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Presenter
Presentation Notes
Welcome everyone to the post-approval update for PRC-027-1 Coordination of Protection Systems for Performance During Faults. I am Al McMeekin, Senior Technical Advisor with NERC and I was the Standards Developer for Project 2007-06 System Protection Coordination. I have with me, Mr. Bill Middaugh from Tri-State Generation and Transmission Association in Colorado who served as the Standard Drafting Team Chair. I will provide you with a brief background on the project and then turn it over to Bill to discuss the details of Reliability Standard PRC-027-1 and its implementation plan. 
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• Project 2007-06 System Protection Coordination
 Began in 2007 to address issues with Reliability Standard PRC-001-1 

System Protection Coordination identified by:
o FERC in Order 693
o NERC System Protection and Controls Task Force 

 Standard Development Process 
o SAR posted in June, 2007
o Draft 6 passed final ballot in October, 2015
o Adopted by the NERC BOT in November, 2015
o FERC published NOPR in November, 2017
o FERC issued Order No. 847 approving PRC-027-1 in June, 2018

Background

Presenter
Presentation Notes
Project 2007-06 System Protection Coordination originated in 2007 to address FERC directives and other issues pertaining to PRC-001-1. Standard Development Process PRC-027-1 was posted for six industry comment and ballot periods.The final ballot closed on October 14, 2015 with the standard achieving an approval rating of 80.94 percent. PRC-027 was subsequently adopted by the NERC BOT in November.The Federal Energy Regulatory Commission or FERC published a Notice of Proposed Rulemaking in November of 2017 to vet the standard by garnering industry input. After evaluating the stakeholder comments, FERC issued Order No. 847 approving the standard in June of 2018.  
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• Requirements assigned to incorrect functional entities
• Requirements were vague and not measurable
• Standard mixed operating and planning time horizons
• Lack of clarity around the term “coordinate” and the phrase 

“major transmission lines” used in three of the six requirements
• Standard didn’t contain a requirement addressing short circuit 

modeling data

PRC-001 Issues

Presenter
Presentation Notes
As noted on the previous slide, PRC-001-1 (in 2007) and now PRC-001-1.1(ii) in 2018, PRC-001 had a variety of issues throughout the requirements and measures identified by both the FERC and the NERC  System Protection and Controls Task Force.  Overall, the standard contained terms and phrases that were unclear and ambiguous which led to vague and immeasurable requirements.  And the functional entities assigned to several of the requirements were incorrect as they were the operators of Protection Systems rather than the owners of the Protection Systems. The System Protection Coordination drafting team decided to focus their knowledge and expertise on developing a new standard that concentrated on the coordination aspects of Protection Systems intended to be addressed by Requirements 3 and 4 in PRC-001.  NERC initiated a second project, Project 2007-06.2 Phase 2 of System Protection Coordination to address the remaining requirements (Rs 1, 2, 5, and 6). The final products of the Phase 1 and Phase 2 drafting teams allow for the complete retirement of PRC-001. This will be discussed when we review the Implementation Plan. 
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PRC-027-1 Standard Drafting Team

Presenter
Presentation Notes
Before I turn it over to Bill, I’d like to recognize the members of the Project 2007-06 Standard Drafting Team for their leadership. Over the course of eight years, these six people spent countless hours of their personal time working to improve reliability – their dedication, knowledge and experience was invaluable to the successful development of this standard.
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• Purpose
 To maintain the coordination of Protection Systems installed to detect and 

isolate Faults on Bulk Electric System (BES) Elements, such that those 
Protection Systems operate in the intended sequence during Faults.

• Functional Entities
 Transmission Owner
 Generator Owner
 Distribution Provider (that owns Protection Systems identified in the 

Facilities section)

• Facilities
 Protection Systems installed to detect and isolate Faults on BES Elements

PRC-027-1

Presenter
Presentation Notes
PurposeTo maintain the coordination of Protection Systems installed to detect and isolate Faults on Bulk Electric System (BES) Elements, such that those Protection Systems operate in the intended sequence during Faults.Coordinated Protection Systems enhance reliability by isolating faulted equipment, reducing the risk of BES instability or Cascading, and leaving the remainder of the BES operational and more capable of withstanding the next Contingency. When Faults occur, properly coordinated Protection Systems minimize the number of BES Elements that are removed from service and protect equipment from damage. This standard requires that entities establish and implement a process to coordinate their Protection Systems to operate in the intended sequence during Faults.ApplicabilityTransmission Owners, Generator Owners, and Distribution Providers are included in the Applicability of PRC-027-1 because they may own Protection Systems that are installed for the purpose of detecting Faults on the Bulk Electric System (BES). It is only those Protection Systems that are under the purview of this standard.Transmission Owners are included in the Applicability of PRC-027-1 because they own the largest number of Protection Systems installed for the purpose of detecting Faults on the BES.Generator Owners have Protection Systems installed for the purpose of detecting Faults on the BES. It is important that those Protection Systems are coordinated with Protection Systems owned by Transmission Owners to ensure that generation Facilities do not become disconnected from the BES unnecessarily. Functions such as impedance reaches, overcurrent pickups, and time delays need to be evaluated for coordination.A Distribution Provider may provide an electrical interconnection and path to the BES for generators that will contribute current to Faults that occur on the BES. If the Distribution Provider owns Protection Systems that operate for those Faults, it is important that those Protection Systems are coordinated with other Protection Systems that can be impacted by the current contribution to the Fault of Distribution Provider. Only Distribution Providers that own Protection Systems identified in the Facilities section are subject to the requirements of PRC-027-1.After the Protection Systems of Distribution Providers and Generator Owners are shown to be coordinated with other Protection Systems on the BES, there will be little future impact on the entities unless there are significant changes at or near the bus that interconnects with the Transmission Owner. The Transmission Owner, which is typically the entity maintaining the system model for Fault studies, will provide the Fault current data upon request by the Distribution Provider or Generator Owner. The Distribution Provider and Generator Owner will determine whether a change in Fault current from the baseline has occurred such that a review of coordination is necessary.
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• R1. Each Transmission Owner, Generator Owner, and 
Distribution Provider shall establish a process for developing 
new and revised Protection System settings for BES Elements, 
such that the Protection Systems operate in the intended 
sequence during Faults. The process shall include:
 1.1. A review and update of short-circuit model data for the BES Elements 

under study.
 1.2. A review of the developed Protection System settings.

PRC-027-1, Requirement R1

Presenter
Presentation Notes
Requirement R1 mandates that an entity establish a process to develop settings for its BES Protection Systems to operate in the intended sequence during Faults; and stipulates certain attributes that must be included in the processPart 1.1 The short-circuit study provides the necessary Fault currents used by protection engineers to develop Protection System settings for Transmission Owners, Generator Owners, and Distribution Providers. Generator Owners and Distribution Providers may not have or maintain short-circuit models; consequently, these entities would obtain the short-circuit model data from the Transmission Planners, Planning Coordinators, or Transmission Owners. Including a review and, if necessary, an update of short-circuit study information is necessary to ensure that information accurately reflects the physical power system that will form the basis of the Protection System Coordination Study and development of Protection System relay settings. The results of a short-circuit study are only as accurate as the information that its calculations are based on.A short-circuit study is an analysis of an electrical network that determines the magnitude of the currents flowing in the network during an electrical Fault. Because the results of short-circuit studies are used as the basis for protective device coordination studies, the short-circuit model should accurately reflect the physical power system.Reviews could include:1. A review of applicable BES line, transformer, and generator impedances and Fault currents.2. A review of the network model to confirm the network in the study accurately reflects the configuration of the actual System, or how the System will be configured when the proposed relay settings are installed.3. A review, where applicable, of interconnected Transmission Owner, Generator Owner, and Distribution Provider information.Part 1.2 A review of the developed Protection System settings reduces the likelihood of introducing human error and verifies that the settings produced meet the technical criteria of the entity. Examples of reviews include peer reviews, automated checking programs, and entity-developed review procedures.
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• 1.3. For Protection System settings applied on BES Elements that 
electrically join Facilities owned by separate functional entities 
(Transmission Owners, Generator Owners, and Distribution 
Providers), provisions to:
 1.3.1. Provide the proposed Protection System settings to the owner(s) of 

the electrically joined Facilities 
 1.3.2. Respond to any owner(s) that provided its proposed Protection 

System settings pursuant to Requirement R1, Part 1.3.1 by identifying any 
coordination issue(s) or affirming that no coordination issue(s) were 
identified.

PRC-027-1, Requirement R1

Presenter
Presentation Notes
Requirement R1, Part 1.3 addresses the coordination of Protection System settings applied on BES Elements that electrically join Facilities owned by separate functional entities. Communication among these entities is essential so potential Protection System coordination issues can be identified and addressed prior to implementation of any proposed Protection System changes.Part 1.3.1	Requirement R1, Part 1.3.1 requires the entity to include in its process a provision to provide proposed Protection System settings to other entities. This communication ensures that the other entities have the necessary information to review the settings and determine if there are any Protection System coordination issues.Part 1.3.2Requirement R1, Part 1.3.2 requires the entity receiving proposed Protection System settings to include in its process a provision to respond to the entity that initiated the proposed changes. This ensures that the proposed settings are reviewed and that the initiating entity receives a response indicating Protection System coordination issues were identified, or affirmation that no issues were identified.
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 1.3.3. Verify that identified coordination issue(s) associated with the 
proposed Protection System settings for the associated BES Elements are 
addressed prior to implementation.

 1.3.4. Communicate with the other owner(s) of the electrically joined 
Facilities regarding revised Protection System settings resulting from 
unforeseen circumstances that arise during implementation or 
commissioning, Misoperation investigations, maintenance activities, or 
emergency replacements required as a result of Protection System 
component failure.

PRC-027-1, Requirement R1

Presenter
Presentation Notes
Part 1.3.3Requirement R1, Part 1.3.3 requires the entity to include in their process a provision to verify that any identified coordination issue(s) associated with the proposed Protection System settings are addressed prior to implementation. This ensures that any potential impact to BES reliability is minimized.The exclusion in PRC-001-1.1(ii), Requirement R3, R3.1 for dispersed power producing resources applies only to interconnections between different functional entities. As such, the exclusion only maps to Requirement R1, Part 1.3 in PRC-027-1. Due to the design of dispersed generation sites, the Protection Systems applied on the individual dispersed generation resources are not electrically joined Facilities owned by separate functional entities as specified in Requirement R1, Part 1.3 nor are they connected by BES Elements. Therefore Requirement R1, Part 1.3 does not apply to the Protection Systems applied on the individual dispersed generation resources. Requirement R1, Part 1.3 applies only to the Protection Systems applied on the BES Elements that electrically join Facilities owned by separate functional entities.Note: There could be instances where coordination issues are identified and the entities agree not to mitigate all of the issues based on engineering judgment. It is also recognized that coordination issues identified during a project may not be immediately resolved if the resolution involves additional system modifications not identified in the initial project scope. Further, there could be situations where protection philosophies differ between entities, but the entities can agree that these differences do not create coordination issues.Part 1.3.4Requirement R1, Part 1.3.4 requires the entity to communicate revisions to Protection System settings that occur due to unforeseen circumstances and differ from those developed during the planning stages of projects.
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• R2. Each Transmission Owner, Generator Owner, and 
Distribution Provider shall, for each BES Element with Protection 
System functions identified in Attachment A:
 Option 1: Perform a Protection System Coordination Study in a time 

interval not to exceed six calendar years; or
 Option 2: Compare present Fault current values to an established Fault 

current baseline and perform a Protection System Coordination Study 
when the comparison identifies a 15 percent or greater deviation in Fault 
current values (either three phase or phase to ground) at a bus to which 
the Element is connected, all in a time interval not to exceed six calendar 
years;1 or,

 Option 3: A combination of the above.

Requirement R2

Presenter
Presentation Notes
Rationale for Requirement R2:Over time, incremental changes in Fault current can accumulate enough to impact the coordination of Protection System functions affected by Fault current. To minimize this risk, Requirement R2 requires Transmission Owners, Generator Owners, and Distribution Providers to periodically (1) perform Protection System Coordination Studies and/or (2) review available Fault currents for those Protection System functions listed in Attachment A. The numerical identifiers in Attachment A represent general protective device functions per ANSI/IEEE Standard C37.2 Standard for Electrical Power System Device Function Numbers, Acronyms, and Contact Designations.Requirement R2 provides entities with options to assess the state of their Protection System coordination.Option 1 is a time-based methodology. The entity may choose to perform, at least once every six-calendar years, a Protection System Coordination Study for each of its Protection Systems identified in Attachment A. The six-calendar-year time interval was selected as a balance between the resources required to perform the studies and the potential reliability impacts created by incremental changes of Fault current over time.Option 2 is a Fault current-based methodology. If Option 2 is initially selected, Fault current baseline(s) must be established prior to the effective date of this Reliability Standard. A baseline may be established when a new BES Element is installed or after a Protection System Coordination Study has been performed. The baseline(s) will be used as control point(s) for future Fault current comparisons. The Fault current baseline values can be obtained from the short-circuit studies performed by the Transmission Planners, Planning Coordinators, or Transmission Owners. In a time interval not to exceed six-calendar years following the effective date of this standard, an entity must perform a Fault current comparison. If the comparison identifies a deviation less than 15 percent, no further action is required for that six-year interval; however, if the comparison identifies a 15 percent or greater deviation in Fault current values (either three-phase or phase-to-ground) at each bus to which the BES Element is connected, the entity must also perform a Protection System Coordination Study during the same six-year interval. The baseline Fault current value(s) will be re-established whenever a new Protection System Coordination Study is performed. Fault current changes on the System not directly associated with BES modifications are usually small and occur gradually over time. The accumulation of these incremental changes could affect the performance of Protection System functions (identified in Attachment A of this standard) during Fault conditions. A Fault current deviation threshold of 15 percent or greater (as compared to the established baseline) and a maximum time interval of six calendar years were chosen for these evaluations. These parameters provide an entity with latitude to choose a Fault current threshold and time interval that best match its protection philosophy, Protection System maintenance schedule, or other business considerations, without creating risk to reliability (See the Supplemental Material section for more detailed discussion).Option 3 provides the entity the choice of using both the time-based and Fault current-based methodologies. For example, the entity may choose to utilize the time-based methodology for Protection Systems at more critical Facilities and use the Fault current-based methodology for Protection Systems at other Facilities.
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• New Defined Term
 Protection System Coordination Study (PSCS)

An analysis to determine whether Protection Systems operate in the 
intended sequence during Faults.

Protection System Coordination Study
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• The initial Fault current baseline(s) shall be established by the 
effective date of this Reliability Standard and updated each time 
a Protection System Coordination Study is performed. The Fault 
current baseline for BES generating resources may be 
established at the generator, the generator step-up (GSU) 
transformer(s), or at the common point of connection at 100 kV 
or above. For dispersed power producing resources, the Fault 
current baseline may also be established at the BES aggregation 
point (total capacity greater than 75 MVA). If an initial baseline 
was not established by the effective date of this Reliability 
Standard because of the previous use of an alternate option or 
the installation of a new BES Element, the entity may establish 
the baseline by performing a Protection System Coordination 
Study.

Footnote 1

Presenter
Presentation Notes
The footnote in Option 2 describes how an entity may change from a time-based option to a Fault current-based option for existing BES Elements as well as establishing baselines for new BES Elements by performing Protection System Coordination Studies. The footnote also states that Fault current baselines for BES generating resources may be established at the generator, the generator step-up (GSU) transformer(s), or at the common point of connection at 100 kV or above. For dispersed power producing resources, the Fault current baseline may also be established at the BES aggregation point (total capacity greater than 75 MVA).Key pointIf Option 2 is initially used, the Fault current baseline must be established prior to the Effective Date (24 months after regulatory approval)Once a PSCS is performed, the entity may reset or establish a Fault current baseline.Now the initial baseline will result from a fault current study performed by the time of the effective date. This removed the need to have legacy baseline Fault current searches.  A new baseline can be established by performing a new PSCS for an existing Protection System or when one is performed for a new Element’s Protection System.
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• The following Protection System functions are applicable to 
Requirement R2 if available Fault current levels are used to 
develop the settings for those Protection System functions:

• 21 – Distance if:
 infeed is used in determining reach (phase and ground distance), or
 zero-sequence mutual coupling is used in determining reach (ground 

distance).

• 50 – Instantaneous overcurrent
• 51 – AC inverse time overcurrent
• 67 – AC directional overcurrent if used in a non-communication-

aided protection scheme

Attachment A

Presenter
Presentation Notes
The Protection System functions listed in Attachment A utilize AC current in their measurement to initiate tripping of circuit breakers and the coordination of these functions is susceptible to changes in the magnitude of available short-circuit Fault current. These functions are included in Attachment A based on meeting the following criteria: (1) available Fault current levels are used to develop settings, and (2) the functions require coordination with other Protection Systems. Examples of functions not included in Attachment A because they do not meet both of the criteria are differential relays and Fault detectors. The numerical identifiers in Attachment A represent general device functions according to ANSI/IEEE Standard C37.2 Standard for Electrical Power System Device Function Numbers, Acronyms, and Contact Designations.Notes contained in Attachment A:The above Protection System functions are susceptible to changes in the magnitude of available short-circuit Fault current. These functions utilize current in their measurement to initiate tripping of circuit breakers. The functions listed above are included in a Protection System Coordination Study because they require coordination with other Protection Systems.See the PRC-027-1 Supplemental Material section for additional information. ANSI/IEEE Standard C37.2 Standard for Electrical Power System Device Function Numbers, Acronyms, and Contact Designations.
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• R3. Each Transmission Owner, Generator Owner, and 
Distribution Provider shall utilize its process established in 
Requirement R1 to develop new and revised Protection System 
settings for BES Elements.

Requirement R3

Presenter
Presentation Notes
The reliability objective of this requirement is for applicable entities to utilize the process established in Requirement R1. Utilizing each of the elements of the process ensures a consistent approach to the development of accurate Protection System settings, decreases the possibility of introducing errors, and increases the likelihood of maintaining a coordinated Protection System.
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• Implementation Plan 
 Effective date is the first day of the first calendar quarter that is twenty-

four (24) months after the date that the standard is approved by an 
applicable governmental authority. October 1, 2020

 Commensurate with implementation of PER-006-1 Specific Training for 
Personnel developed by the drafting team for Phase 2 of System 
Protection Coordination for the complete retirement of PRC-001-1.1(ii)

• Required on effective date:
 R1 – documented process
 R2 – a Fault current baseline (if using Option 2)
 R3 – utilize the process 

Implementation Plan

Presenter
Presentation Notes
Effective Date for New or Modified NERC Glossary TermsThe NERC Glossary Term “Protection System Coordination Study” shall become effective on the effective date for PRC-027-1.In conjunction with Project 2007-06.2 Phase 2 of System Protection Coordination, PRC-001-1.1(ii) will be completely retired. Please see the Implementation Plans associated with both projects on the respective project pages. As discussed earlier, Requirements R3 and R4 of PRC-001-1.1(ii) are addressed by PRC-027-1 – Coordination of Protection Systems for Performance During Faults.Requirements R1, R2, R5, and R6 are proposed for retirement in Project 2007-6.2 Phase 2 of System Protection Coordination. See the Mapping Document for an explanation of how the reliability objectives of those requirements are addressed by other standards, the proposed PER-006-1 – Specific Training for Personnel, and the proposed modified definitions of Operational Planning Analysis (OPA) and Real-time Assessment (RTA). Initial Performance of Requirement R2For each option under Requirement R2, the six-calendar-year interval begins on the effective date of PRC-027-1. The initial Protection System Coordination Study(ies) for Option 1, and the Fault current comparison(s) and any Protection System Coordination Study(ies) required as a result of the Fault current comparison(s) in Option 2 must be completed in accordance with Requirement R2 no later than six-calendar years after the effective date of PRC-027-1. However, applicable entities using Option 2 for their initial performance of Requirement R2 must establish an initial Fault current baseline by the effective date of PRC-027-1.RetirementsPRC-001-1.1(ii) – System Protection Coordination shall be retired at midnight of the day immediately prior to the day that PER-006-1 and PRC-027-1 become effective.
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• Corrects the Applicability
• Clarifies the purpose of the Standard
• Provides a clear set of Requirements that obligate entities to:
 Establish and implement processes for developing and coordinating new 

and revised Protection System settings
 Periodically verify that the Protection Systems that could be affected by 

incremental changes in Fault current remain coordinated (continue to 
operate in their intended sequence during Faults)

• Provides a specific list of the protection system functions on all 
Bulk Electric System elements that require coordination

Conclusion

Presenter
Presentation Notes
In conclusion, PRC-027-1 clarifies the coordination aspects and incorporates the reliability objectives of Requirements R3 and R4 from PRC-001 by:• Assigning the responsibility for performing coordination responsibilities to the owners of the Protection Systems whose functional obligations include setting, coordinating, and maintaining Protection Systems.• Clarifying that proposed PRC-027-1 pertains to the coordination of Protection Systems associated with Fault clearing.• Clarifying that the scope of the proposed standard applies to any Protection System installed to detect and isolate Faults on BES Elements, regardless of location (i.e., internal lines as well as tie-lines).• Adding a Requirement that applicable entities establish and use a process to develop settings for their BES Protection Systems that must contain certain specified attributes one of which is verifying.• Adding a Requirement that applicable entities periodically perform Protection System Coordination Studies and/or review Fault current values for existing Protection Systems applied on BES Elements that are identified as being affected by changes in Fault current to determine whether the settings continue to be appropriate.
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Presenter
Presentation Notes
This concludes the update for PRC-027-1 Coordination of Protection Systems for Performance During Faults. Thank you for your time.
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