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ERCOT

Operating Guide Revision Task Force Special Meeting

ERCOT MET Center Room 168
Austin, Texas

June 21, 2005  10:00 - 16:00

AGENDA

ANTITRUST ADMONITION

ERCOT strictly prohibits market participants and their employees who are participating in ERCOT activities from using their participation in ERCOT activities as a forum for engaging in practices or communications that violate the antitrust laws.  The ERCOT Board has approved guidelines for members of ERCOT Committees, subcommittees and working Groups to be reviewed and followed by each market participant attending ERCOT meetings.

1. OGRR:
· 154 – Generator Protection Requirements:  Describes the operating conditions under which generators should stay connected.

NERC REFERENCE MATERIAL

Compliance Templates
III.  System Protection and Control

NERC Planning Standards
C.  Generation Control and Protection
Introduction

Generator excitation and prime mover controls are key elements in ensuring electric system stability and reliability.  These controls must be coordinated with generation protection to minimize generator tripping during disturbance-caused abnormal voltage, current, and frequency conditions.  Generators are the primary method of electric system dynamic voltage control, and therefore good performance of excitation equipment (exciter, voltage regulator, and, if applicable, power system stabilizer) is essential for electric system stability.  Prime mover controls (governors) are the primary method of system frequency regulation.

Generator control and protection must be planned and designed to provide a balance between the need for the generator to support the interconnected electric systems during abnormal conditions and the need to adequately protect the generating equipment from damage.  Unnecessary generator tripping during a disturbance aggravates the loading conditions on the remaining on-line generators and can lead to a cascading failure of the interconnected electric systems.

Accurate data that describes generator characteristics and capabilities is essential for the studies needed to ensure the reliability of the interconnected electric systems.  Protection characteristics and settings affecting electric system reliability must be provided as requested.

Brief Description
Operation of all synchronous generators in the automatic voltage control mode.

Category


Documentation

Section


III.   System Protection and Control  


C.   Generation Control and Protection

Standard

S1.
All synchronous generators connected to the interconnected transmission systems shall be operated with their excitation system in the automatic voltage control mode (automatic voltage regulator in service and controlling voltage) unless approved otherwise by the transmission system operator.

Measurement
M1.
Transmission system operators shall have procedures requiring synchronous generator owners/operators to provide the following information to them, the Region, and NERC on request (five business days):

a. Summary reports showing the number of hours each synchronous generator did not operate in the automatic voltage control mode during a specified time period, and

b. Detailed reports of the date, duration, and reason for each period when a synchronous generator was not operated in the automatic voltage control mode.

The procedures shall require the generator owner/operator to retain the above information for 12 rolling months.

The procedures shall also specify criteria by which generators are to be exempt from the above requirements. 

Applicable to
Transmission system operators.

Items to be Measured

Documentation of procedures for reporting when a synchronous generator is operated without automatic voltage control equipment in service.

Timeframe
On request (five business days).

Levels of Non-Compliance 
Level 1

Transmission system operator has procedures for synchronous generator owners/operators to follow but they do not include all of the requirements of above Measurement M1.

Level 2

Not applicable.

Level 3

Not applicable.

Level 4

Transmission system operator has no procedures for synchronous generator owners/operators to follow to report generator operation in the non-automatic voltage control mode.

Compliance Monitoring Responsibility 

Regions.
Brief Description
Operation of all synchronous generators in the automatic voltage control mode.

Category


Data

Section


III.   System Protection and Control  


C.   Generation Control and Protection

Standard

S1.
All synchronous generators connected to the interconnected transmission systems shall be operated with their excitation system in the automatic voltage control mode (automatic voltage regulator in service and controlling voltage) unless approved otherwise by the transmission system operator.

Measurement

M2.
Each synchronous generating unit shall be operated in the automatic voltage control mode unless otherwise approved by the transmission system operator. 


Each synchronous generator owner/operator shall provide to the transmission system operator, the Region, and NERC, on request (30 business days), information on the operation of the synchronous generator’s excitation system according to the transmission system operator’s procedures for synchronous generators as defined in Measurement III.C. S1, M1.

Applicable to
Generator owner/operator.

Items to be Measured

Information on the operation of synchronous generators in the non-automatic voltage control mode as defined in Measurement III.C. S1, M1.

Timeframe

On request (30 business days).

Levels of Non-Compliance 

Level 1
Reports indicate incidents of synchronous generator operation without automatic voltage control for a total of less than 8 unit-hours, without permission from the transmission system operator. 


Level 2

Reports indicate incidents of synchronous generator operation without automatic voltage control for a total of less than 16 unit-hours, without permission from the transmission system operator. 




Level 3


Reports were incomplete, or indicate incidents of synchronous generator operation without automatic voltage control for a total of less than 24 unit-hours, without permission from the transmission system operator. 




Level 4


Reports on the requested information were not provided, or indicate incidents of synchronous generator operation without automatic voltage control for a total of 24 unit-hours or more, without permission from the transmission system operator. 

Compliance Monitoring Responsibility 

Regions.

Brief Description

Generator operation for maintaining network voltage schedules.
Category
Data
Section
III.   System Protection and  Control  

C.   Generation Control and  Protection

Standard

S2.
Synchronous generators shall maintain a network voltage or reactive power output as required by the transmission system operator within the reactive capability of the units.  Generator step-up and auxiliary transformers shall have their tap settings coordinated with electric system voltage requirements. 

Measurement

M3.
Each transmission system operator shall specify a voltage or reactive schedule to be maintained by each synchronous generator at a specified bus and shall provide this information to the generator owner/operator.  Documentation of the information provided to the generator owner/operator shall be provided to the Region and NERC on request (five business days). 


Each transmission system operator shall maintain a list of synchronous generators that are exempt from the requirement of maintaining a network voltage or reactive schedule.  The list of exempt generators shall be made available to the Region and NERC on request (five business days). 

Applicable to

Transmission system operator/owner.

Items to be Measured
Documentation of the voltage or reactive schedule provided to synchronous generator owners/operators.

List of exempt synchronous generators.

Timeframe

On request (five business days). 
Levels of Non-Compliance 
Level 1

Not applicable.

Level 2

An incomplete list of exempt synchronous generators was provided.

Level 3

Incomplete documentation of the requested voltage or reactive schedule was provided.

Level 4

No documentation of the voltage or reactive schedule was provided.

Compliance Monitoring Responsibility

Regions. 

Brief Description

Generator operation for maintaining network voltage schedules.
Category
Data

Section
III.   System Protection and  Control  

C.   Generation Control and  Protection

Standard

S2.
Synchronous generators shall maintain a network voltage or reactive power output as required by the transmission system operator within the reactive capability of the units.  Generator step-up and auxiliary transformers shall have their tap settings coordinated with electric system voltage requirements. 

Measurement

M4.
Synchronous generator owners/operators shall maintain the voltage or reactive output as specified by the transmission system operator, unless otherwise approved by the transmission system operator. 


When requested by the Region and NERC, the synchronous generator owner/operator shall provide (30 business days) a log that specifies the date, duration, and reason for not maintaining the established voltage or reactive power schedule, along with approvals for such operation received from the transmission system operator. 

Applicable to

Generator owner/operator.

Items to be Measured

Log of date, duration, and reason for each specified period when the synchronous generator did not maintain the established network voltage or reactive power schedule, with documentation of any approvals for such operation received from the transmission system operator. 

Timeframe

On request (30 business days). 
Levels of Non-Compliance 

Level 1

Logs indicate incidents of synchronous generator operation off the voltage or reactive schedule for a total of less than 8 unit-hours, without permission from the transmission system operator. 

Level 2

Logs indicate incidents of synchronous generator operation off the voltage or reactive schedule for a total of less than 16 unit-hours, without permission from the transmission system operator. 


Level 3

Logs of synchronous generator operation off the voltage or reactive schedule were incomplete, or the logs indicate incidents of operating off the voltage or reactive schedule for a total of less than 24 unit-hours, without permission from the transmission system operator. 


Level 4


Logs of synchronous generator operation off the voltage or reactive schedule were not provided, or the logs indicate incidents of operating off the voltage or reactive schedule for a total of 24 unit-hours or more, without permission from the transmission system operator. 

Compliance Monitoring Responsibility

Regions. 

Brief Description
Tap settings of generator step-up and auxiliary transformers.
Category
Documentation

Section
III.   System Protection and Control

C.   Generation Control and Protection

Standard

S2.
Synchronous generators shall maintain a network voltage or reactive power output as required by the transmission system operator within the reactive capability of the units.  Generator step-up and auxiliary transformers shall have their tap settings coordinated with electric system voltage requirements. 

Measurement

M5.
The transmission system operator shall have procedures requiring synchronous generator owners/operators to provide tap settings, available tap ranges, and impedance data for generator step-up and auxiliary transformers.  When tap changes are necessary, the transmission system operator shall provide the generator owner/operator with a report that specifies the required tap changes and technical justification for these changes. The procedures for reporting the data shall also address generating unit exemption criteria (including any that may apply to nuclear units) and shall require documentation of those generating units that are exempt from a portion or all of these reporting requirements. 


Documentation of these procedures shall be provided to the Region and NERC on request (five business days).

Applicable to

Transmission system operator.

Items to be Measured

Procedures for reporting synchronous generator step-up and auxiliary transformer tap settings and available tap ranges.

Timeframe

Procedures on request (five business days). 

Levels of Non-Compliance 

Level 1


Procedures exist but do not include all the requirements as defined in above Measurement M5.


Level 2


Not applicable.


Level 3


Not applicable.


Level 4

Procedures were not provided.

Compliance Monitoring Responsibility

Regions. 

Brief Description
Tap settings of generator step-up and auxiliary transformers.
Category
Data

Section
III.   System Protection and Control

C.   Generation Control and Protection

Standard

S2.
Synchronous generators shall maintain a network voltage or reactive power output as required by the transmission system operator within the reactive capability of the units.  Generator step-up and auxiliary transformers shall have their tap settings coordinated with electric system voltage requirements. 

Measurement

M6.
A synchronous generator owner/operator shall provide the tap settings and the available tap ranges and impedance data for generator step-up and auxiliary transformers to the transmission system operator, the Region, and NERC on request (five business days). 


A generator owner/operator shall change tap positions according to the procedures provided by the transmission system operator within a mutually agreed upon time frame as defined in Measurement III.C. S2, M5.

Applicable to

Generator owner/operator.

Items to be Measured

Reporting of tap settings, available tap ranges, and impedances for generator step-up and auxiliary transformers.

Timeframe

On request (five business days). 

Levels of Non-Compliance 

Level 1

Report does not include all the information requested as defined in Measurement III.C. S2, M5.

Level 2

Not applicable.

Level 3

Not applicable.


Level 4

Report on tap settings, available tap ranges, and impedances for generator step-up and auxiliary transformers was not provided, or report indicates generator owner/operator did not change tap settings as requested by the transmission system operator during the mutually agreed upon time frame. 

Compliance Monitoring Responsibility

Regions. 

Brief Description
Generators performance during temporary excursions in frequency, voltage, etc.
Category


Documentation

Section


III.   System Protection and Control

C.   Generation Control and Protection

Standard

S3.
Temporary excursions in voltage, frequency, and real and reactive power output that a generator shall be able to sustain shall be defined and coordinated on a Regional basis. 
Measurement

M7.
The Regions shall  establish requirements for generators to remain interconnected during temporary excursions in voltage, frequency, and real and reactive power output. These requirements shall include generator exemption criteria.


Documentation of these excursion requirements shall be available to the transmission system operator and NERC upon request (30 business days). 

Applicable to
Regions.
Items to be Measured
Requirements for withstanding temporary excursions in voltage, frequency, and real and reactive power output of a generator.
Timeframe

On request (30 business days).

Levels of Non-Compliance
Level 1

Documentation of Regional requirements provided does not address all three generator parameters (voltage, frequency, or real and reactive power output).

Level 2

Not applicable.

Level 3

Not applicable.

Level 4

Documentation of Regional requirements was not provided.

Compliance Monitoring Responsibility
NERC.

Brief Description
Coordination of generator controls with the generator’s short-term capabilities and protective relays.
Category


Data

Section


III.   System Protection and Control  

C.   Generation Control and Protection

Standard

S4.
Voltage regulator controls and limit functions (such as over and under excitation and volts/hertz limiters) shall coordinate with the generator’s short duration capabilities and protective relays.
Measurement

M8.
Generator owners/operators shall provide the Region, the transmission system operator, and NERC, as requested (30 business days), with information that ensures that the generator voltage regulator controls and limit functions (such as over and under excitation and volts/hertz limiters) coordinate with the generator’s short-term capabilities and protective relays, unless exempted by the Region. 

Applicable to

Generator owner/operator.

Items to be Measured

Information indicating coordination of generator voltage regulator controls and limit functions with the generator’s short-term capabilities and protective relays.

Timeframe
On request (30 business days).

Levels of Non-Compliance

Level 1


Information on generator voltage regulator controls and limit functions and their coordination with the generator’s short-term capabilities and protective relays was provided, but was incomplete in one or more areas.


Level 2


Not applicable.


Level 3


Not applicable.


Level 4


Information on generator controls and their coordination with the generator’s short-term capabilities and protective relays was not provided.

Compliance Monitoring Responsibility
Regions.

Brief Description
Speed/load governing system.
Category


Data

Section


III.   System Protection and Control  

C.   Generation Control and Protection

Standard
S5.
Prime mover control (governors) shall operate with appropriate speed/load characteristics to regulate frequency.

Measurement

M9.
Generator owners/operators shall provide the Region, the transmission system operator, and NERC as requested (30 business days) with the characteristics of the generator’s speed/load governing system. Boiler or nuclear reactor control shall be coordinated to maintain the capability of the generator to aid control of system frequency during an electric system disturbance. Non-functioning or blocked speed/load governor controls shall be reported to the Region, the transmission system operator, and NERC on request (30 business days). 

Applicable to

Generator owner/operator.

Items to be Measured
Documentation of the characteristics of the generator’s speed/load governing system and notification of blocked speed/load governor controls.
Timeframe
On request (30 business days).

Levels of Non-Compliance

Level 1


Information on the generator’s speed/load governing system was provided but did not include all the requirements as defined above in Measurement M9.


Level 2


Not applicable.


Level 3


Not applicable.


Level 4


Information on the generator’s speed/load governing system was not provided.

Compliance Monitoring Responsibility

Regions.

Brief Description
Regional procedure on generator protection operations.

Category


Documentation

Section


III.   System Protection and Control

C.   Generation Control and Protection

Standard

S6.
All generation protection system  misoperations shall be analyzed for cause and corrective action.
Measurement

M10.
Each Region shall have in place a procedure for the monitoring, review, analysis, and correction of generation protection system operations.  


The procedure shall require that misoperations be analyzed for cause and that corrective actions be implemented.  (Each Region shall define misoperations.)  The procedure shall also require that a record of such analysis and corrective actions be maintained and be provided to the Region and NERC on request (five business days).


The Regional procedure shall include the following elements:

1.
Requirements for monitoring, analysis, and notification of all generation protective device misoperations.

2.
List of the data reporting requirements (periodically and format).

3.
Requirements for analysis and documentation of corrective action plans for misoperations.

4.
Periodicity of review of the procedure by the Region.

5.
Identification of the Regional group responsible for the procedure and the process for Regional approval of the procedure.

6.
Regional definition of misoperation.

Applicable to
Regions.

Items to be Measured

Procedure for monitoring, review, analysis, and correction of all generator protection operations.

Timeframe

On request (five business days).
Levels of Non-Compliance

Level 1 


The Regional procedure does not address all the requirements as defined above in Measurement M10.


Level 2


Not applicable.


Level 3


Not applicable.


Level 4

The Regional procedure was not provided.

Compliance Monitoring Responsibility

NERC.

Brief Description

Analysis of misoperations of generator protection equipment.

Category


Documentation and implementation
Section


III.   System Protection and  Control

C.   Generation Control and Protection

Standard

S6.
All generation protection system misoperations shall be analyzed for cause and corrective action.
Measurement

M11.
Generator owners/operators shall analyze protection system operations and report and maintain a record of all misoperations in accordance with Regional procedures in Measurement III.C. S6, M10.  Corrective actions shall be taken to avoid future misoperations. 


Documentation of the analysis and corrective actions shall be provided to the affected Regions and NERC on request (30 business days). 

Applicable to

Generator owner/operator.

Items to be Measured
Documentation of protection misoperations, analyses, and corrective actions.

Timeframe

On request (30 business days).

Levels of Non-Compliance 
Level 1

Documentation of generator protection system misoperations was provided but does not address all identified misoperations or does not provide a record of corrective actions taken for all identified misoperations.

Level 2 

Documentation of generator protection system misoperations was provided but was lacking one of these three elements:  (a) a complete record of misoperations for the time and place requested, (b) an analysis of all misoperations, and (c) a record of corrective actions taken.

Level 3

Documentation was provided but was lacking two of these three elements: (a) a complete record of misoperations for the time and place requested; (b) an analysis of all misoperations; (c) a record of corrective actions taken.

Level 4

No documentation of generator protection system misoperations was provided. 

Compliance Monitoring Responsibility

Regions.

Brief Description
Maintenance and testing of generator protection systems.

Category


Documentation and implementation

Section


III.   System Protection and Control

C.   Generation Control and Protection

Standard
S7.
Generation protection system maintenance and testing programs shall be developed and implemented.
Measurement
M12.
Generator owners/operators shall have a generator protection system maintenance and testing program in place.  This program shall include protection system identification, frequency of protection system testing, and frequency of protection system maintenance.


Documentation of the program and its implementation shall be provided to the appropriate Regions and NERC on request (30 business days). 

Applicable to
Generator owner/operator.

Items to be Measured
Documentation and implementation of generator protection system maintenance and testing program.

Timeframe

On request (30 business days).

Levels of Non-Compliance

Level 1 

Documentation of the maintenance and testing program was provided, but records indicate that implementation was not on schedule.


Level 2 

Documentation of the maintenance and testing program was incomplete, but records indicate implementation was on schedule.


Level 3


Documentation of the maintenance and testing program was incomplete, and records indicate implementation was not on schedule.


Level 4


No documentation of the maintenance and testing program or its implementation was provided. 

Compliance Monitoring Responsibility
Regions.

III.
System Protection and Control

C.
Generation Control and Protection

G1.
Power system stabilizers improve damping of generator rotor speed oscillations. They should be applied to a unit where studies have determined the possibility of unit or system instability and where the condition can be improved or corrected by the application of a power system stabilizer.  Power system stabilizers should be designed and tuned to have a positive damping effect on local generator oscillations and on inter-area oscillations without deteriorating turbine/generator shaft torsional oscillation damping.

G2.
Generators and turbines should be designed and operated so that there is additional reactive power capability that can be automatically supplied to the system during a disturbance. 

G3.
Generator control and protection should be periodically tested to the extent practical to ensure the generator plant can provide the designed control, and operate without tripping for specified voltage, frequency, and load excursions. Control responses should be checked periodically to validate the model data used in simulation studies.

G4.
New or upgraded excitation equipment should consider high initial response, as inherent in brushless or static exciters. 

G5.
Generator step-up transformer and auxiliary transformers should have tap settings that are coordinated with electric system voltage control requirements and which do not limit maximum use of the reactive capability (lead and lag) of the generators.

G6.
Prime mover control (governors) should operate freely to regulate frequency. In the absence of Regional requirements for the speed/load control characteristics, governor droop should generally be set at 5% and total governor deadband (intentional plus unintentional) should generally not exceed +/– 0.06%.  These characteristics should in most cases ensure a coordinated and balanced response to grid frequency disturbances.  Prime movers operated with valves or gates wide open should control for overspeed/overfrequency. 

G7.
Prime mover overspeed controls to the extent practical should be designed and adjusted to prevent boiler upsets and trips during partial load rejection characterized by abnormally high system frequency.

G8.
Generator voltage regulators to the extent practical should be tuned for fast response to step changes in terminal voltage or voltage reference.  It is preferable to run the step change in voltage tests with the generator not connected to the system so as to eliminate the system effects on the generator voltage.  Terminal voltage overshoot should generally not exceed 10% for an open circuit step change in voltage test.

G9.
New or upgraded excitation equipment to the extent practical should have an exciter ceiling voltage that is generally not less than 1.5 times the rated output field voltage.

G10.
Power plant auxiliary motors should not trip or stall for momentary undervoltage associated with the contingencies as defined in Categories A, B, and C of the I.A. Standards on Transmission Systems, unless the loss of the associated generating unit(s) would not cause a violation of the contingency performance requirements.
G11.
Overexcitation limiters, when used, shall be coordinated with the thermal capability of the generator.  After allowing temporary field current overload, the limiter shall operate through the automatic ac voltage regulator to reduce field current to the continuous rating.  Return to normal ac voltage regulation after current reduction shall be automatic.  The overexcitation limiter shall be coordinated with overexcitation protection so that overexcitation protection only operates for failure of the voltage regulator/limiter. 

OGRTF Chair:  Stephen C. Knapp (Steve)

410-468-3606 (Office)

443-286-6785 (Cell Phone)

steve.knapp@constellation.com
