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Introduction
Validation of generator modeling data through field verification and testing is critical to the reliability of the interconnected transmission systems.  Accurate, validated generator models and data are essential for planning and operating studies used to ensure electric system reliability. 

Generating capability to meet projected system demands and provide the required amount of generation capacity margins is necessary to ensure service reliability.  This generating capability must be accounted for in a uniform manner that ensures the use of realistically attainable values when planning and operating the systems or scheduling equipment maintenance.

Synchronous generators are the primary means of voltage and frequency control in the bulk interconnected electric systems.  The correct operation of generator controls can be the crucial factor in whether the electric systems can sustain a severe disturbance without a cascading breakup of the interconnected network.  Generator dynamics data is used to evaluate the stability of the electric systems, analyze actual system disturbances, identify potential stability problems, and analytically validate solutions for the identified problems.

Generator reactive capability is commonly derived from the generator real and reactive capability curves supplied by the manufacturer.  Reactive power generation limits derived in this manner can be optimistic as heating or auxiliary bus voltage limits may be encountered before the generator reaches its maximum sustained reactive power capability.  Manufacturer-provided design data may also not accurately reflect the characteristics of operational field equipment because settings can drift and components deteriorate over time.  Field personnel may also change equipment settings (to resolve specific local problems) that may not be communicated to those responsible for developing a system modeling database and conducting system assessments.  It is important to know the actual reactive power limits, control settings, and response times of generation equipment and to represent this information accurately in the system modeling data that is supplied to the Regions and those entities responsible for the reliability of the interconnected transmission systems.

Brief Description
Regional procedures for generation equipment testing.

Section
II.   System Modeling Data Requirements


B.   Generation Equipment

Standard

S1.
Generation equipment shall be tested to verify that data submitted for steady-state and dynamics modeling in planning and operating studies is consistent with the actual physical characteristics of the equipment.  The data to be verified and provided shall include generator gross and net dependable capability, gross and net reactive power capability, voltage regulator controls, speed/load governor controls, and excitation systems.
Measurement

M1.
Each Region shall establish and maintain procedures for generation equipment data verification and testing for all types of generating units in its Region.  These procedures shall address generator gross and net dependable capability, reactive power capability, voltage regulator controls, speed/load governor controls, and excitation systems (including power system stabilizers and other devices, if applicable).  These procedures shall also address generating unit exemption criteria and shall require documentation of those generating units that are exempt from a portion or all of these procedures.

Applicable to
Regions.

Items to be Measured
Procedures for validating generation equipment data.

Timeframe
On request (five business days).

Full (100%) Compliance Requirement
Each Region shall establish, maintain, and document procedures for generation equipment data verification and testing for all non-exempt generating units in its Region. The equipment to be tested and the data to be reported shall include, as a minimum, those items specified under Measurements M1, M2, M3, M4, M5, and M6 of this Standard II.B. S1.  The schedule for the testing of the generation equipment, as defined in Measurements M2, M3, M4, M5, and M6, and the schedule for the submittal of the verification or test data to the Regions shall be included in the Regional procedures.  Each Region shall also develop the criteria under which generation equipment may be exempt from a portion or all of the required testing procedures.  A list of the exempt units shall be maintained by each Region.  Docu-mentation of verification and testing procedures shall be available to all reporting parties on request (five business days).

Levels of Non-Compliance

Level 1

Documentation of Regional procedures for generation equipment testing was provided on schedule, but was incomplete in one or more areas.

Level 2

Documentation of Regional procedures for generation equipment testing was not provided on schedule, but was complete when submitted.




Level 3

Documentation of Regional procedures for generation equipment testing was not provided on schedule, and was incomplete in one or more areas when submitted.


Level 4


Documentation of Regional procedures for generation equipment testing was not provided.

Compliance Monitoring Responsibility

NERC.

Reviewer Comments on Compliance Rating
Brief Description
Verification of gross and net real power dependable capability of generators.

Section
II.   System Modeling Data Requirements


B.   Generation Equipment

Standard
S1.
Generation equipment shall be tested to verify that data submitted for steady-state and dynamics modeling in planning and operating studies is consistent with the actual physical characteristics of the equipment.  The data to be verified and provided shall include generator gross and net dependable capability, gross and net reactive power capability, voltage regulator controls, speed/load governor controls, and excitation systems.

Measurement
M2.
Generation equipment owners shall annually test to verify the gross and net dependable capability of their units.  They shall provide the Regions with the following information on request:


a.
Summer and winter gross and net capabilities of each unit based on the power factor level expected for each unit at the time of summer and winter peak demand, respectively.


b.
Active or real power requirements of auxiliary loads.


c.
Date and conditions during tests (ambient and design temperatures, generator loading, voltages, hydrogen pressure, high-side voltage, and auxiliary loads).

Applicable to
Generation equipment owners.

Items to be Measured
Verification of gross and net dependable capability of generators.

Timeframe
Annually.

Full (100%) Compliance Requirement
Generation equipment owners shall test annually all of their non-exempt generation equipment for summer and winter gross and net real power (MW) dependable capability according to the Regional procedures under Measurement M1 of this Standard II.B. S1. Operating data may be acceptable as test data providing it was obtained under test-like conditions.

Test conditions and test results shall be documented and all data requested by the Region shall be provided by the generation equipment owners in accordance with the Regional procedures in Measurement M1 of Standard II.B. S1.  Exceptions to the schedules in the Regional procedures will need to be agreed to by the Region and the generation equipment owners.

Levels of Non-Compliance
Level 1

Verification of generator gross and net real power dependable capability was provided on schedule, but was incomplete in one or more areas.

Level 2

Verification of generator gross and net real power dependable capability was not provided on schedule, but was complete when submitted.

Level 3
Verification of generator gross and net real power dependable capability was not provided on schedule, and was incomplete in one or more areas when submitted.


Level 4


Verification of generator gross and net real power dependable capability was not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating
Brief Description
Verification of gross and net reactive power capability of generators.

Section
II.   System Modeling Data Requirements


B.   Generation Equipment

Standard

S1.
Generation equipment shall be tested to verify that data submitted for steady-state and dynamics modeling in planning and operating studies is consistent with the actual physical characteristics of the equipment.  The data to be verified and provided shall include generator gross and net dependable capability, gross and net reactive power capability, voltage regulator controls, speed/load governor controls, and excitation systems.

Measurement
M3.
Generation equipment owners shall test to verify the gross and net reactive power capability of their units at least every five years.  They shall provide the Regions with the following information on request: 

a. Maximum sustained reactive power capability (both lagging and leading) as a function of real power output and generator terminal voltage.  If safety or system conditions do not allow testing to full capability, computations and engineering reports of estimated capability shall be provided.

b. Reason for reactive power limitation. 

c. Reactive power requirements of auxiliary loads.

d. Date and conditions during tests (ambient and design temperatures, generator loading, voltages, hydrogen pressure, high-side voltage, and auxiliary loads).

Applicable to
Generation equipment owners.

Items to be Measured
Verification of gross and reactive power capability of generators.

Timeframe
At least every five years.

Full (100%) Compliance Requirement
Generation equipment owners shall test at least every five years all of their non-exempt generating units for reactive power capability according to the Regional procedures required under Measurement M1 of this Standard II.B. S1.

Test conditions and test results shall be documented and all data requested by the Region shall be provided by the generation equipment owners in accordance with the Regional procedures in Measurement M1 of Standard II.B. S1.  Exceptions to the schedules in the Regional procedures will need to be agreed to by the Region and the generation equipment owners.

Levels of Non-Compliance


Level 1


Verification of generator gross and net reactive power capability was provided on schedule, but was incomplete in one or more areas.


Level 2


Verification of generator gross and net reactive power capability was not provided on schedule, but was completed when submitted.


Level 3


Verification of generator gross and net reactive power capability was not provided on schedule, and was incomplete in one or more areas when submitted.


Level 4


Verification of generator gross and net reactive power capability was not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating
Brief Description
Test results of generator voltage regulator controls and limit functions. 

Section
II.   System Modeling Data Requirements


B.   Generation Equipment

Standard
S1.
Generation equipment shall be tested to verify that data submitted for steady-state and dynamics modeling in planning and operating studies is consistent with the actual physical characteristics of the equipment.  The data to be verified and provided shall include generator gross and net dependable capability, gross and net reactive power capability, voltage regulator controls, speed/load governor controls, and excitation systems.

Measurement
M4.
Generation equipment owners shall test voltage regulator controls and limit functions at least every five years.  Upon request, they shall provide the Regions with the status of voltage regulator testing as well as information that describes how generator controls coordinate with the generator’s short-term capabilities and protective relays.  Test reports shall include minimum and maximum excitation limiters (volts/hertz), gain and time constants, the type of voltage regulator control function, date tested, and the voltage regulator control setting.

Applicable to
Generation equipment owners.

Items to be Measured
Test results of generator voltage regulator controls and limit functions.

Timeframe
At least every five years.

Full (100%) Compliance Requirement
Generation equipment owners shall test at least every five years all of their non-exempt voltage regulator controls and limit functions in accordance with Measurement M4 above and the Regional procedures required under Measurement M1 of this Standard II.B. S1.

All test data and status information requested by the Region shall be provided by the generation equipment owners in accordance with the Regional procedures in Measurement M1 of Standard II.B. S1.  Exceptions to the schedules in the Regional procedures will need to be agreed to by the Region and the generation equipment owners.

Levels of Non-Compliance


Level 1


Test results of generator voltage regulator controls and limit functions were provided on schedule, but were incomplete in one or more areas.


Level 2


Test results of generator voltage regulator controls and limit functions were not provided on schedule, but were complete when submitted.


Level 3


Test results of generator voltage regulator controls and limit functions were not provided on schedule, and were incomplete in one or more areas when submitted.


Level 4


Test results of generator voltage regulator controls and limit functions were not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating
Brief Description
Test results of speed/load governor controls.
Section
II.   System Modeling Data Requirements


B.   Generation Equipment

Standard
S1.
Generation equipment shall be tested to verify that data submitted for steady-state and dynamics modeling in planning and operating studies is consistent with the actual physical characteristics of the equipment.  The data to be verified and provided shall include generator gross and net dependable capability, gross and net reactive power capability, voltage regulator controls, speed/load governor controls, and excitation systems.

Measurement
M5.
Generation equipment owners shall test speed/load governor controls at least every five years.  Upon request, they shall provide the Regions with the status of governor tests as well as information that describes the characteristics (droop and deadband) of the speed/load governing system.

Applicable to
Generation equipment owners.

Items to be Measured
Test results of speed/load governor controls.

Timeframe
At least every five years.

Full (100%) Compliance Requirement
Generation equipment owners shall test at least every five years all of their non-exempt speed/load governor controls according to the Regional procedures required under Measurement M1 of this Standard II.B. S1.  They shall also provide on request (within 30 days) information on the characteristics (droop and deadband) of the speed/load governing system.

All test data and status information requested by the Region shall be provided by the generation equipment owners in accordance with the Regional procedures in Measurement M1 of Standard II.B. S1.  Exceptions to the schedules in the Regional procedures will need to be agreed to by the Region and the generation equipment owners.

Levels of Non-Compliance


Level 1


Test results of speed/load governor controls were provided on schedule, but were incomplete in one or more areas.


Level 2


Test results of speed/load governor controls were not provided on schedule, but were complete when submitted.

Level 3


Test results of speed/load governor controls were not provided on schedule, and were incomplete in one or more areas when submitted.


Level 4


Test results of speed/load governor controls were not provided.

Compliance Monitoring Responsibility
Regions.

Reviewer Comments on Compliance Rating
Brief Description
Verification of excitation system dynamic modeling data.

Section
II.   System Modeling Data Requirements


B.   Generation Equipment

Standard
S1.
Generation equipment shall be tested to verify that data submitted for steady-state and dynamics modeling in planning and operating studies is consistent with the actual physical characteristics of the equipment.  The data to be verified and provided shall include generator gross and net dependable capability, gross and net reactive power capability, voltage regulator controls, speed/load governor controls, and excitation systems.

Measurement
M6.
Generation equipment owners shall verify the dynamic model data for excitation systems (including power system stabilizers and other devices, if applicable) at least every five years.  Design data for new or refurbished excitation systems shall be provided at least one year prior to the in-service date with updated data provided once the unit is in service.  Open circuit test response chart recordings shall be provided showing generator field voltage and generator terminal voltage.  (Brushless units shall include exciter field voltage and current.)

Applicable to
Generation equipment owners.

Items to be Measured
Verification of excitation system dynamic modeling data.

Timeframe
At least every five years.

Full (100%) Compliance Requirement
Generation equipment owners shall provide at least every five years data to verify the dynamic model for excitation systems of non-exempt generator units in accordance with Measurement M6 above and the Regional procedures required under Measurement M1 of this Standard II.B. S1.  They shall also provide design data for new or refurbished excitation systems in accordance with Measurement M6 above.

All data verification and test results requested by the Region shall be provided by the generation equipment owners in accordance with the Regional procedures in Measurement M1 of Standard II.B. S1.  Exceptions to the schedules in the Regional procedures will need to be agreed to by the Region and the generation equipment owners. 

Levels of Non-Compliance

Level 1


Verification of excitation system dynamic modeling data was provided on schedule, but was incomplete in one or more areas.


Level 2


Verification of excitation system dynamic modeling data was not provided on schedule, but was complete when submitted.


Level 3

Verification of excitation system dynamic modeling data was not provided on schedule, and was incomplete in one or more areas when submitted.


Level 4


Verification of excitation system dynamic modeling data was not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating
II.
System Modeling Data Requirements

B.
Generation Equipment

G1.
The following guidelines should be observed during testing of the reactive power capability of a generator:


a.
The reactive power capability curve for each generating unit should be used to 



determine the expected reactive power capability.


b.
Units should be tested while maintaining the scheduled voltage on the system bus.  Coordination with other units may be necessary to maintain the scheduled voltage.


c.
Hydrogen pressure in the generating unit should be at rated operating pressure.


d.
Overexcited tests should be conducted for a minimum of two hours or until temperatures have stabilized.


e.
When the maximum sustained reactive power output during the test is achieved, the following quantities should be recorded:  generator gross MW and Mvar output, 
auxiliary load MW and Mvar, and generator and system voltage magnitudes.

G2.
Most modern voltage regulators have limiting functions that act to bring the generating unit back within its capabilities when the unit experiences excessive field voltage, volts per hertz, or underexcited reactive current.  These limiters are often intended to coordinate with other controls and protective relays.  Testing should be done that demonstrates correct action of the controls and confirms the desired set points.

G3.
Generation equipment owners should make a best effort to verify data necessary for system dynamics studies.  An “open circuit step in voltage” is an easy to perform test that can be used to validate the generating unit and excitation system dynamics data.  The open circuit test should be performed with the unit at rated speed and voltage but with its breakers open.  Generator terminal voltage, field voltage, and field current (exciter field voltage and current for brushless excitation systems) should be recorded with sufficient resolution such that the change in voltages and current are clearly distinguishable.

G4.
More detailed test procedures should be performed when there are significant differences between “open circuit step in voltage” tests and the step response predicted with the model data.  Generator reactance and time constant data can be derived from standstill frequency response tests.

G5.
The response of the speed/load governor controls should be evaluated for correct operation whenever there is a system frequency deviation that is greater than that established by the Regional procedures.
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