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	Title
	Operating Personnel Training


	
	Policy 8 — Operating Personnel and Training:

Section B — Training



	Purpose
	Each Reliability Authority, Transmission Operator, and Balancing Authority needs to provide their personnel with a coordinated training program that will ensure reliable system operation.



	Effective Date
	February 8, 2005



	Applicability
	1. Reliability Authority.

2. Balancing Authority.

3. Transmission Operator.


	Requirements
	R1
[Policy 8B 1.] Each Reliability Authority, Transmission Operator, and Balancing Authority shall have a training program for all operating personnel that are in:

a)
[Policy 8C 1.1] Positions that have the primary responsibility, either directly or through communications with others, for the real-time operation of the interconnected Bulk Electric System.

b)
[Policy 8C 1.2] Positions directly responsible for complying with NERC standards.

R1.1
For such personnel, the Reliability Authority, Transmission Operator, and Balancing Authority shall provide a training program meeting the following criteria:

a)
[Policy 8B 1.1] A set of training program objectives must be defined, based on NERC and Regional Reliability Organization standards, entity operating procedures, and applicable regulatory requirements.  These objectives shall reference the knowledge and competencies needed to apply those policies, procedures, and requirements to normal, emergency, and restoration conditions for the Reliability Authority, Transmission Operator, and Balancing Authority operating positions.

b)
[Policy 8B 1.2] The training program must include a plan for the initial and continuing training of Reliability Authority, Transmission Operator, and Balancing Authority operating personnel that addresses required knowledge and competencies and their application in system operations.

c)
[Policy 8B 1.3] The training program must include training time for all Reliability Authority, Transmission Operator, and Balancing Authority operating staff to ensure their operating proficiency.

d)
[Policy 8B 1.4] Trainers must be identified, and they must be individuals competent in both knowledge of system operations and instructional capabilities.

e)
[P8T3 Note 1.5] The training program must be designed to consider elements of Attachment 031-1 that apply to each specific Reliability Authority, Transmission Operator, and Balancing Authority operating position.



	
	R1.2
[P8T3 Note 2.] For such personnel, each Reliability Authority, Transmission Operator, and Balancing Authority shall provide its operating personnel at least five days per year of training and drills in system emergencies, using realistic simulations.



	Measures
	M1
[P8T3] The Reliability Authority, Transmission Operator, and Balancing Authority operating personnel training program shall be reviewed to ensure that it is designed to promote reliable operation.



	Regional Differences


	None Identified.

	Compliance Monitoring Process
	[P8T3] Periodic Review: The Regional Reliability Organization will conduct an on-site review of the Reliability Authority, Transmission Operator, and Balancing Authority operating personnel training program every three years.  The operating personnel training records will be reviewed and assessed compared to the program curriculum.

Self-certification: The Operating Authority will annually provide a self-certification based on the requirement 1 and 2.

Reset Period: One calendar year

Data Retention: Three years.



	Levels of Non Compliance
	[P8T3]

Level 1 — N/A.

Level 2 — The Reliability Authority, Transmission Operator, and Balancing Authority operating personnel training program does not include all five criteria under Requirement 1.

Level 3— All of the Reliability Authority, Transmission Operator, and Balancing Authority have not completed Criterion 2 of Requirement 1.

Level 4 — A Reliability Authority, Transmission Operator, and Balancing Authority operating personnel training program has not been developed.




Attachment 031–1

Suggested Elements of Operating Personnel Training Programs

The following outline includes suggested items for inclusion in a training programs for operating personnel.  This outline is intended to be a comprehensive listing to be utilized by interconnected systems in designing training courses to meet the specific needs of system operating personnel.  Actual course content for any given trainee will depend upon the trainee’s background, job responsibilities, organizational requirements, its existing program, and its training objectives, among others.

Each operating entity should periodically practice simulated emergencies.  The scenarios included in practice situations should represent a variety of operating conditions and emergencies.  Operating entities should include disturbance reports and reports of other unusual occurrences in their training programs.

Prerequisite Fundamental Knowledge

1) Concepts of DC and AC voltage and current.

2) DC and AC power calculations.

3) Three-phase AC power systems.

4) Peak and RMS voltage relationship.

5) Line-to-ground and line-to-line voltages in an AC system.

6) Relationships between power, voltage, current, and impedance in an AC and in a DC system.

7) Concept of active, reactive, and complex AC power and the vector relationship between the components of power.

8) Concept of AC impedance and the vector relationship between the components of impedance.

· Resistance

· Inductive reactance

· Capacitive reactance

9) Impact on total impedance of connecting impedance in series and in parallel.

10) Concept of phase angle.

11) Concept of power angle.

12) Concept of power factor.

13) Fundamentals of generator operation.

· Basic theory of operation

· Concept of torque angle

· Generators as the source of frequency

· Governor control systems

· Droop and deadband

· Excitation control systems

· Voltage regulators

· Combustion control systems

· Advantages and disadvantages of different types of units

14) Fundamental theory and operation of key power system equipment.

· Power transformers

· Tap changers

· Transformer connections

· Wye

· Delta

· Instrument transformers

· CTs

· PTs

· Transmission lines

· Conductors and towers

· Switching devices

· Circuit switchers

· Disconnect switches

· Arc-quenching devices

· Circuit breakers

· DC tripping circuits

· Telecommunication equipment 

· Protective relays 

· Voltage regulators

· Shunt capacitors and reactors

· Series capacitors and reactors

· Static VAr compensators

· HVDC system basic concepts

· Meters

15) Purpose and function of NERC and the Regional Councils.

16) Purpose and function of the NERC Operating Policies.

17) Purpose and function of the Regional Operating Policies.

18) Distinction between NERC Standards, Requirements, Guides, and References.

B.
Generation Control and Performance

Fundamental Knowledge

1) Energy balance concept.

2) Concept of stored energy.

· Including the energy stored in the rotating mass (inertial) and the energy stored in the electric and magnetic fields of the power system

3) Load/frequency relationship.

· 1% change in frequency leads to approximately a 1% change in the total load magnitude

4) Need for operating reserves.

5) Automatic usage of operating reserves following system disturbances.

6) Governor control process in a generating unit.

7) Concept of an Interconnection and its relationship to frequency.

8) Concept of the division of the Interconnection into control areas.

9) Concept of operating the power system to withstand the single most severe contingency.

Terms
1) Interconnection.

2) Operating reserve.

3) Contingency reserve.

4) Spinning reserve.

5) Non-spinning reserve.

6) Regulating reserve.

7) Reserve sharing group.

8) Load forecasting.

9) Forced outage.

10) Load diversity.

11) Regional Council.

12) Subregion.

13) Interruptible load.

14) Disturbance control standard (DCS).

15) Contingency.

16) Most severe single contingency.

17) Control area.

18) Area control error (ACE).

19) Automatic generation control (AGC).

20) Jointly owned generation.

21) Dynamic schedules.

22) Pseudo-ties.

23) Disturbance condition (as defined in the DCS).

Concepts
1) Maintain acceptable levels of operating reserve to withstand probable contingencies.

2) Automatic use of operating reserves following contingencies.

3) Relation between governor control systems and spinning reserve.

· Not all spinning reserve is governor responsive

4) Impact of governor settings on a generator’s MW response to a disturbance.

· Droop, deadband, etc.

5) Monitor generating plant status to ensure correct generation levels and reserve margins.

6) Monitoring the 10-minute recovery of ACE after a disturbance condition in order to conform to the DCS.

7) Reestablishing operating reserve levels following the use of operating reserves.

8) Understanding the purpose and application of dynamic schedules.

· As pertaining to load and/or generation

NERC Standards and Guidelines
1) Relation between NERC, Regional, Subregional, etc. operating policies and procedures.

2) Rules for maintaining adequate levels of operating reserves.

3) Rules for the division of operating reserve into its components.

· Spinning, non-spinning, contingency, regulating, etc.

· Typically 50% of operating reserve is spinning

4) Rules for the use of interruptible load as a component of operating reserve.

5) Rules for the use of a reserve sharing group to fulfill operating reserve requirements.

· Purpose and function of the disturbance control standard (DCS)

6) Rules for the division of a generator’s spinning reserve when the unit is jointly owned.

7) Adjustment of contingency reserve following failure to comply with the DCS.

C.
Automatic Generation Control

Fundamental Knowledge
1) Theory and operation of an AGC system.

2) Understanding of the components of the ACE equation.

3) Working knowledge of the theoretical response of tie-line bias control to an internal and external control area generation disturbance.

· For an external disturbance, a control area will not develop an ACE, if its bias is exact

4) Need for regulating reserve and its description as a subset of spinning reserve.

5) Need for a manual assist to the AGC process.

6) Possible impacts of HVDC flows on the energy balance and frequency control process.

Terms
1) Interchange.

2) Actual net interchange.

3) Scheduled net interchange.

4) Inadvertent interchange.

5) Actual frequency.

6) Scheduled frequency.

7) Metering error.

8) Frequency bias.

9) ACE equation

· ACE = (NIA – NIS) - 10ß (FA – FS)  – IME.

· For the ERCOT Interconnection:

· ACE = (NIA - NIS) + 10ß (FA - FS)
(Note ERCOT uses a “+10(” term)

1) Frequency regulation.

2) Control performance standards (CPS).

3) Overlap regulation service.

4) Supplemental regulation service.

5) HVDC system.

6) Governor control system.

7) Security limits.

8) Generator AGC control status.

· On or off regulation

9) Generator AGC response mode.

· Baseload, emergency assist, etc.

10) Generator load limiters.

· To intentionally restrict a unit’s response.

11) Response rate.

Concepts

1) Concept of the metered boundaries of a control area.

2) Recognize the two primary duties of a control area.

· Minimize interchange error

· Assist with the Interconnection’s frequency regulation

3) How net interchange error and/or frequency error drives the ACE magnitude and the control area’s generation response.

4) How to assume manual control of a control area’s generation following the loss or misoperation of the AGC system.

5) How to suspend AGC when control actions are adverse to system security.

6) Identifying and monitoring the units that are responsive to AGC commands.

7) Importance of distributing AGC control among as many units as possible.

8) Consequences of inadequate generation under AGC control.

9) How joint control units are utilized in the AGC process.

10) Monitoring the performance of the generator’s governor control system to ensure adequate and timely response.

11) Monitoring the performance of the control area’s AGC system to ensure ACE is accurate and within reasonable bounds.

12) The application of CPS1 and CPS2 standards.

· Maintaining ACE within the bounds defined by the CPS

13) Understanding the impact of dynamic schedules on the AGC process.

14) Why to adjust and how to adjust a generator’s AGC control status.

· On or off control

15) When to change and how to adjust a generator’s AGC control mode.

· Baseload, emergency assist, etc.  (Many different names given to these modes of control)

NERC Standards and Guidelines

1) Difference between overlap and supplemental regulation service.

2) Suspending AGC if frequency deviation exceeds ±0.2 Hz.

3) Purpose of the control performance standards.

· CPS1 and CPS2

· See the Performance Standard Training document in the NERC Operating Manual for details on the CPS and DCS

4) Typical data scan rates (minimum of 4 seconds) for an AGC system.

D.
Frequency Response and Bias

Fundamental Knowledge
1) Meaning of a % droop (governor setting).

2) Meaning of a governor deadband.

3) Purpose of the three common AGC control modes and the circumstances under which each might be used.

4) Components of frequency bias including governor response and the load/frequency relationship.

5) Relation between frequency bias and a system’s natural response (frequency response characteristic-FRC).

· FRC changes with changing system conditions

· The two may be intentionally different

Terms
1) Frequency response characteristic (FRC).

2) Frequency bias setting.

· Fixed bias setting

· Variable bias setting

3) AGC control modes.

· Constant frequency control

· Constant interchange control

· Tie-line bias control

4) Governor droop.

5) Governor deadband.

6) Valve position limits

· For steam control valves, etc.

Concepts
1) Operate the control area’s AGC equipment as required to maintain adequate generation control.

· Every control area’s equipment is somewhat different

2) Monitor AGC performance and, when necessary, change AGC control modes.

3) Impact of various AGC control modes on the generation control process

· Constant frequency ignores interchange error

· Constant interchange ignores frequency error

4) Importance of maintaining AGC in the tie-line bias control mode.

· When to use other AGC control modes

5) Methods and reasons for proportioning the bias setting of those jointly owned units that use dynamic schedules or pseudo-ties.

· For those jointly owned units that use fixed schedules, the host control area for the jointly owned unit counts all of the unit’s governor response in its frequency bias

6) Impact of the provision of supplemental and/or overlap regulation on all involved control areas’ frequency bias settings.

NERC Standards and Guidelines
1) Methods for determining a control area’s frequency bias.

2) Review frequency bias setting and report it to NERC at least once a year.

3) Rules for the minimum values of frequency bias settings.

· 1% of peak load or

· 1% of maximum generation level

4) Rules for the installation of governor control systems.

· Most units over 10 MW

5) Governors should provide a 5% droop.

6) Governor deadband setting no greater than ±.036 Hz.

E.
Time Control

Fundamental Knowledge
1) Relationship between accumulated frequency error and time error.

2) Concept of time error control.

· Intentional errors to eliminate past unintentional errors

Terms
1) Scheduled frequency.

2) Accumulated time error.

3) Time error correction.

4) Interconnection (time error) monitor.

5) Regional (time error) monitor.

6) Time correction offset.

· Frequency or schedule offset

7) Automatic time error correction.

Concepts
1) Understanding of process in which Interconnection time error monitor determines accumulated time error by comparing time signal based on system frequency to a time signal received from the National Bureau of Standards.

2) Understanding of process in which the Interconnection time error monitor initiates time error corrections, working through any Regional time error monitors in the Interconnection.

3) Respond when asked to perform time error corrections.

· Eliminate accumulated time error by intentionally creating time error in the opposite direction

4) Adjust accumulated time error (if desired) prior to restoring ties to the Interconnection.

· Either correct time error before restoring ties or adjust accumulated time error to the same value as the larger system after ties are restored

5) Understand the consequences of a control area not participating in a time error correction.

· Inadvertent accumulation

· Diminishes time error correction effect

NERC Standards and Guidelines
1) Time error limits are established for Interconnection reliability.

· Time error limits are not intended solely to correct time error

2) Time error corrections should start and end on the hour or half hour.

3) Offsets for time error correction:

· Frequency offset is ±0.02 Hz

· Schedule offset is 20% of the frequency bias setting

4) Interconnection time error monitors shall periodically issue an actual time error notification (accurate to within 0.1 second) to all Regional time error monitors.

5) Regional time error monitors shall issue an hourly accumulated time error notification accurate to within 0.1 second.

6) Acceptable accumulated time error limits for the different Interconnections are listed in Appendix 1D.

F.
Performance Standard

Fundamental Knowledge

1) The purpose of and theory behind the new CPS.

· A new NERC Tutorial on the CPS is now available from NERC

2) New CPS is a technically defensible standard.

· Old control performance criteria were based on operating experience and not technically justified

· Major weakness in old criteria was their failure to recognize the impact of ACE on the Interconnection’s frequency

3) CPS1 standard encourages control areas to keep their ACE small and in such a direction that it helps eliminate Interconnection frequency errors.

4) CPS2 standard sets a limit on the magnitude of ACE in order to discourage excessive tie-line flows.

Terms
1) Disturbance Control Standard (DCS).

· Time limits for recovering from a disturbance condition

· Disturbance condition is defined in the DCS standard

2) Control Performance Standard 1 (CPS1).

· Statistical measure of a control area’s ACE variability

· CPS1=(2-Compliance Factor) x 100%
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3) Control Performance Standard 2 (CPS2).

· Sets bounds on the magnitude of a control area’s ACE

· Bounds stated as ±L10
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4) Epsilon (e).

· Epsilon is the acceptable frequency error

· Both 1 minute and 10 minute averages of epsilon are used in the CPS1 and CPS2

Concepts
1) Monitor ACE in combination with the Interconnection’s frequency error to ensure compliance to the CPS1 standard.

2) Monitor the magnitude of ACE to ensure it stays within the ±L10 bounds to ensure compliance with the CPS2 standard.

3) Following a system disturbance, restore ACE to zero or its pre-disturbance value within 10 minutes to ensure compliance with the DCS standard.

NERC Standards and Guidelines

1) The Disturbance Control Standard (DCS) sets a 15-minute time limit on the restoration of a control area’s ACE following a disturbance condition.

2) Compliance with the CPS requires 100% compliance with CPS1 and 90% compliance with CPS2.

3) Compliance with the DCS requires meeting the DCS 100% of the time.

4) Each control area shall continually compute (for each one-minute period) their control parameters.

5) Control parameters are used to compute the control area’s compliance factor.

6) Compliance factors are used to determine the control area’s CPS1 conformance percentage.

7) Control areas must report their compliance level to the CPS on a monthly basis.

· Data survey called Performance Standard Surveys

8) DCS compliance data is reported quarterly.

· Data survey called Disturbance Control Standard Surveys.

G.
Inadvertent Interchange

Fundamental Knowledge
1) Causes of inadverten.t

· Inadvertent is sometimes desirable

2) Primary or unintentional inadvertent main causes are metering and scheduling errors and AGC lag.

3) Secondary or intentional inadvertent main cause is governor response.

Terms
1) Inadvertent interchange.

· Primary or unintentional inadvertent

· Secondary or intentional inadvertent

2) Accumulated inadvertent.

· On-peak conditions

· Off-peak conditions

3) Inadvertent payback.

· Bilateral payback

· Unilateral payback

· Payback “in-kind”

4) Tie-line metering.

5) Metering errors.

Concepts
1) AGC tie-line metering must be continually checked to identify metering errors.

· Metering errors will lead to inadvertent accumulations

2) Verify scheduled interchange totals as needed.

3) Monitor the magnitude of the ACE value and adjust generation as needed to keep ACE small and minimize inadvertent accumulations.

4) Track on-peak and off-peak inadvertent interchange accumulations and perform inadvertent payback as required.

5) Continually verify the accuracy of AGC tie-line metering by comparing the control area’s hourly MWh meter readings with integrated AGC tie-line meter totals.

6) Adjust AGC equipment “compensation” setting to account for known metering errors.

· Consult with all impacted control areas prior to making any adjustments

7) Recognize the difference between primary and secondary inadvertent.

· Metering error is a major source of primary inadvertent

· Governor response is a major source of secondary inadvertent

NERC Standards and Guidelines
1) Each control area shall submit a monthly summary of their inadvertent interchange accumulations to NERC.

H.
Transmission Operations

Fundamental Knowledge
1) Equipment ratings can be due to thermal limits, angle stability limits, voltage limits, etc.

· Thermal limits are due to current flow

· The current flow delivers the MVA at the operating voltage

· Angle stability limits are either transient or oscillatory stability limits

· All types of angle stability limits are imposed to prevent the loss of the “magnetic bond” that holds the system together

· Voltage limits may be to prevent a localized low voltage problem or to prevent an area wide low voltage problem (voltage collapse)

2) Meaning of the term “condition”.

· Normal condition

· Abnormal condition

· Emergency condition

Terms
1) Transmission security.

· Differentiate between transmission security and transmission reliability

2) Reliability Coordinators.

3) Operating security limits.

· Thermal

· Angle stability

· Voltage magnitude and/or voltage stability

4) Equipment ratings.

· Typically thermal but may be voltage related

5) Load shedding.

· To prevent low voltage and/or low frequency

6) Planned outages.

7) Forced outages.

8) Host control area.

· As used here, indicates control area in which a facility is physically located

9) Transmission interface.

· Recognized interface point between sending and receiving areas

10) Transmission service requests.

11) Transmission switching.

12) Protective relay targets.

13) Oscillograph.

14) Restoration.

15) Voltage stability.

16) Voltage collapse.

Concepts
1) Responsibilities of any designated Reliability Coordinators.

2) Monitor transmission system elements to ensure equipment ratings are not exceeded.

3) Coordinate forced and planned outages with all impacted systems.

· Perform switching as required to ensure safety and security

· Coordinate switching with all impacted parties

4) Respond to operating limit violations in order to relieve the facility overload.

5) When appropriate, initiate manual load shedding to relieve an abnormal condition.

6) Analyze a request for transmission service and respond as required to ensure transmission system security.

7) Recognize the conditions that indicate an impending voltage collapse and respond as required.

8) Recognize the conditions that may indicate a pending system separation and respond as required.

9) Evaluate a request for a transmission line outage.

· For a simple system, predict power flow on one of several paths once a specified path is taken out of service

10) Purpose and function of protective relays.

NERC Standards and Guidelines
1) Every Region, Subregion, or interregional security group shall establish one or more Reliability Coordinators to continually assess transmission system security and coordinate emergency operations among its control areas.

2) Planned transmission system outages shall be coordinated with all systems affected.

I.
Voltage and Reactive Control

Fundamental Knowledge
1) Relation between reactive power flow and voltage.

2) Voltage square relationship to a shunt capacitor’s MVAr production and a shunt reactor’s MVAr absorption.

3) Natural capacitance of a high voltage transmission line.

4) Concept of Ferranti voltage rise and Ferranti voltage rise relationship to line length and source bus strength.

5) Theory of voltage stability and voltage collapse.

· In a voltage stable system, power flow and voltage levels are controllable.  Opposite is true in a voltage unstable system

· Voltage instability may lead to a voltage collapse

· When a voltage collapse occurs, an area-wide reactive power deficiency leads to a collapse of system voltage

6) Importance of maintaining adequate reactive reserve.

7) Difference between dynamic reactive reserve and static reactive reserve.

· Manually switched shunt capacitors are static reactive reserve

· Generators, synchronous condensers, SVCs, are dynamic reactive reserve

8) Use of generator reactive capability curves.

9) Use of the terms “leading” and “lagging”.

10) Understand the concept of transmission line charging and its relation to voltage control.

11) Theory and application of power system stabilizers (PSS).

· PSS is an electronic device installed in a generator’s excitation system

· Purpose of PSS is to help dampen low frequency power oscillations

Terms
1) Generator reactive capability.

· Lagging/overexcited

· Leading/underexcited

2) Static VAr compensator.

3) Synchronous condenser.

4) Transmission line charging.

5) Voltage regulator.

6) Power system stabilizers.

· Dampen oscillations

7) Ferranti voltage rise.

8) Reactive dispatch.

9) Reactive reserves.

· Dynamic

· Static

Concepts
1) Relationship between reactive power flow and system voltage levels.

2) Monitor transmission system voltage levels to ensure voltages stay within acceptable bounds.

· Actual, scheduled, and nominal voltage levels

3) Monitor and control reactive power flows to ensure transmission security and acceptable voltage levels.

· Ensure that the reactive power flows on tie-lines are within allowable ranges

· Note unusual reactive power flows that may indicate unstable system voltages and/or voltage collapse

4) Recognize the voltage squared (V2) impact on capacitive and inductive (reactor) resources.

· Basis for “getting ahead of the voltage”

5) Operate reactive equipment to maintain adequate voltages.

· Reactive equipment includes shunt capacitors, shunt reactors, transformers, generators, SVCs

· HVDC systems and series capacitors may also be used to control reactive power flow

6) Monitor reactive reserve levels to ensure adequate amounts available to withstand probable contingencies.

· Difference between dynamic and static reactive reserves

· Location of reactive reserves are critical as it is difficult to transmit reactive power long distances

· Restore adequate reactive reserve levels following the use of reactive reserves

7) Monitor generator excitation systems to ensure adequate field excitation.

· Ensure voltage regulators are in automatic mode of operation if at all possible

8) Procedures for removing transmission lines as a voltage control tool.

9) Purpose of power system stabilizers (PSS) and possible consequences if PSS are out-of-service.

10) Reasons for testing the reactive capability of dynamic reactive resources.

· Ensure reactive power is rapidly available when it is needed

· “Nameplate” reactive power of a generator is often quite different than available reactive power of a generator

NERC Standards and Guidelines
1) Maintain adequate levels of reactive power reserves.

2) Test reactive capability of dynamic reactive resources.

3) Maintain adequate field excitation when a unit is on manual voltage regulation.

J.
Interchange

Fundamental Knowledge
1) Concept of interconnected operations services (IOS) or ancillary services.

· IOS or ancillary services are “services” that were formerly bundled with the product (electric energy/capacity) suppliers sold their customers

· In the new operating environment, the product will be broken down into all of its components

· Suppliers may sell electric energy/capacity plus a host of services including operating reserves, scheduling services, voltage control, frequency regulation, etc.

Terms
1) Terminology for interchange transactions.

· Interchange, schedule, transaction

· Arrange, assess, conform, implement

· Arranging

· Done by the PSE

· Assessing

· Approval or denial

· Done by the control areas

· Confirming

· Done by the control areas

· Implementing

· Done by the control areas

· Incorporate transaction into their AGC interchange schedules

2) Interconnected operations services (IOS).

· Sometimes called ancillary services

· Different systems address IOS in different ways

3) Sending control area.

4) Receiving control area.

5) Intermediary control area.

6) Purchasing-selling entity (PSE).

7) Ramp time.

8) Ramp duration.

9) Curtailment.

10) Tagging procedures.

11) Interregional security network (ISN).

12) Terminology for stating the transfer capability.

· Total transfer capability (TTC)

· Available transfer capability (ATC)

Concepts
1) Assess requests for, or changes to, an interchange transaction and approve or deny based on:

· Available transfer capability

· Applicable reliability criteria

· Condition of power system

· Adequacy of IOS

2) Arrange for the necessary IOS for each interchange transaction as requested and/or required by NERC, Regional, or other reliability entity’s procedures.

3) Confirm an interchange transaction by verifying following between sending, receiving, and any intermediary control areas:

· Magnitude of transaction

· Transmission path for transaction (if required)

· Start time

· End time

· Ramp duration

· Note that mismatched ramps will lead to frequency deviations

· Responsibilities for operating reserve

· Terms for interruption for IOS

4) Implement an interchange transaction by:

· Making required adjustments to the AGC system’s interchange schedules

· Monitoring the ramp rate and duration

· Monitoring transaction start and end times

5) Continually monitor the available transfer capability at recognized interfaces and curtail transmission service as required to ensure transmission security.

· Coordinate the interruption of transmission service with all implemented interchange transactions

6) Record all necessary data to ensure a complete record of all interchange transactions and transmission service agreements.

K.
Monitoring System Conditions

Fundamental Knowledge
1) Importance of system frequency and its relationship to the system’s overall health.

· Disturbances and frequency deviations

· Role of inertia

· Role of governor response

2) Relationship between frequency deviations and voltage phase angle separation.

3) Relation between angle stability and voltage phase angle difference.

4) Relationship between reactive power flow, voltage magnitudes, and transformer tap adjustments.

5) Use of an EMS/SCADA system.

6) Methods used to determine power transfer limits.

· Thermal limits

· Voltage limits

· Voltage stability limits

· Angle stability limits

7) Use of an accurate time source (satellite, etc.) to determine a system “standard” time.

8) Need to coordinate voltage schedules to minimize reactive power flows and ensure adequate voltage levels.

· Reactive power flow relation to voltage levels and system losses

9) Relationship between voltage levels and angle and voltage stability.

Terms
1) Load forecasting.

2) Phase angle.

· Power angle

· Voltage phase angle difference

3) Standard time.

4) Voltage schedules.

Concepts
1) Measures of system strength.

· Voltage levels

· Power flow levels

· Power angle (voltage angle difference)

· Dynamic reactive reserve margins

2) Utilize available load forecasting tools to predict near term load patterns.

3) Identify system separation points following a major disturbance.

· Identify abnormal MW and MVAr flows

· Identify abnormal voltages

· Awareness of typical separation points

· Use of multiple frequency recorders to determine boundaries of islands

4) Monitor available generation as compared to system requirements, respond as required with generation changes.

· Generator ramp rates

· Generator thermal limitations

· Generator fuel constraints

· Generator environmental restrictions

5) Utilize operating knowledge and available tools to continually evaluate system susceptibility to probable contingencies.

· Usage of tools

· Knowledge of published operating limits

L.
Operational Security Information

Fundamental Knowledge
1) Purpose and operation of the Interregional Security Network (ISN).

2) What is included in “Electric System Security Data”  (Appendix 4B).

· Transmission data such as line loadings

· Generator data such as unit outputs and ratings

· Operating reserve data

· Interchange data

· ACE and frequency

3) Distinction between normal and emergency conditions.

Terms
1) Standards of Conduct.

· See Appendix 4B

2) System condition.

· Normal

· Emergency

3) ISN.

4) Electric System Security Data.

· Information used for analyzing the operational security of the Interconnection

5) Reliability Coordinator.

· Any entity responsible for the operational security of one or more control areas

Concepts
1) Utilize the ISN to send and receive Electric System Security Data.

2) Knowledge of what operating entity is responsible for transmission system security.

· Role of any Reliability Coordinator

3) Actions necessary to conform to the Standards of Conduct.

4) Conditions under which Standards of Conduct may be suspended.

5) Reasons for suspending Standards of Conduct.

6) Communication methods and procedures with other control centers.

NERC Standards and Guidelines
1) Purpose and content of NERC’s “Confidentiality Agreement for Electric Systems”. (Appendix 4B)

M.
Outage Coordination

Fundamental Knowledge
1) Applicable switching methods and procedures.

2) Applicable outage scheduling procedures.

3) Factors that impact active and reactive power flow.

· Generation dispatch

· Transmission line switching

· Load location and level

· Voltage levels

· Special equipment

· PST, series capacitors, etc.

4) Purpose and function of voltage control equipment.

· Reactors

· Capacitors

· Generators

· Excitation systems

· Synchronous condensers

Concepts

1) Factors that must be considered when planning (and implementing) scheduled outages of transmission or generation equipment:

· System security

· Personnel safety

· Transfer capability

2) Consequences on overall system protection when protective relaying systems (or telecommunication systems) are removed for maintenance.

3) Knowledge of who must be informed when planning outages of equipment.

· Internal company notifications

· External notifications (other control centers, etc.)

4) Use of tools that assist with the outage scheduling process.

· Dispatcher power flow

5) Use of generation re-dispatch to adjust system power flows and allow a scheduled outage to proceed.

6) Use of transmission switching to adjust system power flows and allow a scheduled outage to proceed.

N.
System Protection Coordination

Fundamental Knowledge
1) Fundamentals of system protection.

· Purpose of relays and relay schemes

· Limitations of relays and relay schemes

· Types of relays used in the transmission system

· Under/over voltage relays

· Overcurrent relays

· Timed

· Instantaneous

· Directional

· Differential relays

· Bus

· Transformer

· Transmission line (fiber optic)

· Distance relays

· Pilot protection schemes

· Directional comparison schemes

· Telecommunication systems

· Synchronizing relays

· Auxiliary relays

· Lockout relay

· Tripping relay

· UFLS

· UVLS

· IEEE numbering system (87, etc.)

· Types of relays used in generating stations

· Differential

· Loss of excitation

· Thermal

· Negative sequence

· Volts-per-hertz

· Underfrequency tripping

· Concept of zones of protection

· Coordination of relay schemes

· Typical protective relay applications

· Telecommunications requirements for protection systems

· Purpose and function of special protection systems

Terms
1) Special protection systems. 

2) Protection coordination.

3) Automatic reclosing.

4) Single-pole tripping.

· Different type of relays (See above)

Concepts
1) Knowledge of protective systems.

· Typical protection applications

· Bus protection

· Transformer protection

· Transmission line protection

· Synchronizing systems

· Generator protection

· Expected system protective relay response to abnormal conditions

2) Following operation of a tie-line’s protective relays, communicate with other party to determine cause of protective operation.

· Types of relays used

· Interpreting relay targets

· Determination of whether a manual reclose should be attempted

3) Knowledge of application of special protection schemes.

· Transfer tripping schemes

· Generator dropping (rejection, runback, etc.) schemes

O.
Coordination with Other Systems

Fundamental Knowledge
1) Theory and application of underfrequency load shedding (UFLS) relays.

· All systems have rules for UFLS relay application

· Basically, shed load to arrest the frequency decline

· In some systems the relays are programmed first to shed load and then to automatically restore the load if the frequency rises to a set value

· Problems with automatic load restoration relays during disturbances

· Uncoordinated UFLS programs can lead to large power swings, large voltage deviations, and cascading outages

2) Theory and application of undervoltage load shedding (UVLS) relays.

· UVLS is a tool for preventing a voltage collapse

· UVLS used to be uncommon, but there are now many UVLS programs in operation

3) Use of voltage reduction as a load shedding tool.

· In general spinning (motor) type load magnitude is sensitive to frequency deviations while non-spinning (resistive, etc.) type load magnitude is sensitive to voltage deviations.  A general rule is that a 5% reduction in customer voltage will lead to about a 3% reduction in load magnitude.  (This is only a rule of thumb. Effects of voltage on load will vary.)

· Reduce the customer’s voltage, not the transmission system voltage

Terms
1) Operating emergency.

2) UFLS.

3) UVLS.

4) Emergency assistance.

Concepts
1) If an emergency condition is anticipated or experienced, communicate key information to surrounding systems.

2) If a neighboring system anticipates or is experiencing an emergency condition, make known your available assistance as soon as possible.

3) Following the operation of UFLS or UVLS relays, coordinate the restoration of load with neighboring control centers.

· Emphasize the coordination point, systems must not restore without a coordinated plan of operation

4) Given a sustained low frequency condition, utilize manual load shedding to restore frequency.

· May also need to use manual load shedding if deficient in operating reserves

5) Initiate emergency assistance procedures as required.

· Every control area has procedures for sharing emergency assistance with other control areas

· Emergency assistance may be in the form of capacity, energy, or both capacity and energy

6) Utilize voltage reduction as a load management tool.

P.
Emergencies

Fundamental Knowledge
1) When a system suffers a generation loss, the stored energy in the Interconnection immediately supplies replacement energy.

· This causes the Interconnection’s frequency to drop

· Systems must not rely on the Interconnection’s assistance for too long a period as the Interconnection must be ready for the next possible disturbance

· Procedures for obtaining/delivering emergency assistance

· Emphasize emergency assistance must be scheduled

Terms
1) Capacity emergency.

2) Interconnection’s frequency bias.

3) Phase shifter.

Concepts
1) Disregard financial aspects when anticipating or experiencing a capacity emergency.

2) If unable to achieve a balance between resources and load, manually shed load to restore ACE to an acceptable value.

3) Steps to take to avoid and/or eliminate a capacity emergency:

· Start all available generation

· Postpone maintenance

· Purchase capacity and/or energy

· Call for emergency assistance

· Shed load

4) Given a major system disturbance, monitor power flows on tie-lines and voltages on key buses to ensure transmission security.

· May need to reduce schedules to relieve tie-line flows

5) When an operating limit violation occurs, steps must be immediately taken to relieve the operating limit violation.

6) Load shedding is a powerful tool to use to relieve a stressed system.

7) Prior to performing switching to cure an emergency condition, notify any systems that may be impacted by the switching.

8) Methods to use to cut schedules.

· For example, an order of progression when cutting schedules

NERC Standards and Guidelines
1) A deficient system shall use the Interconnection’s frequency bias only for the time period needed to:

· Utilize operating reserve

· Analyze its ability to recover using its own resources

· Obtain emergency assistance from other systems

2) If a system is not experiencing a capacity deficiency, unilateral action by that system to restore frequency to normal is forbidden.

· If a system is deficient and is unable to eliminate the deficiency, the system must call for emergency assistance

· Do not help unless asked

3) Each system operator with transmission security responsibilities shall be given the operating authority required to alleviate operating security limit violations.

Q.
Separation from the Interconnection

Fundamental Knowledge
1) Importance of remaining interconnected.

· Dangers inherent when operating as an islanded system

· The more spinning mass, the more stable the frequency

2) Concept of using generation adjustments to impact system frequency and phase angle to allow resynchronizing.

3) Process of synchronizing.

· Matching frequency, voltage magnitude, and voltage phase

· Use of a synchroscope

· Operation of synch-check relays

4) Operating limits for generation.

· Across what range of frequency can a generator safely operate?

· Across what range of voltage can a generator safely operate?

Terms
1) Resynchronizing.

Concepts
1) Methods used to resynchronize two systems.

· Importance of communications between all parties impacted by the resynchronizing

2) Use of load shedding as a tool to allow resynchronizing.

· One system may have a low frequency with no available generation

3) Use of load shedding as a tool to prevent voltage collapse.

· Type of load to shed

· In general, shed load with a high MVAr usage as this will most help voltage levels

4) During disturbance conditions, monitor generator conditions and initiate generator removal if the units are exposed to unsafe operating conditions.

· If possible, separate generators with local load or with their own auxiliaries

· This will greatly increase the speed of system restoration

5) Disable AGC if the system’s operation is harming system security.

· For example, AGC may be pulsing units down during a low frequency condition

6) Be aware of generator off-normal frequency tripping relay settings.

· Also be aware of any delayed trip settings

NERC Standards and Guidelines
1) If a system determines that it is endangered by remaining interconnected, it may take such action as it deems necessary to protect its system.

R.
System Restoration

[Reference the Electric System Restoration document in the NERC Operating Manual]

Fundamental Knowledge

1) Use of customer load during a restoration process.

· At first, load is used as a tool to stabilize the system

· Eventually the focus of the restoration switches from stabilizing the system to restoring the customer load

2) Dangers of energizing long high-voltage lines during a system restoration.

· Must have enough MVAr absorption capability on-line to control system voltages

· Especially dangerous to energize long high voltage cables due to their high natural capacitance

3) Techniques for controlling frequency during a system restoration.

· May start with frequency slightly above 60 Hz before restoring blocks of load

· Limit the amount of load to restore in any one block to no more than a certain percentage of the available generation

· For example, page 18 of the NERC restoration document states that load should be added in blocks no greater than 5% of the total synchronized generating capacity

4) Principal of cold load pick-up.

Terms
1) Restoration.

2) Blackout.

3) Black-start.

4) Black-start plan.

5) Black-start unit.

6) Island.

7) Cold-load pick-up.

Concepts
1) Purpose and content of any applicable Black-start plans.

2) Importance of communication during a system restoration.

3) Load restoration priorities.

· Nuclear power plants

· Other power plants

· Critical loads

4) Use of the AGC system during a restoration event.

· When to activate AGC

· Use of the different AGC modes

· AGC control versus governor control

5) Methods used to adjust schedules following loss of tie-lines.

· Coordinate schedule cuts with all impacted control areas

· If tie-lines are lost, it is likely schedules must be cut

· Relationship between incorrect schedules and frequency deviations

6) Maintaining the demand to generation balance during a system restoration.

· Hold frequency close to 60 Hz

7) Maintaining a VAr balance during a system restoration.

· Excessive VAr supply will lead to high voltages

· VAr balance may be more difficult than the MW balance

NERC Standards and Guidelines
· Importance of restoring power to nuclear power plants

· Importance of restoring power to oil-filled pipe-type cables

S.
Disturbance Reporting and Sabotage Reporting

Terms

1) Sabotage.

NERC Standards and Guidelines
1) Follow applicable procedures and report incidents of sabotage to proper authorities.

T.
Planning for Normal Operations 
Fundamental Knowledge

1) Fundamentals of the unit commitment process.

· Economic dispatch process for thermal units

· Equal incremental cost

· Dispatch process for hydro based systems

2) Basic understanding of the methods used to conduct power system studies.

· Software packages used to simulate system behavior

· Results accurate only for the conditions studied

· Studies are used in combination with actual operating data (flows, voltages, actual disturbance results, etc.) to set operating limits

3) Fundamentals of the load forecasting process.

· Impact of temperature, wind, sun, humidity, etc.

Terms
1) Operating Plan.

2) Operations planning.

3) Operating studies.

4) Unit commitment.

Concepts
1) Adjust short term load forecasts based on actual system weather conditions.

· Adjust unit commitment and dispatch order as required

2) Monitor weather forecasts and respond as required to severe weather forecasts.

· Use of any applicable storm restoration plans

3) Continually review potential impacts of key outages and ensure system is prepared if such an event were to occur.

· Use of operating tools such as a contingency analysis package

U.
Planning for Emergency Operations 

Fundamental Knowledge
1) Addressed in earlier policies.

Terms
1) Line-loading relief procedures.

2) Backup control center.

3) Emergency operating plan.

Concepts
1) Knowledge of current equipment operating limits.

2) Knowledge of equipment (transmission lines, etc.) identification systems.

· For example, circuit identifiers for tie-lines

3) Implement (and monitor the results of) line loading relief procedures in order to reduce the power flow on a facility that has violated its operating limits.

· Ensure that most effective methods of reducing equipment overloads are employed

4) Given a system emergency, implement provisions of emergency operating plans.

5) Monitor the generation supply and take whatever measures are required to achieve adequate generation levels.

· Switch fuel sources

· Remove environmental restraints

· Appeals to customers to start-up alternate generation sources

6) Activate emergency load reduction plans.

· Appeals for public load reduction

· Use of voltage reduction

· Use of interruptible and/or curtailable loads

· Use of manual load shedding

7) Be prepared to operate system from a backup facility in case of loss of the primary control center facility.

V.
Planning for Automatic Load Shedding

Fundamental Knowledge
1) Addressed in earlier Policies.

2) Differences in operating strategies when operating as part of a large Interconnection and when operating as part of a smaller island.

Terms
1) Automatic isolation plan.

Concepts
1) Monitor system frequency and respond to the activation of UFLS and generator off-normal frequency tripping relays.

· Evaluate current conditions

· Stabilize frequency

· Ensure adequate operating reserves

· Restore system in coordination with neighboring system

2) Monitor system voltage and respond to the activation of UVLS schemes.

· Evaluate current conditions

· Stabilize voltage

· Ensure adequate reactive power reserves

· Restore system in coordination with neighboring systems

3) When conditions require, activate any applicable automatic isolation plans.

· Automatic isolation plans are permissible if isolating from the main system helps both the Interconnection and the system to be isolated

W.
Planning for System Restoration

Fundamental Knowledge
1) Addressed in earlier Policies.

Terms
1) Restoration plan.

Concepts
1) Participate in drills to practice the use of a system restoration plan.

· Consider impact of restoration actions on system protection

· Ensure restoration is coordinated with neighboring systems

· Be knowledgeable of preplanned and back-up synchronizing locations

2) Participate in drills to practice the black-start capability of black-start designated generators.

3) Utilize a synchroscope to re-synchronize.

4) Utilize backup telecommunications systems when primary systems fail.

5) Following a major system break-up, operate SCADA master trip points if so provided.

X.
Telecommunications

Fundamental Knowledge
1) Types of telecommunication systems.

· Microwave

· Satellite

· Fiber optic

· Power line carrier (PLC)

· Radio

· Telephone

2) Basic theory and impact of solar magnetic storms.

· Solar storms can induce low frequency currents in the surface of the earth

· These low frequency currents can damage power transformers and lead to tripping of transformers, capacitors, and other equipment

· Every control area receives warnings on the likelihood of disturbances to the earth’s magnetic field

· K and A indices

Terms
1) Interregional Security Network (ISN).

2) Solar magnetic disturbances (SMD).

3) Eastern Interconnection Hotline.

4) Regional Hotlines and Message Systems.

5) Telemetry.

Concepts
1) Utilize telecommunications facilities to effectively communicate with required personnel and/or systems.

· Use of radio procedures

2) Assist with the regular testing of all telecommunications channels.

· Voice channels

· SCADA

· AGC channels

· Protection channels

3) Respond to the loss of a protective relaying system’s telecommunications to ensure adequate protection is provided.

4) Utilize backup telecommunication systems when appropriate

5) NERC Standards and Guidelines

6) Exclusive telecommunications channels shall be provided between the system control center and the control centers of each adjacent system
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