[image: image1.png]THE TEXAS CONNECTION





OGRR Comments

	OGRR Number
	188
	OGRR Title
	Generating Facility Model Validation for Conformance with NERC Field Test Standards

	

	Date
	December 8, 2006

	

	Submitter’s Information

	Name
	Jack Thormahlen

	E-mail Address
	jack.thormahlen@lcra.org

	Company
	Lower Colorado River Authority

	Company Address
	P.O. Box 220, Austin, Texas 78767

	Phone Number
	512-473-3200 ext 2635


	ERCOT/Market Segment Impacts and Benefits


Instructions:  To allow for comprehensive OGRR consideration, please fill out each block below completely, even if your response is “none,” “not known,” or “not applicable.”  Wherever possible, please include reasons, explanations, and cost/benefit analyses pertaining to the OGRR.

	

	Assumptions
	1
	None

	
	2
	

	

	
	Impact Area
	Monetary Impact

	Market Cost
	1
	Generation Companies must pay to have each unit Base Line tested.
	Unknown

	
	2
	Generation Test Cost
	Unknown

	
	3
	ERCOT FTE
	Unknown

	

	
	Impact Area
	Monetary Impact

	Market Benefit
	1
	Compliance with NERC Field Test Standards.
	Unknown

	
	2
	Verify certain generator data such that proper stability studies can identify problem areas
	Unknown

	

	Additional Qualitative Information


	1
	Unknown

	
	2
	

	

	Other
	1
	Unknown

	Comments
	2
	

	


	Comments


These comments are being submitted by LCRA after discussions with the members of the PDCWG.  However, these comments are not on-behalf of the PDCWG. The comments added by LCRA in the body of this OGRR create more questions than answers. This OGRR should be thoroughly vetted by the Market Participants and generation testing experts. The timing of this OGRR during the holiday season of Thanksgiving and Christmas has historically been shown to be a bad time to get proper input from the appropriate experts. It is requested by LCRA that the appropriate experts be solicited to solidify this OGRR into appropriate and useable Operating Guide language. If necessary, the ERCOT Protocols may need to be updated to reflect the requirements set forth in this OGRR.  
	Revised Proposed Operating Guide Language


3.1.4.9 Generating Unit Model Validation
3.1.4.9.1 Generating Unit Base Line Testing
“Generating Unit Base Line” testing is the testing, measuring, and calculating of generating unit characteristics and control parameters used to model the synchronous generator, the governor-turbine and the excitation system.  The results of the Generating Unit Base Line test will be compared against manufacturer data, commissioning data, disturbance data, etc. to improve the accuracy of the parameters used by the dynamic models in the PSS/E simulation program.  The development of accurate models for generating units is an important step in conducting dynamic simulations and in understanding the operation of the electrical grid during disturbances.  

The governor-turbine controls include the governor as well as supplementary controls which are active during full or partial load rejection.  The excitation controls include the amplification stage, Automatic Voltage Regulator (AVR) function, excitation limiters, and supplementary controls, such as power system stabilizers (PSS).

Industry accepted testing techniques will be used for testing, measuring and calculating the generating unit modeling parameters, and the Generating Unit Base Line test report should state the type of test conducted for the synchronous generator and for each respective control system and supplementary control.  Whenever possible, generating unit modeling parameters are calculated on-site and compared to test results.

In addition to actual generator unit testing, the nameplate data should be reviewed and compared to manufacture’s data sheets to verify manufacture type and PSS/E model type for the generator and for each control system and supplementary control.

3.1.4.9.1.1 Verification of Synchronous Generator Models and Data 

The following tests shall be completed for the verification of synchronous generator models and data:

· Perform open circuit saturation test to measure the steady-state variation of generator field current versus generation stator voltage from the minimum achievable generator stator voltage to at least 105 percent (105%) of the rated stator voltage with the generator circuit breaker open.  For machines with brushless exciters, the field current measurement shall be the field current of the exciter;

· Perform an inertia test that reasonably confirms the inertia constant of the turbine-generator. For example, recording of the rotor speed following opening of the generator circuit breaker, with the generator running at a moderate real power output; and

· Perform a test that reasonably confirms the d-axis reactance’s (Xd, X’d, X’’d) and time constants (T’do and T’’do) of the synchronous generator.  For example, recording of terminal voltage and field current, following opening of the generator circuit breaker with the generator running at near-zero real power and under-excited so as to absorb substantial reactive power, with the excitation system in manual field voltage control.

3.1.4.9.1.2 Verification of Excitation Systems Models and Data 

Tests of the excitation system shall be such that they reasonably confirm the characteristics of the voltage regulator and the exciter from dc to 5 Hz.  These tests shall be completed with the excitation system in automatic voltage control.

The following tests shall be completed for the verification of excitation systems models and data:

· Perform a test to verify the control model for each excitation system/voltage regulator control system with associated gains, time constants, and limits;

· Perform a test to verify static set points for under and over excitation limiters;

· Perform a test to verify line drop compensator settings;

· Perform an open circuit test response showing generator field voltage and generator terminal voltage (exciter field voltage and current data for brushless units; and

· Perform a test to verify the model of each power system stabilizer with associated gains, time constants, and limits.

3.1.4.9.1.3 Verification of Generator Unit Frequency Response 

Tests of the governor-turbine controls shall consider a response time to be modeled up to thirty (30) seconds for all units except hydro units where the response time should be up to forty-five (45) seconds.  

The following tests shall be completed for the verification of generator unit frequency response:

· Perform a frequency response test to confirm the characteristics for each speed governor control, with any associated dead-band, gains, time constants, and limits (e.g. maximum valve opening velocity, maximum capability of the turbine, etc.); and

· Verify frequency response data of the unit, considering additional plant controls that affect the response of the unit (blocked or nonfunctioning governors or modes of operation that limit frequency response).

3.1.4.9.2 Generating Unit Model Performance Validation
“Generating Unit Model Performance Validation” insures the response of the PSS/E dynamic models accurately represents the actual response characteristics of the synchronous generators and the generating unit control systems, including supplementary controls.  The essential principal of dynamic response validation is that the chosen model of the generating facility in the PSS/E program must reproduce the results of tests or reproduce recorded disturbances within normal acceptable levels of accuracy
. 
The measure of success of Generating Unit Model Performance Validation is the quality of the agreement between the recorded and the simulated results.  Important response characteristics include the following:

· General shape of the curves, including magnitude and rate of the response;

· Rise time, overshoot and bandwidth;

· Dead-bands and delays; and

· Initial and final values

ERCOT encourages Generation Entities and PGCs to install and maintain disturbance recorders at all generating facilities.  Disturbance recorders are a key component in validating the generating unit model parameters used by the PSS/E dynamic models.  

Disturbance recordings can be taken at either:

· The generating unit point of interconnection to the TSP; or
· At the generating unit  

Table 1 and Table 2 below show examples for validating excitation system models and governor-turbine models for disturbance recordings taken at the generating unit point of interconnection.  The dynamic response of the generating unit is driven by the voltage and frequency at the point of interconnection and the control inputs.  The validation shall be done for events of voltage and frequency deviations and oscillations at the point of interconnection.  The minimum sampling rate is twenty (20) samples per second, and the minimum disturbance record length is thirty (30) seconds.    

· Table 1:  Acceptable Validation Methods for Excitation Models with Disturbance Recordings Taken at the Generating Unit Point of Interconnection

	Event
	Input to Model
	Validation Signal

	Sudden change in voltage at point of interconnection (greater than 2%) due to a disturbance
	· Voltage at point of interconnection

· Frequency at point of interconnection

· Control signals
	· Power at point of interconnection

· Reactive power at point of interconnection

	Sudden Change in generator reactive power (greater than 10% of rated MVA) due to a disturbance
	· Voltage at point of interconnection

· Frequency at point of interconnection

· Control Signals
	· Power at point of interconnection

· Reactive power at point of interconnection


· Table 2:  Acceptable Validation Methods for Governor-Turbine Models with Disturbance Recordings Taken at the Generating Unit Point of Interconnection

	Event
	Input to Model
	Validation Signal

	Sudden frequency changes (greater than 0.05 Hz) due to disturbance
	· Frequency at point of interconnection

· Control signals
	· Power at point of interconnection




Table 3 and Table 4 below show examples for validating excitation system models and governor-turbine models for disturbance recordings taken at the generator.  This should be done for every generating unit in the generating facility.  The dynamic response is driven by stator voltage and frequency (or real and reactive load).  The response can also be initiated by the control inputs, such as voltage reference and speed reference.  Validation shall be done for generator stator voltages and reactive power changes and for generating frequency or generator real power changes.

· Table 3:  Acceptable Validation Methods for Excitation System Models with Disturbance Recordings Taken at the Generator*

	Event
	Input to Model
	Validation Signal

	Voltage reference step (typically 2%) with generator on-line
	· Voltage reference step

· Generator real power

· Generator reactive power
	· Stator voltage

· Field voltage (or exciter field current for rotating exciters)

	Voltage reference step (typically 2%) with generator off-line
	· Voltage reference step
	· Stator voltage

· Field voltage (or exciter field current for rotating exciters)

	Sudden changes in generator reactive power (greater than 10% of rated MVA) due to a disturbance with generator on-line
	· Generator real power

· Generator reactive power
	· Stator voltage

· Field voltage (or exciter field current for rotating exciters)

	Reactive load rejection
	· Generator reactive power
	· Stator voltage

· Field voltage (or exciter field current for rotating exciters)

	Frequency Response of Vt/Vref
	· Voltage reference swept sine
	· Stator Voltage



* The minimum sampling rate is twenty (20) samples per second.

· Table 4:  Acceptable Validation Methods for Governor-Turbine Models with Disturbance Recordings Taken at the Generator**

	Event
	Input to Model
	Validation Signal

	Speed reference steps with generator on-line
	· Speed Reference

· Frequency
	· Generator real power

	Sudden frequency changes (greater than 0.05 Hz) due to disturbance with generator on-line
	· Frequency
	· Generator real power 


** The maximum sampling period is four (4) seconds – data available from SCADA or plant DCS.

3.1.4.9.3 Generating Unit Model Validation Requirements
The Generation Entity or PGC must perform a Generating Unit Base Line test for all units connected to the ERCOT System that have not been certified since 2007.  ERCOT will develop a schedule to perform Generating Unit Base Line tests for all existing units within a five year period beginning in 2007.  The Generation Entity or PGC must perform a Generating Unit Base Line test on each applicable unit no later than one hundred and eighty (180) days after:

· A new generating facility is released for commercial operations; 
· An existing generating facility re-starts commercial operations with modified equipment, control settings, or software that influences the behavior of the plant with respect to the electrical grid (e.g. generator rebuild, excitation retrofit, additional control function within a controller, turbine modification, voltage regulator and power system stabilizer tuning modification, etc.), only those portions of the generating unit model that can be influenced by the modifications need to be tested and validated; and
 
· The Generation Entity or PGC is notified by ERCOT that there is evidence that the modeled response of a generating facility does not correlate with the actual response, except in instances where the lack of correlation was caused by equipment problems that were subsequently corrected.  
The Generating Unit Base Line test is conducted at a time agreed on in advance by the Generation Entity or PGC, its QSE, the applicable TDSP, and ERCOT.
The Generation Entity or PGC must perform Generating Unit Model Performance Validation on each unit periodically at an ERCOT-set interval at least once every five (5) years.  Generating Unit Model Performance Validation is conducted at a time agreed on in advance by the Generation Entity or PGC, its QSE, the applicable TDSP, and ERCOT.
The Generation Entity or PGC, through its QSE, shall provide to ERCOT a Generating Unit Base Line test report within thirty (30) days of completion of the Generating Unit Base Line test.  The Generation Entity or PGC, through its QSE, shall provide to ERCOT a Generating Unit Model Performance Validation report within thirty (30) days of completion of the Generating Unit Model Performance Validation test
. 
ERCOT shall verify that generator models are adequately validated by comparing the simulated response of the unit against either a recorded Generating Unit Base Line test or a disturbance response, within sixty (60) Calendar Days after receipt of the Generating Unit Base Line test report or the Generating Unit Model Performance Validation report from the QSE for the respective Generation Entity or PGC.  ERCOT has the final authority to approve or reject the Generating Unit Base Line test report and the Generating Unit Model Performance Validation report.  ERCOT will issue a model validation certification to the respective Generation Entity or PGC and the TSP to which the generating unit is connected after completion of model validation.

ERCOT shall retain the most current and previous version of generating facility data gathered from the Generating Unit Base Line test reports and from the Generating Unit Model Performance Validation reports
. 
ERCOT shall notify the Generation Entity or PGC when Generating Unit Base Line testing or Generating Unit Model Performance Validation is required
. 
ERCOT shall provide its Generating Unit Base Line testing and Generating Unit Model Performance Validation reporting procedures, and any changes to those procedures, to the Generation Entity or PGC, its QSE, and the applicable TDSP affected by the procedures within thirty (30) Calendar Days of the approval
. 
3.1.4.9.4 Exemption of Generating Unit Base Line Testing and Generating Unit Model Performance validation

Mothballed units will be exempt from conducting Generating Unit Base Line testing and Generating Unit Model Performance Validation.  Once a mothball unit becomes active again, it must comply with the Generating Unit Base Line testing requirements unless there has been no changes and its last test was less than five (5) years ago.

Nuclear power plants are not designed to follow load, so nuclear power plants will be exempt from governor-turbine testing and governor-turbine model validation. However, nuclear power plants must comply with the Generating Unit Base Line testing and Generating Unit Model Performance Validation requirements for the synchronous generator and for the excitation system.  ERCOT recognizes that a conflict between the typical eighteen (18) month refueling cycle and the five (5) year rule for Generating Unit Base Line testing could occur.  Therefore, nuclear power plants will be allowed to defer Generating Unit Base Line testing for up to one (1) year, if the five (5) year anniversary for Generating Unit Base Line testing occurs between refueling outages
. 
�Test procedures and  forms must be provided for each of the required tests specified below and the procedures and forms shall reside in Section 6 of the current, Pre-Nodal, Operating Guides.


�Test procedures and  forms must be provided for each of the required tests specified below and the procedures and forms shall reside in Section 6 of the current, Pre-Nodal, Operating Guides.


�Test procedures and  forms must be provided for each of the required tests specified below and the procedures and forms shall reside in Section 6 of the current, Pre-Nodal, Operating Guides.


�There� are no exclusionary specifications in this OGRR for WIND units, QFs, distributed generation or a minimal size of a unit such as 10 MW. Will these types of units have to do this testing?


�What� is the test that qualifies each of the modifications that may or may not influence the behavior of the plant with respect to the electrical grid, to be tested? Does the testing of any one or a sub-combination of element tests constitute compliance with the five (5) year test requirement?


�Please specify the difference in the two specified reports in this paragraph.


�Does or will ERCOT have the FTE to accomplish this in the time specified?


�Where� will this data reside?


�What is the time frame to notify the PGC or Generating Entity?


�When will ERCOT have the procedures specified available for the Base Line Test? Where will they reside?


�There are no exclusionary specifications in this OGRR for WIND units, QFs, distributed generation or a minimal size of a unit such as 10 MW. Will these types of units have to do this testing?
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