Standard MOD-027-1 — Verification of Models and Data for Turbine/Governor and Load Control Functions

A. Introduction

1. Title:
Verification of Models and Data for Turbine/Governor and Load Control Functions
2. Number:
MOD-027-1
3. Purpose:
To verify that the turbine/governor and load control model and the model parameters used in dynamic simulations that assess Bulk Electric System (BES) reliability accurately represent generator unit real power response to system frequency variations.
4. Applicability:

4.1. Functional entities

4.1.1 Generator Owners of generating facilities:
4.1.1.1 Connected to Eastern or Quebec Interconnections with the following characteristics: 

Each unit ≥ 100 MVA, connected at the point of interconnection
 at 100 kV or above and with an average capacity factor
 greater than 5% over the last three calendar years.

Each unit ≥ 20 MVA within a plant ≥ 200 MVA, connected at the same point of interconnection at 100 kV or above and with an average capacity factor greater than 5% over the last three calendar years.

4.1.1.2 Connected to Western Interconnection with the following characteristics:

Each unit ≥ 75 MVA, connected at the point of interconnection at 100 kV or above and with an average capacity factor greater than 5% over the last three calendar years.

Each unit ≥ 20 MVA within a plant ≥ 150 MVA, connected at the same point of interconnection at 100 kV or above and with an average capacity factor greater than 5% over the last three calendar years.

4.1.1.3 Connected to ERCOT Interconnection with the following characteristics: 

Each unit ≥ 50 MVA, connected at the point of interconnection at 100 kV or above and with an average capacity factor greater than 5% over the last three calendar years.

Each unit ≥ 20 MVA within a plant ≥ 100 MVA, connected at the same point of interconnection at 100 kV or above and with an average capacity factor greater than 5% over the last three calendar years.

4.1.2 Transmission Planners
4.1.3 Balancing Authorities

Proposed Effective Date:

In those jurisdictions where regulatory approval is required:

· By the first day of the first calendar quarter, four years following applicable regulatory approval: 

· Each Generator Owner shall verify at least 30% of its applicable units per Interconnection on a MVA basis.  However, if less than 30% of a Generator Owners applicable units are on-line and in an operating state that would result in a turbine/governor and load control function response for an event for the first two years, then verification is required only for the those units.
· By the first day of the first calendar quarter, six years following applicable regulatory approval:

· Each Generator Owner shall verify at least 50% (this includes the units verified in the first four years) of its applicable units per Interconnection on a MVA basis.  However, if less than 50% of a Generator Owners applicable units are on-line and in an operating state that would result in a turbine/governor and load control function response for an event for the first four years, then verification is required only for the those units.
· By the first day of the first calendar quarter, twelve calendar years following applicable regulatory approval:

· Each Generator Owner shall verify 100% of its applicable units.  However, if less than 100% of a Generator Owners applicable units are on-line and in an operating state that would result in a turbine/governor and load control function response for an event for the first ten years, then verification is required only for the those units.
In those jurisdictions where no regulatory approval is required:

· By the first day of the first calendar quarter, four years following Board of Trustees adoption: 

· Each Generator Owner shall verify at least 30% of its applicable units per Interconnection on a MVA basis.  However, if less than 30% of a Generator Owners applicable units are on-line and in an operating state that would result in a turbine/governor and load control function response for an event for the first two years, then verification is required only for the those units.
· By the first day of the first calendar quarter, six years following Board of Trustees adoption:

· Each Generator Owner shall verify at least 50% (this includes the units verified in the four years) of its applicable units per Interconnection on a MVA basis.  However, if less than 50% of a Generator Owners applicable units are on-line and in an operating state that would result in a turbine/governor and load control function response for an event for the first four years, then verification is required only for the those units.
· By the first day of the first calendar quarter, twelve calendar years following Board of Trustees adoption:

· Each Generator Owner shall verify 100% of its applicable units.  However, if less than 100% of a Generator Owners applicable units are on-line and in an operating state that would result in a turbine/governor and load control function response for an event for the first ten years, then verification is required only for the those units.
B. Requirements

R1.    The Transmission Planner shall provide to the Generator Owner any or all of the following as requested within 30 calendar days: [Violation Risk Factor: LOW] [Time Horizon: Long-term Planning ]
· A list of acceptable turbine/governor and load control models for use in dynamic simulation

· Instructions on how to obtain software manufacturer’s dynamic model library block diagrams and/or data sheets for acceptable turbine/governor and load control models 

· Unit specific data contained in the Transmission Planner’s dynamic database from the current in-use turbine/governor and load control model, including generator MVA base.
R2. The Balancing Authority shall make available to the Generator Owner any or all of the list of system frequency disturbances, including the maximum frequency excursion, date and time (hour, minutes and seconds), for at least the last ten years as requested within 30 calendar days
: [Violation Risk Factor: LOW] [Time Horizon: Long-term Planning ]
· System frequency disturbances +/- 0.05 hertz for the Eastern Interconnection
· +/- 0.10 hertz for the ERCOT and Western Interconnections
· +/- 0.15 hertz for the Quebec Interconnection
R3. Using the appropriate models from the list of acceptable models identified in Requirement R1, the Generator Owner shall  document unit specific turbine / governor and load control model verification information in accordance with the Periodicity specified in Table 1 based upon
 the recorded response for at least 30 seconds for a system frequency excursion at the generator.  The following unit specific information shall also be provided to the Transmission Planner within 60 calendar after verification, and to the Reliability Coordinator, Transmission Operators, or Planning Coordinators within 60 calendar days of the request: [Violation Risk Factor: MEDIUM] [Time Horizon: Long-term Planning]
1) Manufacturer, model number if available, and type of turbine/governor and load control equipment.

2) A description of the turbine e.g. for Hydro turbine - Kaplan, Francis, or Pelton; for steam turbine - boiler type, normal fuel type, and turbine type; or for gas turbine - the type and manufacturer.
3) Turbine/governor and load control model structure and data.  If applicable, the model selected shall include representation of the real power response effects of outer loop controls (such as operator set point controls, load control, etc. but excluding AGC control) which would override the governor response (including blocked or nonfunctioning governors or modes of operation that limit Frequency Response).
4) Documentation from the turbine/governor and load control model verification activities including the turbine/governor and load control model’s on-line response compared to the recorded response for either a frequency excursion from a system disturbance (an ambient event), or a frequency reference change.
5) 
· 
R4. Within 90 calendar days of receipt of turbine/governor and load control model verification information from its Generator Owner, the Transmission Planner shall conduct the following analyses and inform its Generator Owner whether the turbine/governor and load control model is useable or shall provide the details including a technical description of why the turbine/governor and load control model is not useable. [Violation Risk Factor: LOW] [Time Horizon: Long-term Planning]
1) Utilize the turbine/governor and load control model in dynamic simulation software

2) Determine if the turbine/governor and load control model initializes properly
3) Determine if a no-disturbance simulation results in negligible transients
4) Determine if for an otherwise stable simulation, a disturbance simulation results in the turbine/governor and load control model exhibiting positive damping

R5. Within 90 calendar days of written notification of any of the following, the Generator Owner shall provide a written response to the entity that submitted that notice that indicates whether the Generator Owner will change the generator turbine/governor and load control model.  The written response provided by the Generator Owner shall include either the technical basis for not changing the model; a list of future changes to the model; or a plan to perform a re-verification
 of the model in accordance with Requirement R3. [Violation Risk Factor: LOW] [Time Horizon: Long-term Planning]
· Receipt of a Transmission Planner’s notification that the turbine/governor and load control model is not useable (Requirement R4).
· Receipt of a Transmission Planner’s or a Planning Coordinator’s written comments detailing technical concerns with the Generator Owner’s turbine/governor and load control model verification documentation.
· Receipt of a Transmission Planner’s or Reliability Coordinator’s written comments including dated electronic or hard copy evidence indicating that the predicted turbine/governor and load control model response did not match the recorded turbine/governor and load control response to a transmission system event.

R6. Each Generator Owner shall perform a review of its current turbine/governor and load control model and model parameters when activities occur that alter turbine/governor droop, and/or deadband, and/or load control, and within 180 days of the completion of these activities provide the Transmission Planner either the new model parameters, or indicate plans to perform a re-verification
 in accordance with Requirement R3. [Violation Risk Factor: LOW] [Time Horizon: Long-term Planning]
· 
· 
· 
· 
R7.  If a Generator Owner receives a request from its Planning Coordinator to review one or more
 additional turbine/governor and load control models (for generating unit(s) not otherwise identified in MOD-027 Turbine/Governor and Load Control Model Verification Periodicity Table 1 Scenarios 1 – 2), and if that request is accompanied by a technical justification demonstrating that the unit did not provide the expected governing response; then the Generator Owner shall provide a written response to its Planning Coordinator within 90 calendar days of the receipt of the Planning Coordinator’s request, that includes the following for each unit identified in the Planning Coordinator’s request: Corrected turbine/governor and load control model data accompanied by an explanation regarding the source of the revised data (such as the discovery of “a manufacturer’s data and model” replacing a generic model and data, updating of data parameters based on walk down of equipment, etc) if available, or a plan to perform a verification in accordance with Requirement R3.  [Violation Risk Factor: LOW] [Time Horizon: Long-term Planning]
C. Measures

M1. Each Transmission Planner shall provide evidence (such as dated electronic mail messages or mail receipts or URL address of a list of models) that it provided a set of acceptable excitation control system models, where to obtain the block diagram and/or data sheets, and/or the unit specific data contained in the Transmission Planner’s dynamic database in accordance with Requirement R1.
M2. Each Balancing Authority shall provide evidence (such as dated electronic mail messages or mail receipts or URL address of a list of frequency excursions) that it provided the list of system frequency disturbances, including the maximum frequency excursion, date and time (hour, minutes and seconds), for at least the last ten years in accordance with Requirement R2.
M3. Each Generator Owner shall provide evidence (such as dated electronic mail messages or mail receipts) that it verified its turbine/governor and load control model(s) and provided the unit specific information listed in Requirement R3 within the time period specified in Requirement R3.
M4. Each Transmission Planner shall provide evidence (such as dated electronic mail messages or mail receipts) that within 90 calendar days of receipt of the turbine/governor and load control data (Requirement R4) it informed the Generator Owner if the turbine/governor and load control model provided by that Generator Owner was useable.  If the Transmission Planner determined that the turbine/governor and load control model was not useable, the Transmission Planner shall have a copy of the detailed information it sent to the Generator Owner to substantiate that determination in accordance with Requirement R4.
M5. Each Generator Owner shall provide evidence (such as dated electronic mail messages or mail receipts and the actual notice received and a copy of any response including supporting information) that it provided a written response within 90 calendar days in accordance with Requirement R5 following  1) receipt of a Transmission Planner’s notification that the turbine/governor and load control model is not useable or, 2) receipt of a Transmission Planner’s or a Planning Coordinator’s written comments detailing technical concerns with the Generator Owner’s turbine/governor and load control model verification documentation or, 3) receipt of a Transmission Planner’s or Reliability Coordinator’s written comments including dated electronic or hard copy evidence that the recorded turbine/governor and load control response to a Transmission system event did not match the predicted excitation control system model response.

M6. Each Generator Owner shall provide evidence (such as dated electronic mail messages or mail receipts) that it provided a written response within 180 calendar days documenting that the response has not changed or that it plans to perform a re-verification in accordance with Requirement R6. 
M7. Each Generator Owner shall provide evidence (such as dated electronic mail messages or mail receipts and the actual notice received and a copy of any response including supporting information) that it provided a written response within 90 calendar days including corrected turbine/governor and load control model data, if available, and/or indicating plans to perform verification(s) of any additional unit(s) in accordance with Requirement R7.
WITH THE EXCEPTION OF THE REFERNCES SECTION AT THE VERY END OF THE DOCUMENT, EVERYTHING BELOW SHOULD NOT BE REVIEWED !!!!!!!

D. Compliance – DO NOT REVIEW!!!!!
1.    Compliance Monitoring Process

A. Compliance Enforcement Authority
Regional Entity

B. Regional Entity Compliance Monitoring Period and Reset
Not Applicable

C. Compliance Monitoring and Enforcement Processes:

Compliance Audits

Self-Certifications

Spot Checking

Compliance Violation Investigations

Self-Reporting

Complaints

D. Data Retention

The Generator Owner and Transmission Planner shall each keep data or evidence to show compliance as identified below unless directed by its Compliance Enforcement Authority to retain specific evidence for a longer period of time as part of an investigation:

· The Transmission Planner shall retain requests for data received and the data submitted for Requirement 1, as specified in M1, for 3 calendar years. 

· The Generator Owner shall retain dated evidence that it provided the latest and prior excitation control system model verifications for Requirement 2, as specified in M2.
· The Transmission Planner shall retain dated evidence of Requirement 3, as specified in M3, for 3 calendar years.

· The Generator Owner shall retain dated evidence that it provided a written response to communicate the results of the requested assessment of the excitation control system model for Requirement 4, as specified in M4, for the last 3 calendar years.

· The Generator Owner shall retain the list of activities and evidence that it provided a written response to communicate the results of subsequent assessments for Requirement 5, as specified in M5, for the last 3 calendar years.

· The Generator Owner shall retain evidence that it provided a written response to communicate the results of subsequent assessment for Requirement 6, as specified in M6, for the last 3 calendar years.

If a Generator Owner or Transmission Planner is found non-compliant, it shall keep information related to the non-compliance until found compliant. 

The Compliance Enforcement Authority shall keep the last audit records and all requested and submitted subsequent audit records.

E. Additional Compliance Information

None

2.    Violation Severity Levels – DO NOT REVIEW!!!
	R #
	VRF
	Lower VSL
	Moderate VSL
	High VSL
	Severe VSL

	R1.
	Low
	The Transmission Planner provided the list of model data sheets and/or where to obtain the block diagrams and/or datasheets and/or the unit specific data from the current in-use excitation system model in accordance with R1 more than 30 calendar days but less than or equal to 60 calendar days following a request from the Generator Owner.
	The Transmission Planner provided the list of model data sheets and/or where to obtain the block diagrams and/or datasheets and/or the unit specific data from the current in-use excitation system model in accordance with R1 more than 60 calendar days but less than or equal to 70 calendar days following a request from the Generator Owner.
	The Transmission Planner provided the list of model data sheets and/or where to obtain the block diagrams and/or datasheets and/or the unit specific data from the current in-use excitation system model in accordance with R1 more than 70 calendar days but less than or equal to 80 calendar days following a request from the Generator Owner.
	The Transmission Planner provided the list of model data sheets and/or where to obtain the block diagrams and/or datasheets and/or the unit specific data from the current in-use excitation system model in accordance with R1 more than 80 calendar days following a request from the Generator Owner.


	R2
	Medium
	For each applicable unit, the Generator Owner failed to include one but no more than three of the elements listed in MOD-026-1 Requirement R1 Parts 1 - 6. 
	For each applicable unit, the Generator Owner failed to include four of the elements listed in MOD-026-1 Requirement R1 Parts 1 - 6.
	For each applicable unit, the Generator Owner failed to include five of the elements listed in MOD-026-1 Requirement R1 Parts 1 - 6.
	For each applicable unit, the Generator Owner failed to include all of the elements listed in MOD-026-1 Requirement R1 Parts 1 - 6.

	R3
	Low
	The Transmission Planner contacted the Generator Owner more than 90 calendar days but less than or equal to 120 calendar days of receipt of the model data regarding the usability of the model in accordance with R3 for all models submitted by the Generator Owner
	The Transmission Planner contacted the Generator Owner more than 120 calendar days but less than or equal to 130 calendar days of receipt of the model data regarding the usability of the model in accordance with R3 for all models submitted by the Generator Owner
	The Transmission Planner contacted the Generator Owner more than 130 calendar days but less than or equal to 140 calendar days of receipt of the model data regarding the usability of the model in accordance with R3 for all models submitted by the Generator Owner
	The Transmission Planner contacted the Generator Owner more than 140 calendar days, or not at all, of receipt of the model data regarding the usability of the model in accordance with R3 for all models submitted by the Generator Owner

	R4
	Low
	The Generator Owner provided evidence that it provided a written response

in accordance with R4 more than 90 calendar days but less than or equal to120 calendar days of receipt of the notification


	The Generator Owner provided evidence that it provided a written response

in accordance with R4 more than 120 calendar days but less than or equal to150 calendar days of receipt of the notification


	The Generator Owner provided evidence that it provided a written response

in accordance with R4 more than 150 calendar days but less than or equal to180 calendar days of receipt of the notification


	The Generator Owner provided evidence that it provided a written response

in accordance with R4 more than 180 calendar days, or not at all, of receipt of the notification



	R5
	Low
	The Generator Owner provided evidence that it maintained a list documenting when activities that may alter the equipment response have been performed and provided a written response in accordance with R5 more than 90 calendar days but less than or equal to120 calendar days when these activities occurred.
	The Generator Owner provided evidence that it maintained a list documenting when activities that may alter the equipment response have been performed and provided a written response in accordance with R5 more than 120 calendar days but less than or equal to150 calendar days when these activities occurred.
	The Generator Owner provided evidence that it maintained a list documenting when activities that may alter the equipment response have been performed and provided a written response in accordance with R5 more than 150 calendar days but less than or equal to180 calendar days when these activities occurred.
	The Generator Owner provided evidence that it maintained a list documenting when activities that may alter the equipment response have been performed and provided a written response in accordance with R5 more than 180 calendar days, or not at all, when these activities occurred

	R6
	Low
	The Generator Owner provided evidence that it provided a written response in accordance with R6 more than 90 calendar days, but less than or equal to 120 calendar days when these activities occurred.
	The Generator Owner provided evidence that it provided a written response in accordance with R6 more than 120 calendar days, but less than or equal to 150 calendar days when these activities occurred.
	The Generator Owner provided evidence that it provided a written response in accordance with R6 more than 150 calendar days, but less than or equal to 180 calendar days when these activities occurred.
	The Generator Owner provided evidence that it provided a written response in accordance with R6 more than 180 calendar days, or not at all, when these activities occurred.


E. References:

The following documents contain technical information beyond the scope of this Standard on turbine/governor and load control functions, models, and testing

1) L. Pereira, J. Undrill, D. Kosterev, D. Davies, S. Patterson, “A New Thermal Governor Modeling Approach in the WECC”, Transaction on Power Systems Manuscript No. TPWRS-00453-2002
2) L. Pereira, D. Kosterev, D. Davies, S. Patterson, “New Thermal Governor Model Selection and Validation in the WECC”, Transaction on Power Systems Manuscript No. TPWRS-00542-2002

3) “Frequency Response Standard Whitepaper”, prepared by the Frequency Task Force of the NERC Resources Subcommittee, April 6, 2004, available at http://www.nerc.com/filez/standards/Frequency_Response.html.

4) NERC Reference Document  Understand and Calculating Frequency Response”, developed by the Frequency Response Standard Drafting Team, July 19, 2008, available at…….
5) IEEE Task Force on Generator Model Validation Testing of the Power System Stability Subcommittee, “Guidelines for Generator Stability Model Validation Testing”, Conference Proceedings of the 2007 IEEE PES General Meeting
F. Notes:

1) 
2) The intention of this Reliability Standard is to verify speed/load control system models in a time frame of tens of seconds in order to ensure the potential impacts of over-riding load controllers are captured.
3) For hydro generators, a detailed model of the governor with tuning for small and large system configurations is normally required.

4) For base-load units, there is typically no governor response and a detailed governor model should not be active.

5) For units which can be operated at partial load and provide frequency response, both the speed/load governor and any outer loop limits or set-point control response should be modeled.








� The common transmission voltage level bus(ses) at which the generators’ step up transformers are connected.


� Capacity factor (expressed as a percent) is the net actual energy generation (MW-hours) divided by the product of the period (hours) multiplied by the net max capacity rating (MW). The resultant is multiplied by 100% and is expressed in percent.  For the purposes of this standard, the period (hours) is one year 8760 hours (one year).


� If re-verification is performed, the 10 year period as outlined in Table 1 is reset.


� If re-verification is performed, the 10 year period as outlined in Table 1 will be reset.





�Do GOs have to show proof that their unit is not on line or in a proper operating state for frequency excursions when the GO is claiming they couldn’t verify the model in the last ten years and is now “rolling over” the periodicity waiting for an event.


�Better word for governors.  “Matches” is better for exciters, because the equipment response is the same every time for the same input


�Does this need to go up into the body of R4?


�Perhaps MOD-026 needs this modification also


�Do we need such a requirement for governors??  We need to recognize that matching governor response to events is not the same as matching exciter response to staged or ambient events.





Draft 1: May xx, 2010
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