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I. Introduction

In order to effectively evaluate the electric system’s performance, the accuracy of data for the interconnected transmission network and the associated generating equipment is critical.  This document addresses one such item, generating unit frequency response and associated model data.  For dynamic planning and operating studies with a time frame of 0 to 60 seconds, unit frequency response of hydro and conventional fossil steam generating units is primarily influenced by the turbine governor system. Thus, valid models for these type units should focus on the governor system.  For combustion turbine based generation (CTs and Combined Cycle), unit frequency response for 0 to 60 seconds can be influenced by both the governor system, if active for frequency control, and other plant control systems such as combustion turbine firing temperature controls, etc.  Thus, the development of valid models for these units may require additional control functions.  Nuclear generating units typically do not provide a frequency response since their governor systems are generally inactive or insensitive regarding frequency control.  If this is the case, the development of valid models for those units is not necessary.

This SERC field test guideline for the NERC Reliability Standards MOD-027 is intended to:

1) Provide guidance for SERC Transmission Planners and Generator Owners/Operators to address verification of generator unit frequency response.
2) Document the GSFT-TF recommended exemption criteria and sister unit philosophy.
3) Document the GSFT-TF recommended Configuration Controls.
After this field test has been completed, and if MOD-027 Reliability Standard is approved and implemented, the GSFT-TF recommends that SERC develop a regional procedure identifying future events for which data should be collected and evaluated by SERC members.

II. Definitions 

1. Confirm (–ed, –ation) – To assure that plant or equipment conditions (including control settings) that would impact previously provided data has not changed. 
2. Exempt Generation – Generator(s) that meets the exemption criteria for a particular Validation/test requirement.
3. Validate (-dated, -dation) – To establish the accuracy of data used to model electrical equipment. Validation may be achieved through simulation, operating data, field readings, engineering evaluations or reviews, use of manufacturer data, commissioning data, performance tracking, and/or testing where appropriate.  
4. Verify (Verification) – To establish through Validation or Confirmation.
5. Standard Model (or Model) – A model included with the Power System Simulator, Power Technologies, Inc. (PSS/E) dynamic simulation software.  Many Institute of Electrical and Electronics Engineers, Inc. (IEEE) models are included in the standard PSS/E models.  Complete model information includes both the name of the Standard Model and the value of each parameter.
III. Requirements/Expectations 

A. Generator Exemption Criteria [Ref.MOD-027, R1.2]

In order to maximize the use of resources, it is prudent to exempt generators that are believed to have less significant impact on the reliability of the bulk electric system from data Validation requirements.  The exemption criteria specified by these guidelines are based on both the operating voltage of the bulk power system to which the generator is interconnected, and the MVA rating of the generator.  When referring to the MVA rating of the generator, at facilities where multiple machines and/or prime movers are required for normal unit operation, the MVA rating refers to the total MVA capacity of the facility.  Examples of this include combined cycle or cross compound units.

As documented in the NERC Glossary of Terms, the NERC Board of Trustees approved a definition for the bulk electric system on February 8, 2005 as follows:

“As defined by the Regional Reliability Organization, the electrical generation resources, transmission lines, interconnections with neighboring systems, and associated equipment, generally operated at voltages of 100 kV or higher.  Radial transmission facilities serving only load with one transmission source are generally not included in this definition.”

Therefore, for generators interconnected to a power system operated at a voltage of less than 100 kV, Validation is not required. Inasmuch as possible, models and model parameters should be based on the most accurate information available from sources such as the manufacturer, calibration and maintenance records, field inspection (i.e., estimated parameters), and event data.
Generators with a nameplate rating less than or equal to 75 MVA or that are not connected to the bulk power system are exempt. Table 1 summarizes the Generator Exemption Criteria.  
Table 1: Generator Exemption Criteria
	Generator

Interconnected kV or MVA Size
	Validated Models & Data Required

	< 100 kV
	No

	≥ 100kV
&
≤ 75 MVA 
	No

	≥100kV

&

> 75 MVA
	Yes


B. Sister Unit/Equipment Validation Guidelines
Some units have equipment with the same characteristics such that they respond the same as equipment of other units.  If it can be demonstrated that the units, equipment, or systems have identical designs, identical major components and identical significant control system settings, then the units can be considered sisters in regard to that equipment or system.  In those situations, an assumption can be made for a sister unit by Validating the unit frequency response model for one (sample) unit.  Equipment or systems that do not impact the equipment or system to be Validated need not be identical. Units that are sisters in one regard may not be sisters for other equipment or systems to be Validated. Documentation must exist to demonstrate that the information about the sample unit can be applied to a sister unit. In future Validations, a different sister unit shall be selected to eventually verify that the sister approach was valid.
C. Configuration Controls
The Generator Owner shall implement a program intended to insure the condition of the unit frequency response system (speed / load control system) remains consistent with the state of the equipment when the latest model Validation was performed. This will normally be performed during a major generator outage, or when setting changes are implemented. [Ref.MOD-027, R1.3]

Turbine-Generator speed/load governor systems consist of:

1) a speed signal from the TG 

2) a speed load governor controller

3) mechanical (usually hydraulic) actuators and valves (or gates on hydro units)

In general, the speed signal and mechanical portion of the system are not modified unless the overall governor system is being modified.  Thus, Configuration Controls do not apply to these two subsystems.  The speed load governor controller may vary widely between units due to vintage, retrofit or component modification and thus is the primary focus in the Configuration Controls.  The following addresses the key aspects of a Configuration Controls program for the speed load governor controller portion of the system.  In cases where the controller is being replaced, the speed/load governor system should be treated like a new governor.

1. Periodically repeating the event based model Validation described in Section D.2 ( post-mortem simulation of specific event(s) using dynamics models to validate turbine governor and associated control systems parameters) to assure the existing model parameters for dynamic simulations are accurate.

2. Due to their design, the response of a Mechanical Hydraulic Control (MHC) system is not easily adjustable and thus if properly maintained (replacement of deteriorated components), it is not subject to appreciable performance changes.  Thus, no specific Configuration Controls process is necessary.

3. For analog based governor controllers (Electro Hydraulic Control - EHC systems), the Configuration Controls process should consist of a maintenance program that includes regular calibration of the controller to conform to baseline data (typically previous calibration data) that was used in the previously governor model Validation process described in Section D.2

4. For digital based governor controllers (Digital Electro Hydraulic - DEH systems), the Configuration Controls process should consist of a maintenance program that includes regular calibration of any components that are subject to drift (such as A/D converters) and verification that the configuration files are the same as those utilized in the original Validation activities.

These activities should assure and document that the unit frequency response system modeling parameters are still consistent with the validated baseline model parameters.
D. Turbine and Governor (Speed/Load) Controls [Ref. MOD-027, R1]

1. General Requirements

a) Generator Owners will submit to their Transmission Planner an appropriate speed/load control system Standard Model with associated parameters (based on the most accurate information available from sources such as the manufacturer, calibration and maintenance records, field inspection, operating data and engineering evaluations or reviews) and the Attachment 2 reporting form for each generating unit. The Generator Owner and the Transmission Planner may need to coordinate to determine which Standard Model to use. (Ref.MOD-027, R1.5.1)
b) As detailed in D.2., an event based approach to Validate generator unit frequency response will be utilized.  
c) For each new or modified speed/load control system, a Standard Model (based on as-built parameter information available from the vendor) must be submitted in addition to the Attachment 2 questionnaire. The model based on this design data is sufficient until more accurate data (from event analysis or commissioning/acceptance testing) can be obtained and submitted to the Transmission Planner. The Generator Owner and the Transmission Planner may need to coordinate to determine which Standard Model applies and/or what data should be provided. (Ref.MOD-027, R1.4)
d) If there are typical operating modes that have different control parameters, a model must be provided for each mode.


e) Standard Models and/or parameters must be Validated each time changes are made that could affect the model such as upgrades and replacements or Confirmed at least every five years.  (Ref.MOD-027, R1.4)
f) SERC shall provide its frequency response verification and reporting procedures, and any changes to those procedures, to the Generator Owners, Generator Operators, Transmission Operators, Planning Authorities, and Transmission Planners affected by the procedures within 30 days of approval.  (Ref.MOD-027, R2)
g) The Generator Owner and Transmission Planners shall follow the SERC procedure for verifying and reporting its generator unit frequency response. (Ref.MOD-027, R3)

2. Specific Requirements

An event based approach will be utilized to Validate unit frequency response for each applicable generator. Generator response data for specific frequency excursion event(s) will be compared to the unit frequency response predicted by the Standard Models.  Validation of the unit frequency response system is achieved by adjusting (if necessary) the turbine governor and associated control systems parameters
 in the Standard Model until good correlation with the captured event(s) data is obtained. [Ref.MOD-027, R1.3]
a) Speed/load control system response must be Validated with underfrequency event data. In order for event data to be suitable for Validation, the data must 

· Record generator electric power and local system frequency

· Record a frequency drop to 59.96 Hz or below (resolution 0.01 Hz)

· Have a generator power resolution of 1% of the generator Continuous Capability

· Record data every 4 to 6 seconds, or more frequently

· Record data for at least 60 seconds, or more depending on the timeframe of the response

b) Generator event data required is unit MW output versus time. This data may be obtained from SCADA systems, data loggers, excitation/governor event capturing systems, dedicated monitoring systems or test instrumentation. 


c) PSS/E dynamic simulation software will be used by SERC for the NERC Field Test activity of Validating the generator’s speed/load control models:

1. A loadflow consisting of a large (MVA) unit representing Eastern Interconnection (EI), a large EI load, the unit whose speed/load model is to be Validated, and any other transmission system elements required to replicate the event will be modeled.  The loadflow is expected to have ten or less buses.
2. Transmission system frequency versus time event data will be examined as part of the validation process
3. After creating the dynamic “snap” but before compiling and linking the dynamics executable, “flecs” code will be inserted in the “conec” file.  The code will alter the mechanical power of the large EI machine.  The result is that the large EI machine will speed up or slow down accordingly, thus changing system frequency to reasonably match the event data.
4. The resulting unit MW versus time output produced by the model will be compared to the actual unit MW versus time output captured by the event data.  If good correlation
 is obtained, Validation of the model is complete.  If good correlation  is not obtained, the following courses of action should be considered:

i. Modify the parameters of the unit’s existing speed/load model and repeat the Validation process.

ii. A new model with new parameters could be developed.

iii. The Generator Owner could investigate why good correlation was not obtained, which could result in refining the unit’s frequency response controls

5. Care should be taken to consider more than one frequency excursion event before implementing an updated model into the dynamics database.
d) When Validating the generator power output response of an event simulation with actual recorded event data, the response time to be modeled should be 60 seconds, regardless of unit type.  If compromises have to be made in the selection of model parameters, there should be emphasis on selecting parameters that best replicate the generator power output response during the first 30 seconds of the event.   (Ref.MOD-027, R1.1).
e) It is recognized by the GSFT-TF that other stand alone software programs could be used to replicate a transmission system frequency excursion and subsequently Validate generator unit speed/load control models.  The GSFT-TF investigated and determined that PSLF ™, EMTP ™, and MAT LAB ™ software programs could be used for this activity.  Therefore, upon the successful ballot and NERC B.O.T and FERC adoption of draft NERC Reliability Standard MOD-027, the GSFT-TF would advise SERC that the aforementioned and other commercially available software tools could be utilized to fulfill the applicable NERC requirements.


f) Reporting

A record of the most recent Validation including information specified in NERC Reliability Standard MOD-027-1 R1.5.1 – R.1.5.4 on each generator shall be maintained by the Validating party and reported to SERC or NERC within 30 days of the request. (Ref.MOD-027, R1.4, R1.5.1 - R1.5.4)
g) Examples

Attachment 3 refers to several types of turbine - governor controllers.  
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Attachment 2

Sample Reporting Form

Turbine and Governor (Speed/Load) Controls Questionnaire

1. Unit Name:  _____________________________________

2. Company: _______________________________________

3. Date:  ___________________________________________

4. Submitter: _______________________________________

5. Phone No. _______________________________________

Governor Information:
Identify general type of governor control:

	
	Mechanical hydraulic (MHC)

	
	Analog electro-hydraulic (EHC)

	
	Digital electro-hydraulic (DEH)

	
	_________________________


Check type of governor model submitted:

	
	PTI Standard Model with As built parameters

	
	PTI Standard Model with Estimated Parameters

	
	PTI Standard Model with Parameters derived from event(s) based Validation(s)


Droop Setting (%): ____________

Attachment 3

Definitions of Unit Frequency Response

Steam units may operate in several modes, but for modeling these three will be considered:

Baseload –
 
Operating at or near maximum output

Setpoint Control – 
Operating such that other controls will override automatic action of the governor.  Typically the setpoint is related to load and temperature limits.

Responsive – 

Operating with typical governor control without other automatic override controls.

Based on the above information and the diagram below, the type of turbine – governor response for thermal units is defined:

	
	Thermal
	
	Examples(

	
	Type UC
	Unresponsive, baseload unit (very quickly returns to near baseload after an initial response) 
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	Type FC
	Fast controller, shorter response (quickly returns to near baseload)
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	Type SC
	Slow controller, longer response (responds for a short time, then returns to near baseload)
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	Type NC
	No controller, responsive 
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( Just to illustrate what each type may look like, some example charts are given.  The event is assumed to occur at 10 seconds and a hypothetical change in generator output is depicted.
Gas turbine units are divided into two categories:

	
	Gas
	

	
	Type GL
	with load controller

	
	Type GN
	no load controller
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Figure A3-1, General characteristics of each type of turbine – governor response












































� As reference see Pereira, Undrill, Kosterev, Davies and Patterson, “A New Thermal Governor Modeling Approach in the WECC,” IEEE Trans. Power Syst., vol 18, pp 819-829, May 2003 and other documents located on the WECC website for the Modeling and Validation Work Group (MVWG) at http://www.wecc.biz/committees/PCC/TSS/MVWG/documents/index.html


� As part of the field test activities efforts will be made to quantify “good correlation.”
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A. Introduction


1. Title:
Verification of Generator Unit Frequency Response




2. Number:
MOD-027-1

3. Purpose:
To provide verification of generator unit frequency response (other than Automatic Generation Control) for use in models for reliability studies.  

4. Applicability  

4.1. Regional Reliability Organization.

4.2. Generator Owner.

5. Proposed Effective Date:
To be Determined.



B. Requirements


R1. The Regional Reliability Organization shall establish and maintain procedures to address verification of generator unit frequency response.  These procedures shall include the following:


R1.1. Response time to be modeled, e.g. up to 30 seconds for steam units, up to 45 seconds for hydro units, etc.


R1.2. Generating unit exemption criteria including documentation of those units that are exempt from a portion or all of these procedures.


R1.3. Acceptable methods for model and data verification, including any applicable conditions under which the data should be verified.  Such methods can include use of manufacturer data, commissioning data, performance tracking, engineering analysis, field verification of equipment settings, testing, simulation and comparison with test results or disturbance monitoring data, etc.


R1.4. Periodicity and schedule of verification and reporting, including a list of report recipients, schedules associated with field changes to existing units, and refurbished units.


R1.5. Information to be reported related to generator unit frequency response:


R1.5.1. Verified manufacturer and type of speed governor controls.


R1.5.2. Verified model for each speed governor control with any associated deadband, gains, time constants, and limits (e.g., maximum valve opening velocity, maximum capability of the turbine, etc.).


R1.5.3. Verified 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).


R1.5.4. Method of verification and conditions of the verification including status of controls.


R2. The Regional Reliability Organization shall provide its frequency response verification and reporting procedures, and any changes to those procedures, to the Generator Owners, Generator Operators, Transmission Operators, Planning Authorities, and Transmission Planners affected by the procedures within 30 calendar days of the approval.


R3. The Generator Owner shall follow its Regional Reliability Organization’s procedure for verifying and reporting its generator unit frequency response per MOD-027 R1.


C. Measures


M1. The Regional Reliability Organization shall have available for inspection a procedure for verifying and reporting generator unit frequency response in accordance with MOD-027 R1.


M2. The Regional Reliability Organization shall have evidence that its procedure, and any revisions to that procedure, for verification and reporting generator unit frequency response was provided to affected Generator Owners, Generator Operators, Transmission Operators, Planning Authorities, and Transmission Planners within 30 calendar days of approval.


M3. The Generator Owner shall have evidence it provided verification of the models and data associated with generator unit frequency response, consistent with the Regional Reliability Organization procedure.
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C. Measures


M1. The Regional Reliability Organization shall have available for inspection a procedure for verifying and reporting generator unit frequency response in accordance with MOD-027 R1.


M2. The Regional Reliability Organization shall have evidence that its procedure, and any revisions to that procedure, for verification and reporting generator unit frequency response was provided to affected Generator Owners, Generator Operators, Transmission Operators, Planning Authorities, and Transmission Planners within 30 calendar days of approval.


M3. The Generator Owner shall have evidence it provided verification of the models and data associated with generator unit frequency response, consistent with the Regional Reliability Organization procedure.



