power Quality Problems

Filtering techniques; uninterruptible power supplies; power conditioning equipment; detuning resonant
circuits; isolation & cancellation methods; transformer & ground connections; multi-phasing; surge
suppressors; fault clearing practices; power quality improvement methods.

4505 Utility and Customer Roles in Power Quality

Industry standards, harmonics, voltage surges & quality; monitoring and analysis, total harmonic distortion,
power quality monitoring equipment; site surveys, role of personnel, utility operators and engineers, utility
customer service representatives, customer representatives.

4506 System Grounding

Reasons for grounding, safety, operational concerns; grounding methods, effective & low impedance
grounding, high-impedance grounding, ungrounded systems; sub-station grounding, ground potential rise,
step & touch voltages, maximum allowable body current.

4507 Grounding of Premises & Equipment

Grounding arrangements, industry codes & practices, grounding points & electrode systems, bonding;
grounding generators and upa€™s, vulnerability to short circuit conditions, single & multiple generators
systems, connections to other power sources, emergency & standby units; grounding unit substations &
switching centers; grounding for static & lightning protection.

4508 Powering & Grounding of Electronic Equipment

Feeders & branch circuits, single phasing in 3-phase circuits, load balance, power factor; dedicated and
shared circuits, unwanted interaction; grounding for sensitive electronic equipment, insulated ground circuits,
signal reference grids, multi & single point grounds; surge & lightning protection; electrical distribution
equipment, dry-type transformers; mitigation techniques for variable frequency motors.
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4509 A Primer for Power Quality Testing & Inspection

Basic primer for power quality investigators; provides methods and guidance for hands-on power quality
work; reviews common test equipment; investigates techniques used in troubleshooting & repairing common
power quality problems wiring deficiencies, bonding, isolated grounds, computer loads, neutral current
harmonics, neutral sizing, transformer de-rating, common problems with the main building ground.

4510 Power Quality Case Studies

Neutral current harmonics, over-heating of neutrals & transformers; capacitor switching, impact on drives
and other electronic equipment; premises wiring problems, neutral to ground bonds, conduit grounding;
radiated noise, emi and emf effects on circuits and devices.

4511 Designing for Power Quality - Electronic Facilities

Electrical environment, load requirements, margins, effect of power factor & source impedance, power factor
improvement, power conditioners, mitigation of harmonics, noise transients, sags, moment Aries,
interruptions, interface with life-safety & communications, code compliance, neck Art. 645, grounding
requirements, design concepts, redundant systems.

4512 Designing for Power Quality - Industrial/ Commercial Facilities

System configurations, voltage drop, motor & drive design, factory automation, solid state starters,
interference (ri/emi), harmonic control, filters, transient protection, voltage sags & flicker, grounding,
uninterruptible approach, networking of ups, computer simulation & analysis.

Availability:
Video: English, Mandarin
DVD: English
MPEG: English, Mandarin
VCD: Spanish
CD-ROM: English

One-time additional copy available: Student Work-book Available per Module

Power System Harmonics Series

Overview: This series is designed to familiarize engineers in the utility and industrial sectors with the
fundamentals of harmonic distortion. The causes, systems parameters, operating conditions and equipment
related to harmonic distortion are examined. Emphasis is then shifted to problem analysis and
measurement, mitigation techniques and industry standards. The knowledge gained is then applied in some
actual case studies.

4801 Harmonics & Static Power Convertors
Introduction to Harmonics
Definition of harmonics
Characteristics of harmonic distortion
History of harmonic problems and solutions
Importance of understanding harmonic effects
Static Power Converter Theory
Single phase converters-full and half wave converters
Three-phase, six-pulse converter theory

4802 Sources & Effects of Harmonics
Harmonic Sources
Static power converters
Additional harmonic sources
Effects of Harmonics
Excitation of resonant circuits-effect of capacitor banks
Accelerated aging of equipment
Instrumentation and relaying
Computers and control equipment
Consumer appliances
Communications
Waveform and timing events
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4803 Analysis, Measurement & Mitigation Techniques
Harmonic Analysis and Measurement Tools
Computer programs available for harmonic analysis and prediction
Measurements of harmonic currents and voltages
Harmonic Mitigation Techniques
Design and application of filters
Multi-pulsing rectifiers
Cancellation by current injection and limitations
Surge and impulse protection
Flicker control with static var compensators
Telephone noise mitigation with harmonic shunt reactors

4804 Case Studies, Standards & Guidelines
Industry Standards
IEEE-519-a recommended practices and requirements for harmonic control in electric power systems
international standards
known equipment limitations
Planning/Designing to Minimize Harmonic Effects
Factors important to system planners and designers
Aadditional planning considerations
Case Studies in Harmonics
Case studies showing the effect and solutions to harmonic phenomena (56 minutes)

Availability:
Video: English
DVD: English
MPEG: English

One-time additional copy available: Reference Guide Available per Module.

Power System Operation Series

Overview: Upon completion of this series, the technician will understand the concepts and technology of
electric power system operation and dispatch. Particular attention is given to emergency situations and
system recovery.

5101 Review of Electrical Fundamentals |

Ohm's law, power and energy; energy and power calculations; ac voltage generation; ac power in resistive
circuits; rms value; effects of inductance and capacitance; power triangle; power factor; introduction to per
unit system and per unit calculations.

5102 Review of Electrical Fundamentals Il

Generator synchronism and frequency; three-phase circuits; balanced vs. unbalanced operation; voltage,
current and power relationships in three-phase systems; Wye and Delta connections; inductive and
capacitive circuits; impedance triangle and impedance calculation; voltage drop calculation.

5103 Elements of the Power System |

Introduction to power system components; generation: hydro, fossil, nuclear; components of a generator;
generator capability curve; power transmission: overhead lines, cable, ac vs. dc; electrical characteristics of
lines; pi-section representation of lines.

5104 Elements of the Power System Il

Transmission line and cable loading limitations, line charging; substations: purpose, layout, equipment,
busbar configurations, reliability; transformers: theory, types, cooling, taps, 3-phase connections; circuit
breakers: disconnects; surge arresters; capacitor banks; other equipment.

5105 Elements of the Power System I

System compensation; Ferranti effect; shunt reactors, shunt capacitors; series capacitors; static
compensators; protective relaying; types: overcurrent, directional, impedance, differential; load
characteristics; summary of tapes 3, 4 and 5.

5106 Steady - State Power Flow
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Power demand and supply; effect of load-generation imbalance on system frequency; load angle and its
relationship to power transfer capability; phase angle limits; consequences of exceeding phase angle limits;
power transfer; the per unit system and power equation.

5107 Power Flow Studies

Division of power flow; basic power flow principles in parallel circuits; load flow studies and case examples;
effect of phase-shifting transformers; effect of line outages; effect of generation outages; distribution factors;
re-distribution of power as system operation conditions change.

5108 Steady - State Voltage Control

Voltage ranges and standards; voltage control by generators; control by transformers; control by capacitors,
reactors, static var compensators; applications to transmission and distribution systems; voltage control
studies.

5109 Economic Operation |

Evaluating the system load, load curves and operating reserves; unit commitment; production cost;
economic dispatch calculation (edc); system lambda; base points, participation factors, losses and penalty
factors; system frequency control; turbine governor characteristics; governor set points; speed droop;
frequency control in isolated and interconnected systems.

5110A Economic Operation Il

Analysis and pricing of power interchange; actual net interchange (ani) vs. net interchange scheduled (nis);
multiple interchange; economy A and economy B transactions; basic operating principles of automatic
generation control; calculation of ace; agc in allocation of generation change; unit control modes.

5110B Economic Operation llI

Operating characteristics and types of hydroelectric plants; principles of economic scheduling of
hydroelectric plants; example and analysis of economic scheduling on a two unit hydro-thermal system;
scheduling techniques used on a full-sized power system; procedures used to develop economic operating
schedules for pumped storage plants.

5111 Constraints of Steady - State Operation

Equipment rating and loading limitations; MVA loading capability of system components; voltage and
frequency limitations; effect of overvoltages on system equipment; contingency assessment; definition and
types of contingencies; predicting overload/overvoltage problems; alleviating overload on network; use of
"G" and "D" factors.

5112 Dynamic System Performance Concepts

Steady state vs. dynamic state; system disturbances and examples; power angle equation; power angle
curves; stability limits; machine dynamic stability; equal area criterion; maintaining system stability; system
design and its effect on system stability; loss of synchronism; relays and restoration procedures.

5113 Equipment Response to Abnormal Conditions |

Normal and abnormal operating conditions; types of outages and operator action; definition and relationship
between system states (normal, alert and emergency); operation of turbine governors; division of load
changes; frequency regulation; relationship between governor and the AGC; governor response to sudden
loss of generation; boiler-turbine control system.

5114 Equipment Response to Abnormal Conditions |l

Voltage control using excitation; types and characteristics of excitation systems; voltage setpoints; high side
voltage control; transformer drop compensation; generator protection from over/under excitation; voltage
control during abnormal conditions; capacitor banks, shunt reactors; AGC operation during abnormal
conditions; operator control of AGC; phase shifter operation; load characteristics and LTC transformers;
introduction to relays; primary and backup relay schemes; types of relays and their function during abnormal
conditions.

5115 Power System Communications

Use of communications in power systems; voice communication between operators; data telemetry and
control; relay applications; types of power system communication (telephone, microwave, radio, carrier);
carrier signal concept; am/fm communication; multiplexing techniques; power line carrier function and
general configuration; coupling, filtering and blocking equipment; operating considerations.
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5116 Protective Relaying A & B

Relay fundamentals; operating principles of overcurrent, distance, differential and pilot wire relays;
philosophy of relay protection; relay application schemes; remote backup, local backup and breaker failure
relaying; application of overcurrent and distance relays; pilot relaying, load shedding relays, out-of-step
blocking and tripping relays.

5117 Normal Operating Hazards and Safety A & B

Boiler and turbine loading limitations; boiler differential expansion; turbine rotor stresses; cold/hot starts;
procedures for unit loading; examination of electrical and thermal stresses on system equipment;
overvoltages and operator action; load rejection; series line switching and reclosing; sequence of switching
series lines; synchro-check; single pole reclosing; effect of overvoltages on transformers and surge
arresters; implementing clearance procedures; hazards associated with isolation equipment malfunction;
supervisory and metering systems; methods of checking data.

5118 Emergency Conditions

Types of metered data available in control room; frequency indication of abnormal conditions; turbine off-
frequency limits; interchange variation during emergencies, internal vs. external disturbances, interpreting
combination of indications, diagnosis of problem based on metered data; operator actions during severe
overload, sagging voltage conditions, severe load-generation unbalance, falling frequency; effect of
sectionalization, implementation of reserves, load shedding.

5119 Recovery from Major Disasters

Overview of restoration process; sectionalization; cold load pickup, types of load, inrush due to load pickup,
preventing tripping due to inrush; generator loading and frequency control; black start, islands,
synchronization; voltage control during restoration; voltage limits, causes of high and low voltage, means of
controlling voltage.

5120 System Operating Manual

Structure of NERC manual; AGC control action; details of ACE calculation; frequency bias setting; time error
correction; inadvertent interchange and compensation guidelines; control performance criteria; reliability
guidelines; generation, transmission reserves; emergency transfer capability; emergency operating
practices; operator training; control center facilities; backup power supplies.

Availability:
Video: English, Spanish
MPEG: English, Spanish
VCD: English

One-time additional copy available: Student and Instructor’s Guide per Module

System Protection Technology Series

Overview: This series will train personnel on the principles of protection systems, including different
schemes used in the protection of: generators, buses, transmission and distribution lines, transformers,
motors, etc.

2101 Elements of System Protection

Philosophy and objectives of system protection; zones of protection; faults; tolerable and intolerable faults;
reading electrical diagrams; relay performance; analysis of incidents; correct and incorrect operation;
reliability, selectivity, and speed.

2102 Types of Protective Relays
The differential principle; instantaneous and time over current relays; directional relays; distance relays;
MHO relays; reactance relays; backup protection.

2103 Monitoring System Conditions

Current transformers; effect of burden; saturation effects; voltage transformers; VT connections; polarity;
voltage polarization; current polarization; directional sensing; circuit and phase diagrams; phase rotation; per
unit calculations; MVA fault capacity.
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2104 Fault Characteristics
Types; symmetrical components; fault phase; system grounding; high and low impedance; solid grounding;
ferro resonance; safety grounding.

2105 Generator Protection

"Mechanical" protection; faults; tripping arrangements; primary protection; backup protection; negative
sequence protection; generator capability curve; loss of field protection; system disturbances; under
frequency, over current, reverse power, under voltage; off-line protection; over voltage; synchronizing.

2106 Transformer Protection

Types of faults; over current protection; backup; primary fuses; differential protection; in-rush current;
phasing of CTs; calculation of mismatch; connection of multiple restraint coils; zero-sequence protection;
directional protection; remote transfer tripping; thermal relays; reactor protection.

2107 Bus Protection

Typical bus arrangements; single breaker - single bus; single buses connected with bus tie; main and
transfer buses with single breaker; single breaker double bus; double breaker double bus; ring bus; breaker-
and-a-half bus; transformer-bus combination; differential protection for buses; ground-fault bus.

2108 Motor Protection

Potential hazards; motor characteristics; general protection; phase fault protection; differential protection;
ground fault protection; thermal limits; locked rotor protection; system unbalance; under voltage; bus transfer
and reclosing; repetitive starts and jogging protection; synchronous motors; unbalanced conditions; current
time curves; motor applications, voltage levels; torque curves-speed, slip stall.

2109 Line Protection

Classification; techniques; protection coordination; setting and coordination; instantaneous over & nbsp;
current; instantaneous trip application for a loop system; short-line applications; network and spot network
systems; distance protection; ground fault protection; distance vs. over current; directional sensing;
polarizing problems with auto transformers; dual polarization; ground directional sensing with negative
sequence; mutual coupling; mutual induction; fault resistance; long EHV series compensated; backup -
remote, local and breaker failure.

2110 Pilot Protection

Classification; communication channels; transfer trip pilot-wire; directional comparison blocking and
unblocking pilot systems; overreaching and under reaching transfer trip pilot systems; phase comparison
systems; single pole-selective pilot systems.

2111 Protection for System Stability

Power transmission; steady-state and transient operation and stability; system swings; out-of-step detection;
automatic line reclosing; distribution feeder reclosing; reclosing with transformers or reactors; automatic
synchronizing; load shedding.

2112 Testing & Commissioning of Protective Schemes

Construction diagram review and installation check; preparation of relays, review setting instructions; CT
and VT tests; VT and CT secondary wiring checks; relay calibration; functional testing; primary and
secondary injection tests; bus equipment visual check; coordination with dispatcher; primary phasing test,
phase angle checks; in-service readings on protection circuits, on-load and at zero load; revise drawings
and operating instructions.

2113 Power Line Carrier

L-C line traps, parallel resonance; high Q and low Q traps; wide band traps; coupling capacitor grounding
equipment; line tuning equipment; impedance matching; reflectivity; signal loss attenuation; examples of dB
loss; hybrid units; transmitter and receiver tests and adjustments; special test equipment; audio signals,
frequency band; SSB carrier equipment and features.

2114 Fault Investigation & Analysis

Need for investigation; reporting; capturing information; relay targets; oscillograms; digital transient
recorders; selection of data to be monitored; dispatcher's log, operating instructions; sequence of event
recorders; case studies - faults and subsequent analysis; interpretation of data.

65



2115 Introduction to Static Relaying
Solid-state devices; solid-state circuitry; advantages, relay applications; calibration; comparison; solid-state
protective schemes; digital protection schemes.

2116 Coordinating of Protection Devices

The theory and procedures used to coordinate various protective devices in power systems; fuses - function
and operation; fuse ratings; melting time and damage curves; fuse coordination; reclosers and sectionalizes;
coordination with over current relays; overall system coordination; protection coordination in industrial
installations; co-generation coordination.

2117 Power Supply for Protection and Control Systems

Need for un-interruptible power supply, batteries - types, characteristics, construction; battery care and
maintenance; DC distribution - security, redundancy; battery chargers; AC/DC rectification; inverters; un-
interruptible AC.

2118 Energy Center Operations

Elements of the power system; generation, transmission, distribution; system control, frequency control; the
load curve, economic dispatching; spinning reserve, load shedding; automatic generation control;
interconnections; planned outages; system response to interruptions; cascade tripping.

2119 Telecommunications Protection (HVSP Devices)

Usage of wire lines; routing; effect of power system faults on telephone lines; longitudinal common mode
induction; GPR-ground potential rise; remote ground and local ground; high voltage hazards; location of
demarcation interface; standard protection; air gap arresters; carbon block, gas tube, solid-state protectors
and limitations; voltage clamping; mutual drainage reactor; high voltage special protection; neutralizing
transformer and reactor; isolation transformers; relay for DC signals; safety precautions; optical isolators:
tucon fiber optic link; fiber optic cable.

2120 Telecommunications Protection Il (Configuration & Installation)

Types of service; SPO classification; voltage rise; protection requirements for different SPO classifications
and voltage rise; HVSP configurations for different circuits; location of protection devices; selection and
limitations of protectors; grounding arrangements at TELCO, RDL, HVI; grounding or isolating dedicated
cable shield; PVC conduit; cable to network interface; surge arrester connections; isolation transformers as
MDR; location and mounting of HVI cabinet; grounding at conductors, protection of unassigned pairs,
connection of secondary windings; installation of isolating transformer, HVI layout, terminal strips, ground
bus, remote side wiring, station side wiring, cable connections; connection of protectors and MDR's; circuit
identification and documentation; modular HVI; installation pitfalls; maintenance and inspection; safety
considerations.

2121 Supervisory Control System

Basic features; remote data collection, transmission, processing, display; remote control; polling; RTU
inputs, outputs, reporting and data collection; analog points, transducers, analog digital conversion; control
commands - select - check - operate sequence; modems, signal transmission; FSK, PSK, A.M.; rate of
signal transmission; communication line arrangements; master assembly and peripherals; memory; clock;
communications controller; display computer, stations, operator input; standby station; CPU priority tasking;
on-line diagnostics; operator interface and input; alarm system - logging and reports; troubleshooting;
preventive maintenance; functional tests.

2122 Inadvertent Trips - Cause and Prevention

National guidelines and strategies; types of tests, calibration, functional, in-service; why test, when to test,
confirming performance; impact of testing, specifications, tolerance; inadvertent trips; station awareness and
attention to detail; pre-test checklists, work permits, performing tasks; safety, system reliability and security;
cause of false trips; different relay and breaker failure relays.

2123 Fault Calculations and Relay Settings

Fault characteristics; voltage source; impedance to fault; per unit impedance; conversion of ohm to per cent
Z; balanced fault MVA & fault current; impedance addition - operator 'J'; substitution of complex circuits by
equivalent circuits; unbalanced fault components; characteristics of symmetrical components; positive
negative & zero sequence; addition of sequence components-operator 'A'; sequence impedances;
unbalanced fault calculations; factors affecting relay settings (60 minutes)
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2124 Testing Techniques

Effective measurement of voltage and current; analog and digital meters; current peaks; conductor
resistance; insulation resistance; frequency measurements; bandwidth; dB signal strength; timers; phase
angle measurement; using the oscilloscope; sources of test signals; digital test sets; safety precautions for
test personnel.

2125 Programmable Logic Controllers

Process logic, logic diagrams; compact industrial PLC's; rack mounted PLC's; types of memory, RAM, ROM,
EPROM; CPU operation, scanning time; input and output signals, input and output interfaces; external
programming modules; coding instructions, programming functions; extended PLC networks; distributed
control systems.

Availability:
Video: English
CD-ROM: English
MPEG: English
DVD: English

One-time additional copy available: Student and Instructor's Guide Available per Module
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