Standard PRC-006-01 — Automatic Underfrequency Load Shedding


Standard Development Roadmap

This section is maintained by the drafting team during the development of the standard and will be removed when the standard becomes effective.  
Development Steps Completed:

1. The Standards Committee approved the SAR for posting on November 21, 2006

2. SAR posted for comments on November 29, 2006.

3. The Standards Committee appointed a SAR Drafting team on January 11, 2007.

4. SAR Drafting Team responds to comments, revises SAR and posts for comments on February 7, 2007.

5. SAR Drafting Team responds to comments on April 20, 2007.

6. Standards Committee approves development of Standard on April 10, 2007.

7. The Standards Committee appointed the Standard Drafting Team on April 10, 2007.

8. The Standards Drafting Team posted draft performance characteristics for comment on July 2, 2008.

9. Standards Drafting Team responds to comments, revises standard and posts for comments on April 15, 2009. 

10. Standards Drafting Team responds to comments, revises standard and posts for comments on November XX, 2009.
Proposed Action Plan and Description of Current Draft:

This is the third posting of the proposed standard for a 45 day comment period, from November XX   –  
Future Development Plan:

	Anticipated Actions
	Anticipated Date

	1. Respond to comments on the draft of the proposed standard and implementation plan.
	February, 2010

	2. Obtain the Standards Committee’s approval to move the standard forward to balloting.
	March, 2010

	3. Post the standard and implementation plan for a 30-day pre-ballot review.
	April, 2010

	4. Conduct an initial ballot for ten days.
	May, 201-

	5. Respond to comments submitted with the initial ballot.
	June, 2010

	6. Conduct a recirculation ballot for ten days.
	June, 2010

	7. BOT adoption.
	


A. Introduction

1. Title: Automatic Underfrequency Load Shedding


2. Number: PRC-006-01 

3. Purpose: To establish design and documentation requirements for automatic underfrequency load shedding (UFLS) programs to arrest declining frequency and assist recovery of frequency following underfrequency events. 
4. Applicability:

4.1. Planning Coordinators
4.2. Distribution Providers that do not have an agreement with Transmission Owners to provide UFLS

4.3. Transmission Owners:

4.3.1 That have an agreement with Distribution Providers to provide UFLS, or

4.3.2 That own Elements identified in the UFLS program design

5. (Proposed) Effective Date: The standard is effective the first day of the first calendar quarter after applicable regulatory approvals (or the standard otherwise becomes effective the first day of the first calendar quarter after NERC Board of Trustees adoption in those jurisdictions where regulatory approval is not required).  


B. Requirements

R1. Each Planning Coordinator shall join a group consisting of all the Planning Coordinators within the region for each of the regions in which it performs the Planning Coordinator function. [VRF: Lower][Time Horizon: Long-term Planning]

R2. Each group of Planning Coordinators shall develop and document criteria, including consideration of historical events and system studies, to select portions of the Bulk Electric System (BES), including portions of adjacent interconnected regions, that may form islands. [VRF: Lower][Time Horizon: Long-term Planning]
R3. Each group of Planning Coordinators shall identify an island(s) as a basis for designing a UFLS program including: [VRF: Medium][Time Horizon: Long-term Planning]

3.1. Those islands selected by applying the criteria in Requirement R2 and

3.2. Any portions of the BES that are designed to be detached from the interconnection (planned islands) as a result of the operation of a relay scheme or special protection system and

3.3. Any other islands necessary to ensure that all portions of the region’s BES are included in at least one island.

R4. Each group of Planning Coordinators shall develop an UFLS program including a schedule for application across the region, and including technical design parameters required to meet the following performance characteristics in simulations of underfrequency conditions resulting from an imbalance scenario, where an imbalance = [(load — actual generation output) / (load)], of up to 25 percent within the identified island(s): [VRF: High][Time Horizon: Long-term Planning]

4.1. Frequency shall remain above the Under Frequency Performance Characteristic curve in Attachment 1 and

4.2. Frequency shall remain below the Over Frequency Performance Characteristic curve in Attachment 2 and

4.3. Control voltage during and following UFLS operations such that the per unit Volts per Hz (V/Hz) does not exceed 1.18 for longer than two seconds cumulatively per simulated event, and does not exceed 1.10 for longer than 45 seconds cumulatively per simulated event at each generator bus and generator step-up transformer high-side bus associated with any: 


4.3.1.
Individual generating units greater than 20 MVA (gross nameplate rating) or generating plants/facilities greater than 75 MVA (gross aggregate nameplate rating) directly connected to the BES or any facility consisting of one or more units that are connected to the bulk power system at a common bus with total generation above 75 MVA gross nameplate rating 
R5. Each group of Planning Coordinators shall conduct a UFLS assessment at least once every five years that determines through dynamic simulation whether the UFLS program design meets the performance characteristics in Requirement R4. The simulation shall ; [VRF: High][Time Horizon: Long-term Planning]

5.1. Model the underfrequency trip settings of individual generating units greater than 20 MVA (gross nameplate rating) or generating plant/facilities greater than 75 MVA (gross aggregate nameplate rating) directly connected to the BES or any facility consisting of one or more units that are connected to the bulk power system at a common bus with total generation above 75 MVA gross nameplate rating that trip above the Generator Underfrequency Trip Modeling curve in Attachment 1and 

5.2. Model the overfrequency trip settings of  individual generating units greater than 20 MVA (gross nameplate rating) or generating plant/facilities greater than 75 MVA (gross aggregate nameplate rating) directly connected to the BES or any facility consisting of one or more units that are connected to the bulk power system at a common bus with total generation above 75 MVA gross nameplate rating that trip below the Generator Over-frequency Trip Modeling curve in Attachment 2 and
5.3. Model any automatic load restoration that impacts frequency stabilization and operates within the duration of the simulations run for the assessment.
R6. Each group of Planning Coordinators shall reach concurrence on assessment results with their adjacent region’s group of Planning Coordinators for any islands identified by any one region’s group of Planning Coordinators that straddle the respective interconnected regions. [VRF: Medium][Time Horizon: Long-term Planning]

R7. Each group of Planning Coordinators shall annually maintain a database for use in event analyses and assessments of the UFLS program. [VRF: Lower][Time Horizon: Long-term Planning]

R8. Each Transmission Owner that has an agreement with Distribution Providers to provide UFLS and each Distribution Provider that does not have an agreement with Transmission Owners to provide UFLS shall provide data to its group of Planning Coordinators according to the format and schedule specified by the group of Planning Coordinators to support maintenance of the database. [VRF: Lower Time Horizon: Long-term Planning]

R9. Each Transmission Owner that has an agreement with Distribution Providers to provide UFLS and each Distribution Provider that does not have an agreement with Transmission Owners to provide UFLS shall provide automatic tripping of load in accordance with the UFLS program design and schedule for application determined by the group of Planning Coordinators for each region in which it operates. [VRF: High][Time Horizon: Long-term Planning]

R10. Each Transmission Owner shall provide automatic switching of  Elements in accordance with the UFLS program design. [VRF: High][Time Horizon: Long-term Planning]

R11. Each group of Planning Coordinator(s), in whose region(s) an event resulting in 500 MW or greater of UFLS actuated loss of load occurs, shall conduct an assessment of the performance of UFLS equipment and the UFLS program effectiveness during that event within one year of actuation.  For an event resulting in 500 MW or greater of UFLS actuated loss of load that affects multiple regions, the groups of Planning Coordinators in those regions shall reach concurrence on the assessment results. [VRF: Medium][Time Horizon: Operations Assessment]

C. Measures (TO BE REVISED BASED ON CHANGES TO REQUIREMENTS)

M1. Each Planning Coordinator shall provide evidence that it joined a group consisting of all the Planning Coordinators within the region for each of the regions in which it performs the Planning Coordinator function per Requirement R1. 
M2. Each Planning Coordinator shall provide evidence that its group of Planning Coordinators developed and documented its criteria, including consideration of historical events and system studies, to select portions of the Bulk Electric System that may form islands per Requirement R2.
M3. Each Planning Coordinator shall provide evidence that its group of Planning Coordinators identified an island(s) as a basis for designing a UFLS program per Requirement R3. 
M4. Each Planning Coordinator shall provide evidence that its group of Planning Coordinators developed an UFLS program per Requirement R4.  
M5. Each Planning Coordinator shall provide evidence that its group of Planning Coordinators conducted an UFLS assessment per Requirement R5. 
M6. Each Planning Coordinator shall provide evidence that its group of Planning Coordinators reached concurrence on assessment results with their adjacent region’s group of Planning Coordinators for any islands identified by any one region’s group of Planning Coordinators that straddle the respective interconnected regions per Requirement R6.
M7. Each Planning Coordinator shall provide evidence that its group of Planning Coordinators annually maintained a database for use in event analyses and assessments of the UFLS program per Requirement R7. 
M8. Each Transmission Owner that has an agreement with a Distribution Provider(s) to provide UFLS and each Distribution Provider that does not have an agreement with a Transmission Owner(s) to provide UFLS shall provide evidence that it provided data to its group of Planning Coordinators according to the format and schedule specified by the group of Planning Coordinators to support maintenance of the database per Requirement R8.
M9. Each Transmission Owner that has an agreement with a Distribution Provider(s) to provide UFLS and each Distribution Provider that does not have an agreement with a Transmission Owner(s) to provide UFLS shall provide evidence that it provided automatic tripping of load in accordance with the UFLS program design and schedule for application determined by the group of Planning Coordinators for each region in which it operates per Requirement R9.

M10. Each Transmission Owner shall provide evidence that it provided automatic switching of Facilities in accordance with the UFLS program design per Requirement R10.

M11. Each Planning Coordinator shall provide evidence that its group of Planning Coordinators conducted an assessment of the performance of the UFLS equipment and associated Facilities, and reached concurrence on assessment results if applicable, for events per Requirement R11.
M12. 
M13. 
M14. 
M15. 
M16. 
M17. 
M18. 
M19. 
M20. 
M21. 
D. Compliance

6. Compliance Monitoring Process

6.1. Compliance Enforcement Authority

Text

6.2. Compliance Monitoring Period and Reset Time Frame
Not applicable.

6.3. Data Retention

Text

6.4. Compliance Monitoring and Assessment Processes

Text

6.5. Additional Compliance Information

Text

7. Violation Severity Levels

	R #
	Lower VSL
	Moderate VSL
	High VSL
	Severe VSL

	
	
	
	
	


E. Regional Variances

Hydro-Quebec 

4.1. Frequency shall remain above the Under Frequency Performance Characteristic curve in Attachment 1A 
5.1. Model the underfrequency trip settings of generators (same as generators in 4.4) that trip above the the Generator Underfrequency Trip Modeling curve in Attachment 1A 


4.1 
F. Associated Documents

Version History

	Version
	Date
	Action
	Change Tracking

	
	
	
	

	
	
	
	


[image: image1.emf]Underfrequency Curves for Requirements R4 Part 4.1 and R5 Part 5.1
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[image: image2.emf]Overfrequency Curves for Requirements R4 Part 4.2 and R5 Part 5.2
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[image: image3.emf]Attachment 1A 

Underfrequency curves for Requirements R4 Part 4.1 and R5 Part 5.1 
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[image: image4.emf]Attachment 2A 

Overfrequency curves for Requirements R4 Part 4.2 and R5 Part 5.2 

60.0

61.0

62.0

63.0

64.0

65.0

66.0

67.0

0.1 1 10 100 1000 10000

Time (sec)

Frequency (Hz)

Quebec Generator Trip Modeling (Requirement R5.2) Quebec Frequency Performance Characteristic (Requirement 4.2)








�The SDT needs to consider whether these bullets should be numbered. - 9/2 - agreed that they should be AND statements and agreed to add "and" to each statement to clarify the intent (will make sure this is consistent across the standard) 





�conducted a vote on 10/6 - 6 team members voted to change 4.4.1 and 4.4.2 and 5.1 and 5.2 to BES / 4 team members voted to keep 60 kV. 


�We will include the proposed PRC-024 curve as the criterion for determining which generator protections must be modeled.


�The VRF should be revisted after consideration of requirements in the present PRC-009 and if R7 is reconsidered as to whether the assessment if of the program design or the program implementation.


10/5 - the team checked PRC-009 and that standard does not contain data requirements (all of PRC-009 is a medium). 


�9/2 - the team identified the need to have an implementation transition time in this requirement to account for changes in the program. A change was made to Requirement R4 to add that the PC's must come up with a Program and implementation schedule  


9/14 - the team added reactive power device tripping to the requirement as noted above - the team will discuss/agree to at the next meeting 


one proposal included modifying "tripping of load" to switching of load


��Why wouldn't we want to keep these examples of evidence?


�Use of the criteria in Requirement R2 is only one piece of Requirement R3, and it is not necessary that the criteria in Requirement R2 produce and island if part 3.2 or part 3.3 produces an island.


�


10/5/09 - Si Truc is to create a UF and generator tripping curves for HQ to become Attachment 1A 


�R4.1 Frequency decline shall be arrested at no less than 58.0 Hz.  (56Hz) A lower threshold for arresting frequency decline is permitted for the Québec Interconnection.[1]





[1] Due to the unique nature of the Hydro-Québec network (being asynchronous from the rest of the Region and primarily having hydraulic generation), the requirement for arresting frequency at or above 58.0 Hz has been relaxed for the Québec interconnection.  Hydro-Québec has conducted an analysis to develop modifications to ensure its UFLS program is capable of reliably arresting and recovering declining frequency to meet performance objectives in the Regional criteria.
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