
 
 

Meeting Notes 
Project 2010-05.3 Remedial Action Schemes 
Standard Drafting Team 
January 19-22, 2015 | 8:00 p.m. – 5:00 p.m. PT 
 
Southern California Edison 
Pomona, CA 
 
Administrative 

• Introductions and chair remarks 

Gene Henneberg, the chair, brought the meeting to order on Monday, January 19, 2015 and 
welcomed everyone. Those in attendance were: 

 

Name Company Member/ 
Observer 

In 
Person 

Conference 
Call/Web 

Gene Henneberg NV Energy / Mid-American Member X  

Bobby Jones Southern Company Member X  

Amos Ang Southern California Edison Member X  

Sharma Kolluri Entergy Member X  

Alan Engelmann ComEd / Exelon Member X  

Davis Erwin Pacific Gas and Electric Member X  

Charles-Eric Langlois  Hydro-Quebec TransEnergie Member X  

Robert J. O'Keefe American Electric Power Member X  

Hari Singh (Jan 20-22 
only) 

Xcel Energy Member X  

Al McMeekin NERC Member X  

Lacey Ourso  NERC Member X  

 



 

Name Company Member/ 
Observer 

In 
Person 

Conference 
Call/Web 

Syed Ahmad FERC Observer X  

Jonathan Meyer  Idaho Power Observer X  

Bill Edwards NERC Observer  X 

Matthew C Veghte Peak Reliability Observer  X 

 
 

• Determination of quorum 

The rule for NERC standard drafting team (SDT or team) states that a quorum requires two-thirds of 
the voting members of the SDT. Quorum was achieved as 9 of the 10 voting members were present 
for most of the meeting. 

• NERC Antitrust Compliance Guidelines and Public Announcement  

Mr. McMeekin reviewed the NERC Antitrust Compliance Guidelines and public announcement 
disclaimer.  

• Review team roster 

The team reviewed the roster and confirmed that it was accurate. 
 
Agenda Items 
1. Discuss requirements needed for the standard?  

The SDT discussed what skill sets were needed for the entity that will conduct the RAS review. The 
following were identified: 

a. Transmission Planning 
b. Protection Design 
c. Substation Design 
d. Telecommunication design / OPS 
e. Transmission Operations / EMS 
f. InfoTech 

The SDT also discussed what some reliability objectives and other considerations for the standard 
should be. These included: 

a. Review RAS before putting it into service 
• Planning studies 
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• Design parameters 
• Need review checklist 
• RAS database 

b. Assessment of design by Owner 
c. Operation 

• Misoperations – develop CAP if needed 
• Annual assessment 
• 5-year assessment 

d. Testing and Maintenance? 

The SDT decided that annual assessments might be too big a burden and decided not to include them in 
the standard. The objectives list was discussed at length and modified further. 

The SDT reviewed Mr. O'Keefe’s draft of RAS review checklist items. 

The SDT discussed at length possible ways of classification of RAS and the need for redundancy. The 
concept of “significant adverse impact” and maybe requiring redundancy only for Planning Events with 
significant adverse impacts was discussed. After further discussion it was decided to use the classifications 
from the white paper: Planning Significant, Planning Limited, Extreme Significant, Extreme Limited. Some 
discussion was held on defining “significant”. 

Much discussion was held regarding the possibility of keeping the Regions involved in the RAS review 
process. Bill Edwards of NERC offered some legal advice. It was stated that it would be extremely difficult 
to keep the Regions involved. The issue of Reviewing Entity will be discussed more at the next meeting.  

The SDT discussed possible requirements for the standard including ones related to development of RAS 
(design), Review of RAS (by PC or RC), Database update (by PC or RC), 5-year comprehensive review (by PC 
or RC), maintenance, operation analysis (correct or misoperation?). A lot of the meeting was spent in 
developing a first draft of the requirements. The draft had 8 requirements. Assignments were made for 
developing the Rationales and Measures for each requirement: 

R1: Amos and Bobby  R4: Gene and Jonathan  R7: Charles and Amos 

R2: Alan and Davis  R5: Hari and Charles   R8: Davis and Rob 

R3: Hari and Sharma  R6: Alan and Gene 

Attachments 1 and 2 will be revised by Mr. O'Keefe and Mr. Henneberg. 

The SDT spent some time in defining what might be included in a RAS database. It was decided that this 
database should inform of a RAS’s existence and contain enough information for an entity to know if it 
needs to inquire further for details. Such details would be how to model the behavior of the RAS. Also the 
database should contain contact information for obtaining further details. The standard may need a 
requirement for the RAS-owner to provide the detailed data. 
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2. Develop RAS Definition Petition 

The SDT worked with Bill Edwards to develop some of the technical basis for the exclusions included in 
the RAS definition for the FERC petition. 

3. Future meeting(s) 

a. February 10-12, 2015 | Tampa, FL 

b. March 17-19, 2015 | New Orleans, LA  

c. April 14-16, 2015 | Atlanta, GA  

4. Adjourn 

The meeting adjourned at 4:50 p.m. PT on Thursday, January 22, 2015 
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From: Al McMeekin
To: spssdt_plus
Subject: FW: Ene of meeting files
Date: Friday, January 23, 2015 12:26:22 AM
Attachments: 01 19 2015 - PRC-12-2 - Working Draft.docx

01 21 2015 - Attachment 1_01212015.docx
MOD_033_1_Model_Validation_CLEAN_2014_0123.pdf
PRC-005-4_10202014_Final_Clean.pdf
CIP-014-1_Physical Security_2014_May01_clean.pdf
PRC_026_1_Stable_Power_Swings_2014_12_05_Draft_4_Clean.pdf
PRC-010-1_09_09_14_clean.pdf
Rationale_Measures.pptx
DT_Ref_Manual_092614_final.pdf

All,
 
Thank you all for a productive meeting. I believe we were successful in taking several savory bites
 out of the elephant this week. I have attached several standards and reference documents that will
 hopefully provide you guidance in completing your assignments which are due to me by COB

 Tuesday, February 3rd.
 
Thanks again. I look forward to seeing you all in Tampa.
 
Al
_________________________________________________________
Al McMeekin
Standards Developer, Standards
North American Electric Reliability Corporation
3353 Peachtree Road NE, Suite 600 – North Tower
Atlanta, GA 30326
404-446-9675 office | 803-530-1963 cell
Al.McMeekin@nerc.net
Reliability | Accountability
 
 

This email and any attachments are confidential. They may contain legal, professional, proprietary and/or other
 privileged information. They also may contain information that is subject to copyright belonging to NERC. This email
 and any attachments are intended solely for the addressee(s). If you are not the intended recipient, do not use the
 information in this email in any way, permanently delete this email and any attachments and notify the sender
 immediately.

--- You are currently subscribed to spssdt_plus as: al.mcmeekin@nerc.net To 
unsubscribe send a blank email to leave-1372338-
975109.80e4e6df2da244ffdd7bb655222371d6@listserv.nerc.com

mailto:/O=NERC/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=MCMEEKINA
mailto:spssdt_plus@listserv.nerc.com
mailto:Al.McMeekin@nerc.net

Supplemental Material

[bookmark: _Toc253051398]Standard Development Timeline

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



[bookmark: _Toc253051401]Description of Current Draft

(DELETE GREEN TEXT PRIOR TO PUBLISHING) Describe the type of action associated with this posting, such as 30-day informal comment period, 45-day formal comment period with ballot, 45-day formal comment period with additional ballot, final ballot. Note that “Anticipated Actions” once finished should move up to “Completed Actions” section for each new draft.



		Completed Actions

		Date



		Standards Committee approved Standard Authorization Request (SAR) for posting

		



		SAR posted for comment

		





 



		Anticipated Actions

		Date



		45-day formal comment period with ballot

		



		45-day formal comment period with additional ballot

		



		10-day final ballot

		



		NERC Board (Board) adoption

		





 


New or Modified Term(s) Used in NERC Reliability Standards 

This section includes all new or modified terms used in the proposed standard that will be included in the Glossary of Terms Used in NERC Reliability Standards upon applicable regulatory approval. Terms used in the proposed standard that are already defined and are not being modified can be found in the Glossary of Terms Used in NERC Reliability Standards. The new or revised terms listed below will be presented for approval with the proposed standard. Upon Board adoption, this section will be removed. 

Term(s):


When this standard receives Board adoption, the rationale boxes will be moved to the Supplemental Material Section of the standard.



Introduction

Title:	Remedial Action Schemes	

Number:	PRC-012-2

Purpose:	To ensure that all Remedial Action Schemes (RAS) are properly designed, meet performance requirements, and are coordinated with other protection systems.  

Applicability:

1.1. Functional Entities:

4.1.1. (Responsible Entity)

4.1.2. (Responsible Entity)

1.2. Facilities:

4.2.1. (Subset of Facilities)

4.2.2. (Subset of Facilities)

1.3. Exemptions:

4.3.1. (Subset of Facilities) (DELETE GREEN TEXT PRIOR TO PUBLISHING) Include this section only if there are certain facilities exempt from the standard.

Effective Date: See Implementation Plan

Standard-Only Definition: (DELETE GREEN TEXT PRIOR TO PUBLISHING) This section is to be used only for standards that currently have standard only definitions. Going forward a standard must provide a justification as to why the standard needs a standard-only definition and cannot be moved to the NERC Glossary of Terms.






Requirements and Measures

		Rationale for Requirement R1: Text







Each RAS entity Transmission Planner that is developing a new or modified RAS shall evaluate its effectiveness prior to implementation. The evaluation shall include, but is not limited to, studies and analyses that show: [Violation Risk Factor:] [Time Horizon:]

1.1. The RAS resolves the identified issues.

1.2. The RAS is integrated through coordination with generator voltage ride‐through capabilities and other protection and control systems, including, but not limited to, transmission line protection, auto-reclosing, undervoltage‐based load shedding programs, and other Remedial Action Schemes.



1.3. Requirements to demonstrate that the RAS shall be designed so that a single RAS component failure, when the RAS was intended to operate, does not prevent the interconnected transmission system from meeting the performance requirements defined in Reliability Standards TPL-001-0, TPL-002-0, and TPL-003-0.



1.4. [bookmark: _GoBack]The inadvertent operation of the RAS satisfies the same performance requirements (defined in NERC Reliability Standards TPL-001-4) as those required of the contingency for which it was designed.  Requirements to demonstrate that the inadvertent operation of a RAS shall meet the same performance requirement (TPL-001-0, TPL-002-0, and TPL-003-0) as that required of the contingency for which it was designed, and not exceed TPL-003-0.



Text



		Rationale for Requirement R2: Text







Each RAS entity that is developing a RAS shall evaluate its effectiveness and subsequently provide the RAS specifications and implementation schedule to the Planning Coordinator or Transmission Planner responsible for reviewing the RAS. The evaluation shall include, but is not limited to, studies and analyses that showext, text, text [Violation Risk Factor:] [Time Horizon: ]

1.5. Text, text, text

Text



		Rationale for Requirement R3: Text







Text, text, text: [Violation Risk Factor:] [Time Horizon:]

· Choice one (DELETE GREEN TEXT PRIOR TO PUBLISHING) Note: bullets indicate an “or”

· Choice two

· Choice three

Text



		Rationale for Requirement R4: Text







Text, text, text [Violation Risk Factor:] [Time Horizon:]

1.6. Text, text, text

Text



		Rationale for Requirement R5: Text







Text, text, text [Violation Risk Factor:] [Time Horizon:]

1.7. Text, text, text

Text



		Rationale for Requirement R6: Text







Text, text, text [Violation Risk Factor:] [Time Horizon:]

1.8. Text, text, text

Text



		Rationale for Requirement R7: Text







Text text, text [Violation Risk Factor:] [Time Horizon:]

1.9. Text, text, text

Text






Compliance

1. Compliance Monitoring Process

2. Compliance Enforcement Authority:

As defined in the NERC Rules of Procedure, “Compliance Enforcement Authority” means NERC or the Regional Entity in their respective roles of monitoring and enforcing compliance with the NERC Reliability Standards.

2.1. Evidence Retention:

The following evidence retention period(s) identify the period of time an entity is required to retain specific evidence to demonstrate compliance. For instances where the evidence retention period specified below is shorter than the time since the last audit, the Compliance Enforcement Authority may ask an entity to provide other evidence to show that it was compliant for the full-time period since the last audit.

The applicable entity shall 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 applicable entity shall keep data or evidence to show compliance with requirements (DELETE GREEN TEXT PRIOR TO PUBLISHING) Add requirements as appropriate for this standard. This section is only for those requirements that do not have the default data retention. since the last audit.

2.2. Compliance Monitoring and Enforcement Program

As defined in the NERC Rules of Procedure, “Compliance Monitoring and Enforcement Program” refers to the identification of the processes that will be used to evaluate data or information for the purpose of assessing performance or outcomes with the associated Reliability Standard.

AAA-000-0 – Title of Standard

1. 

Draft # of Standard

Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft. 	Page 4 of 10	

Violation Severity Levels

		R #

		Violation Severity Levels



		

		Lower VSL

		Moderate VSL

		High VSL

		Severe VSL



		R1.

		

		

		

		



		R2.

		

		

		

		



		R3.

		

		

		

		







Regional Variances

None.

Associated Documents

Link to the Implementation Plan and other important associated documents. (DELETE GREEN TEXT PRIOR TO PUBLISHING) A link should be added to the implementation plan and other important documents associated with the standard once finalized. 



Version History (DELETE GREEN TEXT PRIOR TO PUBLISHING) Note: All version histories’ content should be carried over to next generation.

		Version

		Date

		Action 

		Change Tracking 



		

		

		(DELETE GREEN TEXT PRIOR TO PUBLISHING) Project #: action completed

		(DELETE GREEN TEXT PRIOR TO PUBLISHING) New, Errata, Revisions, Addition, Interpretation, etc.



		

		

		

		







Draft # of Standard

Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft.	     Page 8 of 10	

Standard Attachments 

(DELETE GREEN TEXT PRIOR TO PUBLISHING) NOTE: Use this section for attachments or other documents (Interpretations, etc.) that are referenced in the standard as part of the requirements. These should appear after the end of the standard template and before the Supplemental Material. If there are none, delete this section.

[Title of document]

(DELETE GREEN TEXT PRIOR TO PUBLISHING) Documents that should appear in this section are as follows: Application Guidelines, Guidelines and Technical Basis, Training Material, Reference Material and/or other Supplemental Material. The header should remain “Supplemental Material.”






Rationale 

During development of this standard, text boxes were embedded within the standard to explain the rationale for various parts of the standard.  Upon BOT adoption, the text from the rationale text boxes was moved to this section.



Draft # of Standard

Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft.	Page 10 of 10	


[bookmark: _GoBack]Attachment 1

Data Reporting Requirements

The table, below, indicates the information that is required to effectively model the interconnected transmission system for the Near-Term Transmission Planning Horizon and Long-Term Transmission Planning Horizon. Data must be shareable on an interconnection-wide basis to support use in the Interconnection-wide cases. A Planning Coordinator may specify additional information that includes specific information required for each item in the table below. Each functional entity1 responsible for reporting the respective data in the table is identified by brackets “[functional entity]” adjacent to and following each data item. The data reported shall be as identified by the bus number, name, and/or identifier that is assigned in conjunction with the PC, TO, or TP.

Attachment 1 documentation: 

· studies and analyses 

· classification 



R2. Each Transmission Planner or RAS-entity that is developing a new or modified Remedial Action Scheme (RAS) shall assess its effectiveness prior to implementation. The assessment shall include, but is not limited to, studies and analyses that show how: 

1.1. The RAS resolves the identified issues.

1.2. The RAS is coordinated with other protection and control systems, including, but not limited to, transmission line protection, auto-reclosing, undervoltage‐based load shedding programs, and other RAS.

1.3. The inadvertent operation of the RAS satisfies the same performance requirements as those for which it was designed.



R3.  Each Transmission Planner or RAS-entity that is developing a new or modified Remedial Action Scheme (RAS) in Requirement R1shall demonstrate that the design meets the functional specifications. 



R4.  The Planning Coordinator and Reliability Coordinator that reviews the RAS must evaluate:

1.4. The RAS resolves the identified issues.

1.5. The RAS is coordinated with other protection and control systems, including, but not limited to, transmission line protection, auto-reclosing, undervoltage‐based load shedding programs, and other RAS.

1.6. The inadvertent operation of the RAS satisfies the same performance requirements as those for which it was designed.  

1.7. RAS Review Checklist

 



A significant impact on the BES is characterized by the following conditions:   

a. BES instability;

• any instability that results in Cascading

• any loss of synchronism of generators that extends to more than a single generating plant 

b. unacceptable BES dynamic response;

• oscillations not damped within 30 seconds of the initiating event.

c. BES voltage levels in violation of applicable emergency limits;

d. Unacceptable BES voltage levels or Facility loadings that could result in Cascading; (power flows) loadings on BES transmission facilities in violation of (acceptable voltage limits) applicable emergency limits.



RAS are categorized into four distinct types. 

		Extreme Limited (EL)



A scheme designed to limit the impact of two or more elements removed, an extreme event, or Cascading, where failure or inadvertent operation of the scheme can have only a limited impact on the BES.

		Extreme Significant (ES) 



A scheme designed to limit the impact of two or more elements removed, an extreme event, or Cascading, where failure or inadvertent operation of the scheme can have a significant impact on the BES.

		Planning Limited (PL) 



A scheme designed to meet system performance requirements identified in the NERC Reliability Standards, where failure or inadvertent operation of the scheme can have only a limited impact on the BES.

		Planning Significant (PS)



A scheme designed to meet system performance requirements identified in the NERC Reliability Standards, where failure or inadvertent operation of the scheme can have a significant impact on the BES.





		No redundancy required 



		No redundancy required 



		No redundancy required 



		Redundancy required 





		



		

		

		Sig 
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댲ᲂ㢕蠫㕬惃〼ﴤ朅壖�䥲䐕뀗囌┨ⅲ钪脈簐ꛮ声시ꂃ滨؞젟➕犘䪐놇撊撶期協ማ씉ꪶ⦮킠ㇿꜟ㚋淹ﶝ䫨㣗ꇕᵓ䡚퀆皛韊埵頹熔戯詻ᣖ䳳魘㇑鯲퐆꧃Ꞧ榎ㆤܰ쓰䍈ஓࠗ緿䮓櫺申뮅쌽齉晜ꎬ驡밈ঈ먥筰倣符꽚䤉ൡ씱ື쵇쾸Ⓘ蛧鎼鷘䶪禓뢩侣睠瘒걣᳆ﲛボ퉩嘗䄦ጫᣬᠸ渚૽㰕⤩璙兩光螡덐똟䊚뮓�ꆀڶ࠙㡕☞ꛂ℣瀹졬鸵䖆㤗㝑넎뱡뀄䫀ʃ괩똯ᓉ⡇婲䱲ꀦ鮧罄䘼퐛没뽪퓜ᣆ댜浛ᾲ뇘㝲쨖⹘ੴ틌ை聗�셳ⴃڈཐ⺠퀵ᴜ嬕앇땮䍳獳쾤㵥₱뼾ຌ䂱倭翸ᭊ�컈ᤏⷌ톯藺戴ⴾ១뾐訚Ꝁྌ忀蕵ꌳ灒縌꺴將ⴽ�Ꮓ᠒㛮鬏ᦪꕝ⍵剂倪姃䎹唸鴮苂ᄴ떡堊䂇꣮맑措롃炭觯㓡퉂䘪桒�暍ᖘ倛憁澠跟⪥麱ደ谁爐갗엕竣줅⻌丁䰐長籛턼袰ệჱⶽ弗ओ鑾鶶蔝ꅒ潕씳䬖잡苏軗驖♊➨䈪�꽛恿⋻滞ﱸɷ步晪꒞ݞ⩀ᾜ�ꢛ塐鉲ሴ唊镎軪썼ﻝ굢뼑䍕Ꞵꨛ著౯땭苛�ﭭ妪喙쿋娠埒竏⊃�횏듰ࢍ㶈簈중㌡蕄�孇騻殽큠씸霤ዂ雏（髵㐪ꖮ征떰ᜮ㗋鎀�棨宭⽗纅쐝江뭸쟙뽻䙆⅛溃늮젷石祤筭⁛蝋涾삭恑䙳鿙鎛守抧ꝣ�푢ɲ汢ǈ傌萑뛂ῇも쉔䚣禥퉤늁왢첖ᥪ໙ꃶ॰茓╬惝ᶴ孄荴鞽飐ꕯ钋āꅏ畞諥ﰾ䊄滒㼛ृ㞶瑅︅⛮憨҈�뜊嶒쑕뺘ꜙ�湋獫�㎻愎爀뙃ꥨ�Ꮵ꩖㷿쎻褏婂苊蕈ޕ鐘䂻㒉총͉䷺虴怇骀틜Ｗ李杮㐈ꋀ忂Ἒ僼揅크뜜嚯쓋琲ដ嚤﹝㑔℆䉒샕綃簤銞昳閩潧ᑣ巧鴃Ŏ遝ᓓ䝬�橯暰ꄩ鞈糪趼נּ盲眐卺誐藗ﳵ嵟⾖�㷢䉝ቭⅻ얮룓竗ﬦĩ䟌ⷰ山�ᇈ慬큫�쾶䉴偧⑆㥊幭ࣄꀭ㩠ꑖ粞睑䚉쌌읛ⴊ扂ꋖ뉮ᩇ麅굒ࣰ鑓掿㊉妞쥫윚療惪手⚮綩폔왡榃�쩕黾�㑌烵�艄ʢ릭㘌즈㋄㍽媆햳ꇔ堧㟝㺸퓟餵腆䵺䜩熍ﯦ쯨쎦ꚳ诏톦썿ᴧ잹凃ﶋ쎜�祠救䋧陥佨촻箉蒡ᓶ龩뜍幎䩘웊ﾈ祪肠鮘�ᛐ蒕츭ሇ멟낲墝۾ᴊ⧏㙾ꄕꭠ橺�瓝慐䍓遅㋳Ꮫᄨᬦ檙筻楴ぁ㋞滬ㅰ㉬锴ઠ夼䣊찖驊饦펏렅ﳱ땶�晏域䯫첧藥챸뿈搸騹げ蜄�㾜藍䶥롙逞Ჶ駷鑞湮䂦�ꉍ婴⠤鯊Ã岵꺋隼㨬珙츷狞꜋䊥轝빞Š绒ῦ顁犇赤᪽㔏ⷼᣥ粪䕤잩㭃ힲ駸䈾䨐ḵ冚颠辒ꆷꝠꘒ䈝ꍮ䣉蹞邷秠唳抍獪㏉を㈷㒵ꇣ脚岔㐺豝�ꬋ똱㐗䱵텿荔ꕿ挕쫰焕謪冾멈꽄㍘珆ⓠ陿躮ꅍ뙆센퉥㡕쐤䖔㊜Ԯ䅸觐牃㰀⇩맗�⧭Ω╁巖㛍疅馻恮�筦╓帏䀌꼧֟촺ﻻ쀶ྑ̊⨸Є듮혡㊲鞑洇ῠ詠臜쵿ᓍ藾䦻䯼ҋ㤭泾갱긫誥䲘팜까삶쮏늢࿇悩ᾀ耢У袐葱Ṯ곱냰燨嫏∡㹖™䚢鈋ȿᔇ鋰ॸ쿂吘䚭㎘纺籲깊倉䖌뒅櫰謯讠I仉泇ऀ憎➍삶潷镮쌟渢끽礤阊ꂂ浞爻䜛巴셟�撝ࢀ嫐↶軄䬕Ȉ祈괘�鈻뾣問줵⛮眎⮼璺鵗渔拔낐螥羋瀱漱쀶㽅멆噻䉣賤椾큫ᆔ볐炾闄芹Żᝠ뙗౺Ɣ㐿ᦏ멙묢팊줊䊖൹왼鹄室⫯殲䤄惏ﲷ㊣⯀꧁篑ꝏ諺꧍뒪ꂉ냰氋䞬饀꺠쩬䄺ǝ氍쩷歸愗㞻溠ᅌ静∰찚ɪꍵᇕ仪賬唛儎흗輊㣦吜徜鎍픗趐Ｆ⡚�쟁僼⡜酐뼦࿁矙첅ﭿ쎼忏蟫葉ẖ廌藧ꗎᤐᗬ俹薟鿊⯀荻젛渨ⴀ숹엄⭡诠褮剼⩍ꃅ⣨賜ౡꪝ貖濨輟矊녹몦黷コ휰夞ȫ麯楎⎹伌鷻뙭긜ㆭ栋Ⳉ䟃飗ⶅ눪䃊㥻슆겦圢崰ꕴ埚⼃뤀鷻瘤ꮩ尫瘣㜕噳殤ഌ郱䌯韀얚唤倿ვ趲툐㿍읒⩿鏎ꎈ褐蜸≂ꈳ牰넢ᡑ苉㼋⁌룝ῄ�ፌ냿↓�蹞俸蒸毞냰敱劣慷왕擋�凉௭嶙쇟껯蝆䂵冽夷睶�閛㟃鰘ߖꌄ蝵㣑葬⋻邠沺葧湟뗭緋뼗ᐐ辐樀ᖃ窙㎬鵣慓僼桜儘㘗ꖿ㿿액ꇓ斐蟩噂츰ﱴ绣��Ӗ켞儼녓釵៦僅갆퇲ᷣ㣛⩊ﾬ胸⥾빜﮽椈୵뮯ఝ⿸ᩈ�鼈ր�︵鐏ꂞ´⳨壡��럀﮻骞❡ꍃ叢샨䄉켅넛ᐕᭃ㞂滜졖紡�祡愘꿔돝紉쏠ㄜ倫אּ㻍뽎註ၳ螉躰ܞꆠ鿡탫檧࢚⚙냖∺ㅼ븝먌ᥞ咔ᕘ袆澈天൪볏謚팥ꫲ께쐍㮻砻펾욚軺빻蚇莺�끟롻떩珐᳒㐵鶅幭내溫楤졌竮斌ꧩ┘둱↜⎗ȼ䙊咅솞�鄀곰ⷨ�抌䃻䖐鎸ꧭ⑹쓬釁�ዄ鮹㨀⳨㲰멆缎갘嗺㷚伉㸑黹࢞팫솺叝☌躬ఙ㎿旮ꡥ헾ᐲ皎ᭋꅠꓧꖗ��倍�付欷삄ਾ㥦盉流⩏⌶⤔㕊㳦⠹멕죤�壬썬袸葦諘恔ﵧ餰䬘擊襆뫍제섻ဦ鷁ࢶ͓푡䞃좿ⷉ፝戕ᛥᙫ짽�ꪜ㴍స㊫♞ﲓᣎꪭ娱ᤉ뚱㋻ꄏ웋撡ூ됗�宊㯨闁싂赦ヴ嬘ღ赫┯첱횁쭂䁇ोꔬᧄ嬏ራ舱⒰춶﮵脉剗㍏뗐ᴢࠧṐᴦধ鉧晴毰ꮀ評≏あᅩ蘒鑇啾쮦ᘾᔀꛭ랱❸ⱐᵚ�㒁禫ꙩꃠ㜫촧볔欴F檩ꖁ⸘暑휴ꐡᮂ畳ɗݿ뙽ཽ恢ⴳᛐ俻鉐疨賬ꛅএ嬵㕚夨鍝朙韎㇗哶禥틱꽍몹醤⤭⸛킱锡㕝怕ⱀڼ휝敯䪈馷⨣乓䲁鷔骍䫢Ⲵ疓㨲㞱䕪옭ࢭ싌礡奌吡䧀Ⱝ藖잞⫊쪨묚겤댢伌慙⯖좫䌬乒Ｚ쩣爪풥剹榀ⓔ㦆塬㐈哀榴䴍鎳ꤵቨ༦ᒊ꒕촲왝浖ꡃ临舠쪳�梫Αꪬŧ㖋ﺋ핬ⴿ阝갰磊䲙㯲둣排䊴糂탩탊彄ꮦ窖薃펪뚍⪪쮲卑묚ꦤ묢堜됭䢻앑〩橲ํ䜚汽돰႔ং觊蒨쁦䕪嘪긏迣앋舺⢕ᦕ骰՛鄴䮊Ƞ欫㍊喅唇ᶀ⋈ꡙ賢㎢䧗ᕪᦖ㕪㞱倕ཐ肼Ĺ枥ᐅ㘼䇂僙䑹㠞₨Ꮎ폄�皌ᳪ얱킼㋬ᓝ㩒䏎콏펧柈庙金⒜暖恣튴ꄨ妨팵ѕ�碅厹䤪띏뭱涓칣␝僤蕔䱆蕝ᥕ錯總�晦曔榲䨢彴ѱꀰ혖勤資炼捼妍贯ꭺ㊌慚喵뵆處鱫蕇펉歅栒兵靯聁暥즗傢팽捄≍⪭聺婄ᑑ餒ᦦỳ䴙ȿ褮�쥣请崲叓£ㅐ怩苭�ɾꊤᇕ䵈賬쩁䆎檪휐ꏏ⒉좠䥒풴䃱堮㪄曝被如♹⒳芈๙ᚣ嶚螤➂臁諬밌ਜ륶㻖檴⨨ᦞ媌袑䌗鄏히兂㌢㔘燫蔬谇を핥ኄ權蔌쑂ጐ訔訵⫎㏗搵⩅敖䲼烙Ν괤擬銐ಬ꠲䌚궟댽㧴숉ⅱⷴ㱴뺄紋�㞯ǋ᫇ẳ竺Ჳⷴ무兀佺ꓳѠ橖찰왁꩙胇栱ꢄ智澰≅먎㳍≈⍎䒔첉�재塄⑪⏰꯬è䓇돊嬠�ꫀ쯟럱㝶��牂攖ᓩ掫웾賯걁茞ᵢꖟ뇴厬ኙ钢뼭ꧾꢸ音롏寻㏪v覇堎㬐餩屉痐故簓犵발㯍ꑌⶠ䫡仒좰戍窸ㄳ妇퍎蚉酲鋱㷿骘闺썶푂椤쇜䲋蓜盵�Ớ鶮楈浶쿄漩ꈰ൫惢浴꧴諸㞀ꦦ騀熲饾唾㴵ﮌ앫犢퐽꽑䃀ⶰ磓㾕ﳷ껍ᘀ뾓秐럶雂�쨔濦蔶唩৾甞翹ꤋ률暤吒梷雔榍䯙寊�ﾽ槼鈛ꅓ⇯ܙ궴狆팁י摠睝ꏛΉ衞⏝땜ﰍ㿀ꩼ꿂化㋧儇ี갲癤跙黈ꇮ⦚冐ꘔ芋䠺吊嶛訬￠醢漸쇆닐䩷ཇƏꦥ햁ᶐ퐌ㆁ㉨맸₩Ὠ貏梨崇鏹蝏믝쌁牺永羮뻝廍幝ﶇ쯯ꮫ�垲䈕奚⡙⭆䞐좃诀濏弎渿쮳�睾㦻嶷�∷㺌躓ꚾ↭⾬ᄀ騄㗒㩜应Ꞿﾫŏﳣ僺Ⓚ䴉䮜꠱켄卦п꽫힀ᛒ艝鴡敶뾙쩖⭹엖압佄꛴昭咯鯒魬➁瀇⦽꾇ᆅ㴣㏮볜篵탟얞矧귰࿉䗅較䷸环Ըﰇ뗘됧䝹됿掇勾硈婻呜수Ⰶꁂ绌嘃⨩䎓魱엗Ⳡ趔茎�এ홑䪮�Ꞽ럈烾漌㊤ꕤ÷풪㡁㷇㜐寎輡㝍᪡宿溩嵷隥ﴇ낿⇈魪熬䦆䥀컈鹁ᐧᾹ犫꼴겡몛씇羅腞弥⧚�戉肓ȏ즑㢣ﲥſ�᳛╖湥獤牴慥൭湥潤橢㈍ㄲ〠漠橢㰍⼼楂獴敐䍲浯潰敮瑮㠠䌯汯牯灓捡⽥敄楶散片祡䐯捥摯健牡獭㰼䈯瑩偳牥潃灭湯湥⁴⼸潃潬獲ㄠ䌯汯浵獮㐠〲㸾䘯汩整⽲汆瑡䑥捥摯⽥效杩瑨ㄠ㔷䰯湥瑧㤶㘱丯浡⽥⽘畓瑢灹⽥浉条⽥祔数堯扏敪瑣圯摩桴㐠〲㸾瑳敲浡襈埬堋缚㏿쳓ꚤꔫ꩒ᅓ鄥䪲켪烣洜齧旈ꤥ爣ෛ䉵괬㥋淖떣奭Ꭵຒꚥꑻ┫Ⓓﾼ�晷�콿��罹˲怰胀́ఆ〘쁠ƀ᠌恼ೠδ먌�渚덷x৶㜙玖⻀䊌딱썿筀ꃆ樃ᵫ鵝☂毵ꛭ嗬릇હ木잗됍౫뀺碛闒²撖▉㟮᱄鰕쒐윌직꾰捝蘠鯶랄迍鮟檈㢩歒㬥훺سㅯⲑ䨆죏蝐ꨅ켥ᮖ钁ꤜ鈶述쀁㉴砍��뛴渼明器懝봲璏ⴍ묞㷑䢭㉳᱅翥褣蘝藍蓁틄꼕嗚ଽ▎䜴䤑ﳬ㦮퀷젞츄㉹⬇緶ᠷ揳彀ቔ䟥炲뛄�谵�䙴멽愊跕⾱뫭ઈ盗䉧垡蚧�傯䔺뻒磘충ꈁ㚲京쌮嶷�췣ӧ颒薑▣럏᱾�㮕឴墝뀒핢훧ݝᯘ矆焖㽲웯垂熮횏㦩齗�톜頋鞝纠峻쀩鱚�벌룸팾┆邂甆䂼䒾摖⣡῾桘䋾蘒ﻃ䡤㨯溽랳丕睎卵錓뒞Ꞹꃀ柄丽೨곪簄݊軭瘯믰귽꤮変머選央蒦ꥅ㠂剐閼匛葃햗끀ꜳ迀퐅ꗁ⸓⽧ր槅䗓윺㯚ꆾ힅꺅롞뼉쀎曎怷뛭ᢅ氷丯�䌉씕⤜뽬ၝۉ뾘籴鹂ԯ㔡¤短눋⚝ٷ阝虁棃ؙ뭄鯣퇑㍇겠쌊臕昚劄햽⨚毪㏓䨄썬䷮⠏韈툄믑넖їꨥ봯ๆ᭭茏븷䟜诋枎䒷矽鵨ㆣ㹺쥘⒓⪠哨㤡᐀㵲�끧咝䧣ϯ᳅ퟹ奭ၙ蛅쫀�鎥涘�㏺蒊殿뼯╻铣뀊祈졟㼯첄亍쫍瘨ࠇᱻ顯玞�孳Ϯ럊塌轄絝삜㚖爜ⲃ㗗⚃퐘Ύ镾ᇯ絉ḉ晿ꩅ鸀ۄ⪲䅍洝篐䛭ẏ씦ꔅ䆇▧㼆ꀅ毷㮆풘䒎湋�톨∑貎텋觖埠庐䇌㷻䟝撮渲㸉ꌟ庬꿭塥ឹꮨ꣤⻕Ǣ藊ඛὠ痉撚溽膄荷휮沮鶋簑ꉂ㩆枕㡒퉶吏얏ḑꙟѼ꾯鷣ᙑ灀ﳃﺥ�ꗤ뷢煒켎�뇆୶쌃㹌仁퉂䪱耷빽쀢귴㥡⊡暎䮙㹤㷼뼝䏏砽泥ࣆ萴䌙�㞇᱖饞䔿⋂襢㹯搑읖믴S槣慔ᵿ祐졘눏䟦摞갪ﾑ㯂㓤ȏ㺉苀巰셡钺૰焦ផ곰콁혿䢮␥唂獄⼔ࣦ珢흡힄㾜땕쑃枑䑣껸ၡ൸엧퍖䟶곋শ忀Ꮲ싰∘㝳녽ꌹᵙʲᐁ挛鐠溄ᛛﾊ촥馃徧⏘秥႒⢔돟䎂뉩䊄遮⎁崖ი顗ሥစﱛ˩ۮᳱ坶䒎㫯뉛쬞৫夀놧앱챗凲ዖ➰Nﾻ扨䬵䥬퇄ᵨ픙䎃꺂㗸烆선엙퇅䖒䚃ㆩ숖鮉讋䟋ၚ蓕馗襳喙道䖣䘀ࢢ霨쉙⮡虒빂膐괣ה皖띉쀅構ᩪ쨎훡繚ૄ鋦挅볹Ңᵋ䷇咊㩁呲岃Ḉ캊痄哪⌗䩎螳ቍ㟁컂燆ሓⳟ蔃뎛鯑䟪䙍䃠픾秵ᶱ礸膫鼓䘴⫛ᥘ柖މ℠뭣⿏㝸嬱猔墢軴漣䄲ᄬᑱ蔛ክ縖튟룔胾焜ႎ詂냍銵왜ﵣꯂꛆ㘰岨딦恃啦捳㈗帵陼仾槝邥꠷䉄㓁뒓뤜ﮆ⍋㲕㺉ኲꤸ㷴莱䣼笁歏噃၌㎰Ζ�繫铚ߌ撿㸜靼⨋螾찌嗡ꁫ疅ꭐଽံ鵌鐋୰ᯪ竐ᰤ〯㛷꾂⍞蟗蟫閃칿⑴♬ﻛ壤அ줟㊐䲅퇷꧘䒓餉鋁㒚鑍嵋滅ࣚ責넍씰訛䙥∧抠楥㥩挖㢬ᱱ齼ኈᜥ큳쟄烛㗺ᠧ䖧닏剳揤拆⩽펶끬ꓒꂍ犐ㆇ㤽㤴꺹늢⯮熼ꪂꕯ鳄鼀諯砅㨆⫝쭊㏉⾇㑂ᏈꞦ�⮪ډ뻾苊㒊㩴寴䎩伡靖ꁦ㫁櫳咨⦊닉�ᶦꡙ�퉨풩턐ꇧ깧ಇ됋°㌥偽拡ꡣ㊙檖稦贕⾧័ജ亓棱게罋踋됔咥ꠔ뫉ߴ뺁裠粁烁眤顨꣩擈绰ꃾ㿴盾뽴అ片ᛇ䈢⥠」줜⬝蒲䬴㸕勺㢀퉒ᤱ㥣佚ꅗឿ뢦ۊ殶Ⅾཋ㦣潇폣䬏୵齳㓯挴麘�ｨ삻䬷�㋽��룭�슂쪂暴様懸䦙뭿㨁ᯊ휥㞓蹇ᴃ錟㒄䗦릳⊎잗핕颵ﰓ�羺뒒뢗ⵛ䬡혤⮒♇鎳᧱쿗駱풐橂괃�貃∝鍟✇ឋ挿㥸孩ꤨᲒ騹�ྗ籤銷廛㵪㑅骒钅뷜ླྀছ鎉䝔ᱮ⍯帹Ẃצּ㸥�鱗⡁褡ꉵ㐓쥫鸝㪄죳埳㏣Ṓ睋椙뎊闾䣲䳋㨹ᗑ䠻돿㗑榝�䉲⋤႒ℌ�୕䥵暱㪴끌ꥌꊦ鋢钌ᅊ앭쮥冭㐺컕ኌ몖⨋⸣扑衄䡻퐢∽좂컌呉閝鴣�搟�껻㧧⏯둊죉俤饫턢벟ﱎ㽻ﵛሢ즚㦗㣶玲橕䑮儔䦢챆鳾쳒ᆟ釆튩ᔵ涙ᦴ㪢鵪㬸⢆⋑瘣ﱿ⌮鿓ﭷﰊ홃䛚젩ꑭჅ動퓻뇙襄ᤆﱑ巹踊㣻쫰芥靪䢵�籇䷗䨡柸㕧罷㳆睄悒踈밳릛ἰ퐥⒝賷ﻈ쿮劀⁌ቊ푰ሐ믔�컰ﶏ�꓾阠ꤪቿ山遧꘢鰆ᕡ�Ꝙ謣溂滝珈ई攚㣁⪂鳢柰熐莽夂鮛됧㟟쬌ꠃ㪻᧞Õ�ꈮ⊋ᓡญ⾊ᛢѧ⯦ܳ풩牯︥䖥禭儍괭S儬冚揞㽥䄓˸虼ꜰ鮮魷ᯁ�ᬅᖝ秈ﾗꗨ㏻编⩗칵䣀㌮㆘僢ꗖ䟜㏢ᚃᚊ駠⫑⥄䟲窗巛㢱褔昼✰唖公飤䎑䷮앷乢瓾Ⳃ拥藃㬜䌞㆘ꔉ࿅⅍缕䫗ˉ㌜প쓾锛亽餪₎㌎뷓聽꽿巘엧⪇聘䙣엱⩾峔牽赐ල柪쒐뗥ㅄꏴ뼠粌鞋醫Ⱨ嗢Ꮹ묞ᾩ˂껃ꦍ縪蔙롡㴪缏捖⪼ѽꧺ솞븢쁹咗뼑ኌ巐麕㾃�땐⃀ꩼٶؙ쀿ൄ買뎜驋媪莀봿偰檧ᚁ槥绬灉鈡䞉湁褙ꣾ蔻ᰧ┫᧯ۚІ礄幛溠腑쪫搙䇨灓䣋鿖ᜀோṧ▢路屺䉱桙Ź㏇合茹Ĭ끏Ꚍ雠벑䌿⼬쇀趟䍸�᠇믛⽷펹ᛓ⬋⋰ꤙ㞴뜎撌◭芳罪꧴ⓨ獹堪픾몎᠙箘齯䤓罠衼㾃灆䃈锛쐳祡㼰�ꈎ�鞘⤉᫂짴匪俯䌔֕늜ꕊ隷塑悳饇春➀竪䚬灁爷앭酆罺쩦졔糠꒭䣍Ꙥⶮ䒳圤ꩋ죍ᣡ璒⬯쳾ꦖ손䳱歹鯉㼿᷋鱂鞥壸矻棝뺘⽹巣嶗垏䆟ⷭ㏹突ଦ㽶ﱚ똦ﴳ䙂䬒�砳䉞첮쐩渜虻ణ䓾ꔖ轝䧑ⵕ뭕ၧ쥵텻뾕윓緳隅⯒욬⫛遧忣ీ쉑わ䄫螓镔罺惖薴⟂�朋崤稲鲩虁ሱ斸蓏슖澾问ȧ╋㗯�☓䝜踞粔嶔㿯㮒꧅瀢倓䰐煕죋㾒⫍ᇼ訳벺룳咯ܑٿ褢ꪡ勆骷枕策瞃Ⅼ땰夻ᘣ㹿쫺쟵励㤷폸쥝椷渕蓭礖ᦒ왵⩷遇喦뙄﮸靍姞쉉ꌭ伦룯헉廌ﰯ蓥쒓ํᅓ匢糒뫟鎝�ꅵ佸೭�뒲抇壟㟟ꁔ雧ﺑȈ櫤윦⸋崩渥⩧쬖풕ᓹ숉挢뙽穆≈ꬣ過ϩࡼ쭰�ఘ⮕ꥱ㘫窔飚뇽၀ꣶᮑ늮埊⏴㬬⪪벣刕便⣋猈죕肱荭礊豟⭡蚜쉸춲䵇뎚嫽䩅뭒䭚쯰靈셶蕎�ꆄષ뫵潢몦◎庸뢏侶戋筊죋﹊Ꙙ쪳ꐟ旾转偲梎㑶絽ỗ耻ㇻ侔ঙᦎ맕䙱콪༦㾫䱲烆劥䇽뉄㗔弼�䋒넷ࠌꪣ昸갤ꡇ⥒㾫벲ಊꞥႬ⡤䩳洶一ᾓጇ臋ꨌ枒⍆剱罣燤蛘쨥场谶첡䤽ᦋ紽免ꜗ選醙蝡ﻆ፳ᗭ�ુ늖膏䤳Ⱘ럆몊숈ᐮꂷ砩ꑦ㾹葌ꅡ餒阭쭍አ矤蛚觍ꮸ轰迓쵱捈�圮뾲쁌멕⠃鏻Ͱ䑳䞧膐㐝�㒌蟵욕矙倆딵愖匫䍍캄ࡥￕ윗줝馣ዸ榧ϧᦾ샇쌫ቑ鑂䏌ፎ鐈ኴ鍢ꘪ鰜䭉玗퇼䵿蟱릉䞸녛텭份헬釋⳧頴䠞鼙ꫣ䤳㯀먣ℿ䟢䈄荤ꄃ勥࿊߫ꗬ癋რ㷋눣�㲓팎ꁱ欏玱빴ⷱ띞伱䳁磏Ⴕ栋︊鄙ꧼ鴝ꝿ�闾䃌ⱹꕛᄮﴅ䬨˷⪆ꤙ鶊⦣柸⏇ԅ砽꾷婤戩횼툕न㑐覒쁱褿ⴒ戲柷픻ȟ돽닷ꅕ냗ẵ력ꛫ♰衜﹇资ᤦﮱ隳鼅碕ꪲꖳ䧁杻奭懽嚜㉸贒꣢洢㈲돹퓦俤亴�ី䪻痝켋�ꋪ宰㳡�Δ㊨㊍爐왓῝먪흡噯돷㩯ᳮ거紛黍壥梫몘漳頁ᝉ陪ꂑ뀁⾣罗㓨뮎将轧긗䗺翬蘬樗끐믢酤ᖭ扙ꕂ樺醗㐠䎼시蒤妸儱抳괗㥉艓宋④爟곋☄ᓓ＝ꅔ倘釹誅橺醙쿨䬛ﮞ㴓瘫�凼잊土座䘩伥Ⓨ﹀㰨ﻃ쨸퉻설뚦뮹⯻ꥬ䙭박俠⪡呿桡퐖㠳렸ꁫꪯ㱥凲胘椦쏾蒖⻈諞橛冟켅ৼꡨ⽽榍ӹᲧ�ﴙ턟ಣ奟ꖹ⌭缢옅륛ⶥ∣ꏯ込宕㋚㈢輇多ꖹ⌭먚䢭랳佲䙛鰴掯떅�컑䦈쭩욈ꀐ떿�༱㻹쭩蒈ᔮ㪩㝫斵䉄⋘㞫斵ꕄ햎������淁鮠ᗙ捽띵摥﵎എＫࡰ循⥵�⏈麽ە㝲깢髕⫽�殃䳍쵿䉂뗕Ҥ⫳殯嚞좛�歖꯶烀볡㾊�뤻쮒⺹嗦㦞쯖蛈蘹鬫쬿觐ﱿ⌻獲ꗥ읞迄맯頮ឡ㺼ﱉ妨䙕圽驭䃟᠘䭓㻼ྍ饸ｃテ찊㼓贿��薟༏�ひ�꘎ﲌ롯厹ᄿ쐝籶䎙웿搰ଧ⏻愄�ꯃ免௺瓫ꆲん蓯�攱䃔瑼먄᰽ﰡﶏ轲⦪叜ᓝꥺ⣕ꤕチ挒㑂☽㋖䊋ḳ働礳憕䘦酗歄単䖄ၪ⺕ག㑹뫕䙓咢슣쪽잳⒔�飋摙厭巓캷迧��淾볰⥀홴ଽ䕡䮆휯᱈䶊눰䇂왩⽬讏釻್㯷낮ห겨訵玜荏摨㲍漵﨏䚷ꐢ曲䒩뤢肼䣑룥꒬즠찙٤媣⧇퉴ఽ醢㗙䚵㭱梁쾄骱싏棑륡�禮崀ᷪ䏟켮࣑ࣿꌶ►棿薴䚌闔쑋怡㨴蔐䧏㝒앸롍∇캬᠃蝜↲疍⭍헄ᡵ웒뭍ꓬ裰歸翐ྨ斎鄱ǝꇦﲗ흒傕卮鶱臤薍铒ʺ竘銩��⃑ჴ㠂⺄鬷艤뗣詩⾛̏箕�ஸ푚㍅秡℧먭藭�♪뾢康慻㦯㕝ḑḞḞ鸞샮뿎䔧ﹷ锽醟�䘿텣澇䛱ꦗ칰��哋궈覎醑Ⴑ䜄衂㡏쁀瓄뇺䶃㒍朸۪嚨汜渷阹뀂筅ዞ肚풘種⏴짻緬Đ噠룼뺮>깳䮙ꏗ藉綊坜梕㇋㝗塀뻕扆㘙澦儉᧹뜔캤ŀ榤힟ʒ胠봒流ǘᑝ鱇틺唂饼�轉㸮닥댠ቡ岷Ý䕡�汿罭戨⎟榀剠ᶴ殀絥⫤ㇿ㠎觭垅㦞廪讱㪈텫행仛ꭢ浱敹爐ﴤ✘톣놐ϰ쒲ꎽ첥䀻җః᭳舽瑌㘤�坎黣쥛ꕸ殑뾴낪㸪罭큊㠼煟卧৹ὴؔ䗰ច幋↔ₓ︑ᮍ춚넽﨣�橃�⣔찞蒟疃븫袪ት鲍ퟐ靀穮ࠦ攢蚒ᶕ汹䊥ᆮ箕섳駴൘ᷜ㱡ⷞẞ䠃사ⵑ줬�魣聦㵌箈மȰ焅㫌엔㢳ྥ胀⓰怙ꨢ㻎ጰ燋꽣敞ຉ셀鰦軵㌭⺘傲ꊚᮊ�笽옆慠꽏제툵䶑㛀ഘ蕘駤焷ꔨ졒둪妚狘վ耉숯�煹㷂ﴥ绖큛鼸舊褧먀⮾엖謶遀鮟쾷༐뻰দ얋盬䭇迊�狊ć冣᧪ꢰꇟ嚧ച銖摋䈧賚꿟벺⺰෭纍婆ⷘӎ黼䄯ē爆ࣖ呣䣲╳洚갸ᳶ慛푃ᩝ➐歩瀾�嶏퓫平슚屵ၞ삍훩�⭳爙揄곉න�ꔵ椿敏Ⱅ蕊䛑豤韽舎╞俾⊗屻ꎗ幤욎ꃇ뗇淵玲質ￃ⪞옔宋䥬熀⟃䃬確똫젾︅ﬠ꧑汔݀ᘹ쪕낇茪표ꅥ곸렦銓죘彑쮠炲啭덇㤚ꦣꚸ馫ﴏ歞ᔴ약⤭䦣눈鬴紲宺뙃笽ᕢė꠳⌮飡ꋻ復霱軹០ࢼ퇍⪤洞헬♖䭔ኚ鈒⣂鶤�இ䋦闶ᳪ케폖먢帯蔭睻赟Ŕ蟽ú郋쀃嚆湳͉䏒挃셤䰪獵耴瘨큽ꥉ퀧侷�䈚蔛뉉ᒍ뵸ྈ圾ઓম瞪㨋ῧɐⷆ鯵셍鼰덭햘푣臷烸롢砲趜诚化쓖䆍﵅뱳ൃꁝ吋䗡㦎뾍酋쥄፫ᷕË㙬ꞧ쁮⥫됕霄뮋囉ߐ蚯湻載浘婆쥎첻굧茀Რ垱妏㫪ᖂ䛺发秠�㴕鸅擩콅螀螇螇螇螇螇螇螇螇녇ⷼÀ╀Ṋ湥獤牴慥൭湥潤橢㈍㈲〠漠橢㰍⼼楂獴敐䍲浯潰敮瑮㠠䌯汯牯灓捡㠵ㄴ〠删䘯汩整⽲䍄䑔捥摯⽥效杩瑨ㄠ㔷䰯湥瑧㠴〵丯浡⽥⽘䵓獡㈲‱‰⽒畓瑢灹⽥浉条⽥祔数堯扏敪瑣圯摩桴㐠〲㸾瑳敲浡�摁扯ed�Ā�ఀࠈࠈఈࠈဌଋఋฏᐎฒጎሓᐗᐒᨔᐔḛ✞ᐛ✤✧㔲㔵㬲㬻㬻㬻㬻Ļఊఊఎฌฑఎᄍᐔ༏ᐑᄐᄘᐐጔᔔᐕᐓᔕᔕᔕᨕᨚᨚḚḞḞ⌣⌣✧ⰧⰬംਊฌఌᄎฎഌᐑ༔ᄏန᠑ထᐔᐓᔕጔᔔᔕᔕᔕᨚᨚᨚḞḞ⌞⌣✣✧ⰬＬÝ�；Àࠑ꼀ꐁ�"ᄁȁȑ쓿ꈁĀȀȂ̂�����܅Ђࠃਉċ��܀�����Ā̂Ԅ܆ईଊ�ȁăԃᘊs��ĀȀЃԑℒጱ䄢慑ᐆ␕煂醁솱ࠇਉᤘ⌚☥⠧㈩䌵獲퇂㌪㘴㠷㨹䕄䝆䥈削呓噕塗婙换敤杦楨瑪癵硷穹莂薄螆覈銊钓隕颗骙ꊡ꒣ꚥꢧꪩ뎲떴랶릸쎺엄쟆질틊퓓훕�笠ᇺĀẮࠇ�����ᄂ̡䄒㈱剑煡ґጅꆁ솱ۡࠇਉᔔᤘ√␣☥⠧⨩㐳㘵㠷㨹䍂䕄䝆䥈半啔坖奘扚摣晥桧橩獲畴睶祸艺蒃蚅袇誉鎒閔鞖馘ꊚ꒣ꚥꢧꪩ뎲떴랶릸슺쓃웅죇쫉틑퓓훕���Āȑ�?醪ᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑ䱉쁌ꀉ雃瑨䡒̄⽐㠜脗щ酀䡋ڑ蠵誈ᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᆑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑ�ﳚଳꘌ湬궅虲䵚錩娭ᦕ驎䋏∢巍ᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑ�퇿醪ᄑᘑ闤᪙虭�쀠﹦ﲊ꼗᧞䌪豋言䂂⬑ᑍ⮎䩤頛鵰ᰦ䌽ᵆⱃ割滭ⵀ햩享刴媼㞁ጥ菆깍䘁銢갶傤쑄⎌핛墇饦誗䨲鿏鄴悊㣅옠珀舃䙎⥫딍ꄧю퉖抋䖍碜ꔑ颢�סꡠ⑄퐪袨袈袈袈袈袈袈誈䍖줹䚻䵐见뜍灎ṫᱜ筩蔨㮩콥쓙�쀢㱰顣⩳ᘪ现ʆぅꥐ⮛⤺⒈婊㌚ိ㮆㔔ح㗱꠵䆦뙚㣑順햰ᆣ턚晁䣫釘ਇ€塡⩔⬩챾饥愼껁ᔣ꒸騼䠂긭ᑍ쵪ⳍ楱֥깝Ď郂䒄ᅑᐑ跍㷀쎯따傮曊휞飡흚攨튤㊙ꟕ㦟鑑ꛩᲮ⋴Ⱒ퇕ᄑᄑᄑᄑᄑ䥮酙顦뵣ೂ㞻埴뷠勉尚Ѡቔ褀桚熤≛�蓃쟩ⴍᏧꢇ흨璮옲蟞⸥�⭅ꣅ爓㱑㑨樔〈쩪х䡌㗂嶼뀎㏍ᐯ镤㺟⍩섔炊赁Ї趜쀵勖樛䉏࢜ꖭ씖謚䬣い둣ૂ勁䊒䪭袈袈袈袈袈袈ﾀទ嚖퍝ၓ�펀錌䂪怢ꄨ锰�՛賖ꓩ昘枌ḹ�韩窂㑾寴�铑阗駖楤ʁꐀ愉䎉ăᎦ媩쀰ꐍꘔᆭ䛀튔耊袈겨袈ꒈ查㭛똉ﵬ先ￎ愀귈豰ꎅⴵ划㟱ෳ逫䅆⿕鈒守政꜈ⵗ쉱൝쩴鿱㐐触䠍ⴔ鑊ᇃ䱈뒢凑袨꺨袈袈袈袈袈袈⢋鼰⬞쌠簕ه暴䂓沥ዋ繖녙쿢聃㳧Ꮇ쵵옻㤕႞৬䱇뉙狆വ埔鈖ې�㎭�烮㊞ᄶ针룂뉊�垢၆ᆤ⪯㨣�쌤�⨭㧖⟇ۅ辳Ⱎ柌軇Ბ鈜妰᷍⃠ኬ瘅甶加澑䑄噕䑄卄㜶ಿ훂䎹鬩耛彻憆屫隡䪓쭤鹖卆骦玸裐뎈䑗䑄䑄䑄鞔푴㧌쌴ઘ䰨ꠥ癛ꑼ섖ꍵ椺ᤆᦣ䟎攺黠趟ᘽ㛖⇳纷斴ꚵᩙ䁠⦀堂偢뻀」䪝埑虱洀ꔠ✵ꣂ桕ʎ咐䐄䕅䑤䕄⬧�枳ੁ�㧬휀절㍚텒☥⼟缓툰ҹᵤ⠩뎅僶碊◟흲├�坯꽌七遨臔푂䲩刲⠓㒭橔⨢ꈫ∢∢∢∢＠閔Ҋ㔡砸崢㳗휩놆ꥆ㜫�뱊鳊ī6妕㚥膼䉢䒍䕅䑤䑄䑄孄◶㬝㮈읾ኅ蘛⁘犝寐◖ꭍ䌯煌䰧ꠁ⯕헭嗁ퟴᕗ㢖爊ꜭ衠ຯ鱃씉籝懕䮡鸃酗굜�瞰冉뢣蛏醡쁒闧埤蔦ฬ幹牅㙚ꏦᵬ勢�撨㩓뀔ᕹꇉ͋垞岑趖ꢹߛ鑸皟뭩ᥪ츔ⲅ礎䕞桲쁒闧埤ꌥ橮섶◞�溚㻣蘚㍅䮡鸃酗땜ভ⻋ࡢ鑤窖࿄븄뻬蚢艪臆㐑걩휓ꀖ♹踓ꘕ᨞宏當㞩䙦┑滞轫䦆炸⏊땞ⴗ鹫웠耸븀㡉ꬂ楉ꘅ各ါ脈⦔䂠莘洯ொ䶖�嘎餎⥁櫻댘妬⨫갡덻�럚偓둖䘛擄氘暋釢옚뾇瀔₺㑟嫍嫍퀌蛄혒ᢓ裓邖鰕쓍䀰ࠗ←䀊ꕤ䐡馢ꗐ쾁젫䶮堊誼寥�淔벃둊돻�썧졐璦怩쩳⯲䊓ޖ꼼뤢ᬭ关ຶ⧱矓웒Ỡ媘⣗�⫛鼥䑨⎁䊉ງ贙ᒻ騄䝑剨⭗趽馝揠楤ᅰ⫑禍纞琀ᖮȕ䎵餢ꗐ쾁젫䶮堊誼䯥�淔벃뱊돻�썧졐璦怩쩳⯲䊓ޖ꼼뤢ᬭ关ຶ⧱矓㋔鴩堊誼탤膥⯏껈䙋퓜荭䪼뭏�糆వ겤灱맙箳霑楰⟩ᩞꗐ쾁젫庮쵶퍙搶釰쾔�攷䋷颦顕菆ƒጰ郑通尕䓢ࠋ冘蔵塄冭ᄑᄑᄑ�⃮ﯭᐞ湈怙疂䇋塯욁韔㒹᫇꣩㕪퍊笺灵絕픵槅ꔹⲎ娸㩈슅揎焸틚喰ꨴᇁᄑᄑᄑᄑ趔嵥䱊糁䴽ᐪ쩲䜜衂賘猴ᰜ栎ꖾ鶎㕰�ᅸ녒될뢖荐ᅂ�㈘雓锛负榀㈑쩁躪㙇쉴훀䙐ꐟᅑ⤔䑄䕄挡呮덨�킲⋒ꏥ귆딆烏䅫騤⼀咒↛쬢됱必鍈धଇ깘۵圅胋홪⫪鈰❉븉誈좊늈ঃꋑலᴨ촑ꥨꦠᔴ䨩抋돏润옸뀌欕�炵⭞妾➴麃껁趘岐ᗬ몀璦䘒푊소抿喜ㆇ죷벅懖瑭换ꆀꉂ囜㥓﮴懋ँ阾ꎰᆑ땠䑄剄䕶暟㗎鿮ኛ껅欍퀪兝Ꞇ嶊銍덌겦晩䗎잡ꛎեヽ戫繊콪⎌㱋莰楼摄ꚭ晓䊲᫁Ꞹ�䥓龓琨厕嵉ਤ狆扦慮嶜윕嬝ꛔ㉅쨀ᕞ鴽㠌눳횒Ǭ齱蜔鴕⬤�檤ઔ햤꺥餠쫨初넌饗㦸ʢ鈐Е䑐呄䑖䑄㙓7뿶숌맖⥃ᮛ简號歡ꅜ鎖摊囋粞䛥ꙓ뢚큳袈垳䑄䑄䑄⍅뱢㐺䍩齁ἰ圌ꦛꍐ傖㪢嘌晅揾蚃憩炝صꇘ覅ꐅ습᪄訐핆좄雁난泼䠃銉唎牔댹ᚦ눆䚁ꐟᅑ⤔䑄䕄挡呮덨�킲⋒ꏥ귆딆烏䅫騤⼀咒↛쬢됱必鍈धଇ깘۵圅胋홪⫪鈰❉븉誈좊袈袈袈袈ﾈᆑ洑俈䊙凨√왋ᚽ쨙즫攷냜䡍참鳋뾑飛ᕆ베ቓ얯�ߌぎ怕ৡ䫗ᄨ⹊評ꚥ氱袆垠ᒉ㤩妣䇩灶苄ᵮꖧ困阅ꄱ☑阛堋⓮瀒灐樛ᩏ∭滛⭚倸읢蝸蔅㧮ᔍ聛냘솱涞챵闊䯌㙢攢⇥嚲숙혡ᖖ괳糊鸤逦챚㖗抁䗄⎟섚遽銫쩲見鱳煉䤸谫쨷猨₣Ȑ岐橍�輦苒∢钪䑄㵅犦᱑ᴍ㌷㉲ӈ灥薃䱃䳍륍馯衹ユꐱ㗤ʸ랜ʩ돂欥뙼➨뷆�딠醑梬沅焣챙䆠䭵ᅜᘑ䑋䑄奄蕂㐒쉆튄룷횀랒뢬⭶녚썢灰氌倱⽅溒䩎킐鯽ㅦ婉쀹᪃︮짌贤婈昶ϒ僑甥뢀㦪ᣤꐵ骚�䏦겳㮹逜쳸㐦㉂嬫鋚�鎼ᄓꎦ㰺秄鲫赗텄ႈ�怅⦐杣ɛ䥢騤裒ꢈ袬袈沦Ů续蔙犭历㜶ಿ훂䎹☭즔궖祿賊䶧瀵ꇧᄑ깦袈袈袈袈뚈⟤ꇌ⡴ᆍ譞豥늛懮ꦉ朇만ᯉꟽ谨䄫敹ꛦ∥鈈⳯晶꜃ਘ炰產諒刄開ꥢ豩䭛偄쐫䖊银톜뮠戸㝁㤎뺴쀊욲∴쌤셲ᵫ苄؎䮾佺ⴚ�㠫扐磇ևഹ嬕�뇁黣畭㛌쫸첕手∶눡ᥖ⇂零㌕ᒭ૧쫦⑼⚞媐韌ം�鿅脢妘렊쭉⸪䜤篅䒢츥╱긤�ꄨ賎䂀䄊꽱᭒䰉톤僺䑄剕袈袈袈袈肈훿醪ᄑᄑᄑᄑᄑᄑᄑᄑᘑꅐ놘ख़庸퇠㒩걘䒡讍�躽椎ᓔ눔厡흙᥄ÿ唊嵞풭瀞⣊骚㮍팝ำ袺巺耺聖怴䂦╞ꭹ�૧摂ꂮ㎫橃딅ᄑ契ᄑᄑᄑᄑᄑᄑᄑ䰑��娋沦Ů续蔙犭媆⥍ⶓ祚闳丙檚쿡≂촢ᅝᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᆑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑ䭬읏鞕閘玅㑱뛖䔥⥒긕ꒈ悒ꐉ랤肨㔑蠨ᒊ⊢∢∢∢∢∢∢∢∢∢∢∢∢∢∢∢•탿醪ᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᆑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑᄑ��湥獤牴慥൭湥潤橢㈍㌲〠漠橢㰍⼼楂獴敐䍲浯潰敮瑮㠠䌯汯牯灓捡⽥敄楶散片祡䐯捥摯健牡獭㰼䈯瑩偳牥潃灭湯湥⁴⼸潃潬獲ㄠ䌯汯浵獮㐠㔶㸾䘯汩整⽲汆瑡䑥捥摯⽥效杩瑨ㄠㄹ䰯湥瑧㔴㜱丯浡⽥⽘畓瑢灹⽥浉条⽥祔数堯扏敪瑣圯摩桴㐠㔶㸾瑳敲浡襈ퟬ屹朓ܚ⟰ℤሁ䊉ࣥ꠨帠ꭐ꠨嘈淢溪먋ꈜ⊅ᾊ쐅ᑅ呅쨼ꏖ唞䃱꺫諸⫑᪈兄횽뮳嵪╪サऻ́盂�힗�`擉旹첞ᦛ言⢢ꊊ訨⢢ꊊꨨ㙾뀟㢺躑ꅁ쇠ﬃ䧳ꃧ눐논璑릥鐷⎤ࡐ雹便Ⱥ邅췋툼⠑㚔메躐⅀倫䣑ᇒ萨霤旞�慗潐呈䑣爐狛깷Ꚑ篜圯亭⎶覝葪龶蹎誊⼞ᵙ耪樂��儣�ᰮᨛႣ㽌䷢磕⧶㬁涤釾㙣〤㏻懒욨ⴓ䝐＃ɞ풨䕫쎤衐䧋ꁇ촚ၲ窿綑ꅮ庌痳ꑖ倣�骆鬔⥜ࣩ䨔䟖䡬ꁇ鉐橝㩉蔂譒䝉傠ꓪ␉脝楂ꯠ퉰⠑抔靊躓ꅀㆴ篩ᐌ⪮ᴠ듂�⚈⓰Ý뫄`耑⽙ƒ罔☋˝嚴⌬肝쒰ꓝ–入鯜Ѵ�좮䝉쥀곭璘숄໌ⅵĝ肥ꓵဓ撷⠄⚅云局㣌ᩐ柿ஈ䢝ĺ齊䱽ĺ뵱䧃䀧鉩㶉㖅靀툈倉㩉焁텞Ꭴᒠ觝ɴ�䡢䀧௩퉯蠉繓㩉䨁❉丠修ĺ充䔔ᑑ充䔔ᑑ充썔ꐉ깵嚰馕믗볉鍪ꢕ趮ᤂ㲞搦䋻㦐㤻딹ퟢ㵘ᨣ內鋏��魞糄㭟횳ⱬ髇㞿诛熃㋦渁⡌볌穖ﳩ뇃혵끿㨥ӥ㓛곧ﲟ�鿗ᵽ遲鋒㍽壆₦颬ਏ盏酮㨯壕⯏贚⢯탯P헕ᔽ몪꺶鰁ʘ轢�썙놫ﵢ⯿睾蟩瞃惼㋶鹙宭뤧꼲廖ᷟ韂춠㤝ܻ篴纈ꊅ�㢘�ﶋ씐舸韲�ゆ殦䏍⼭嫖腁ꗅᮛᾳ㩯㩣丈휎�歞䲯㖍Ҷ圑�픕귺礨띯糎�䷐࿓駂�댧Ὢ殻똶왘籊幻禞꓀宒뒝岫躞붩≗蓣섭珢禺䷴ףּ氰滣淞�䣋捈桚㐫綫諬끯㋅陖鹅s閆⬟㗙殲濩ᗭ듁雅퍠�꺛즡番猭㠀욝囟ﴠᣧ拈�鼙躷뾝嬃挬奥ﻄꔍൿꈰ橌ꣳ笃늏튲귭뺽層▱㇈䊸娿㢲﨎㦕ඳ졝ꗾඳ⦵ԛᢋ쟛湦ᛃ壋㐙馴신聀晀溨胃糎覶⭊Ⴧ䀙䕆翭瑕屦皇徧树僘䵯쐰文蔪ᖼ뮈菲녺莿얱嘲鞖觙猬쀣闇뀶̻ା貏嚝쾴ꍵ�େʦ빬㑁껰쀔镞꓀㒆귗금杤�ɂゟꄝ䕏糆移�먢背륑！࣌녬閌婠聫ꇁᴀ䗓圐〈甼䙡햰宫ꫂ뺸艛癯ȕ㢯弙謂䂢ꨋ볮ៜ덙ﲓ瘠䣒쏧ߊ‖ኾ츎펳㈲촖�就︬⛆瀻蹩༛�蹪霯듗庯䲔�嗞삓罷꼢ꥅ옇馪ﺫ웋ಂ时칞쿫ܞℒ⨻틕︲ឰᖤ豢▄첗˃숊ፏ幧ꗢ섬땙ே竷릷毧䆯楹ﴇ䕧큘脮ꏟ࠰젏✞痽츲Ꙝ퇀窫멩䤺億큩݈ꃨ姀ｗ霝�姿䦴ఝ⯼�ᚄ≾릜轌獰퉿ￔ㍴ᇒ鎌螰璘㪄窹ᐾ充䔔ᑑ充冔뮐傷캐⅀戴쓆ꑁ倳䰈諺煽⇟�虡凞埑녦�隹䟨퐶傱㺭ⱳ漁挑쐑膄킔憂壴ަ诈顗ᡡ胚쒬俩戭拞殏ꏴ悻팮휚ۨ鹂㟘ᕁᩔ㾷�挏魋籴꒾ꨉ蜘챑豥⾣뙥ᱠ뗽㮴谀䣔鳦�诨휫ᯢ뗼ﮐ䶾앐頸䮟Ἰﵓ衇靇証み綁ק�奓緳ᇶ궢笢ⓙ胓け맋㿨輑㺾嘗猾䆀際䠮誵高樝ꏳ⠫�碓胭챆覇椂廙폀戋惾蹷돆ⶏ낱ꞧ폶懞ᳬ菰㠋쪗嚑⫱欟潢棤ꔚ櫩滶㖆��鰝垗Ƞ⾈Ꙕ螂鞪먠ꑸᲹ䍃㿇听쾫黮掴쏪䠾㘇ๆ튫綂閙똍郓츎酳��耖郇䫣孰垽栽ᕽ铭瘫晰ꟙ奬容璅⍠ⴷ먏샍눲콨耠鹭偢쯾꒳寤꣢�㣦㘆뉖枽찏㏂쾴畡矑䮶쵣쾂侨익煮ޠ醖閍ꁤᶭꆦ㻍㕔圃㝕녶ꪵ洢辵ᑆ充䔔ᑑ充䔔쑡㲋뉾鮀纣譜༴고ͅ设ᇯ�磱ڳ秔䦧飋쾧貹쮙좵ᥟ从릋靿Ꙥ柬�⧥닳ᤶꖓ関錻뗊퇈䏟常ᮠ欘�锥潱⢻ᢲᤶ첓ࣱ㴍䫼�꧓⏇䶒ꆱ�똈岡寏썪�淞ꆴ蘦퐶ࣄ퀚�樜蚚㒦ꆠ｜鯜볎꽝뽜僖Ꙗ钡猹쳦捎㡒遖쑅䵨颍㞠졲鵐紡㟵㶩㲼뒽⨺띵劣熿팿ﴒ릒胈��麊깊剥蒘ㄩ䶯ﲝ蓩☷ꉾ囿쌺嘆㍽踻ᨕ㧋弓윒눒ｧꃃ嗥伴�楧玞ꡮ凰掭ᜥᠯ뻠잁ۥ眴霏쒓泹듗顟ᗲ�葜홋㎬䂸᧗뵞梎�ⶏ늲誟❵ⷙ槏Ᵹ᧡蛧流靜콿ꆹ䳉쥩徛쥋썵쮟ꞽ茚쮟꼪㦬棖⒜᧦德䍐䏾椿��㝑秧梁臜槺ﱫ⤗䥉络翈ꣳꪨ踸䘿遡ƭԔᐵ脝⢣飋苠聊⠨舦鋦Ɒ瀗䐡锶㐠좱꣨뒝焲㭋⸪蜥䴀铍ꥂ㬨ꈨ豩個�稽軯篎羟�濟﮽릝�⼶ⶍ襩⽉蹉洏䚽뎾⧩闻ꫝ鋕덫�ꀟ繨ⶰὰ㛭褪낭묽ᓜ龖닀蝿₲ᶹ⊛骖鴄同쟀혖ﯳᅿꁢ裍뚁皛騄勈绁蔛倮䞶䒊ٔ䛛쎱嘟붱벫�멧喉쿠姲膶鶌헢퐏⫨쐞屓請똪瀣肮㔝跅덄鑿挪詶㽗걐쬷甯崣⸨㎵ꊈ焐斔֞㼧샫゚ｧᔬ䆯�ጱ�蝫ʐ벵隭죜刐玠弚㝉槻蹉Ċ⨅漫據읩ӡ㇚�⭒摶✈Ր䕀﵃렍龍ⅺ䂜脿⣲嵵쀚괼凨頡﵀懫ᾕ㲨쇶톓䊣脰샆麍�恫㚖꣼䰐욠熰븀亅䒿ጅ፨~땣䛥킅雓ᔛꁢ蘺ʠꄝ䦆狚䊣腐䐡湛ࡔ퀪檡혈ᮖ舕琊᪘欦跋䄊Ӽ땂䛥ꂅ甂頂⨷ᔄ令慻浲冹ꠡ蕀ᢀ躨ء措膈ᣪķ㭪ᔢఊ걫鰈֞쎏砧⊘ੳጉ삏촙꯳䄰玡ꭎᚄ랪瞹蕬긯㎤ㅢ�圶颽꫟쇴�舎꣺膙̓ⲧ鍜ཱི賾쟮뎳㴍ᘮ㝺㗽尿迦诒⟙�顎㠘六鹺縒霉猛吞ڭ⺺ҭߕᨼ㣱껟뇹ᕢ䟌䖨�섷햦�╒Ҕꗳ䴳䜸ꃜ䑙䥋苒䚫획㶒錢숢̦엎◑ꚰ⼋謾㡼힌錵밞䤘⥰㲳萓��嵊퐋˱泼㉌빮訃돠苎ەꗤ랩贞쇠虈蕋⸤Ὗ彋ᷛⱴ�䞄㦿瓫䈖謨衕嵖ગʩർ沋퓞䂱ᒻ켮䨋履휋詁ꪆ�孥趮뢤顔阚彘뫔㥀䍁ᘹ⭳ග桟䞬⩀䊷尊찪䖱ꣿ㆓溹ᨅ쬇혵䁗Ꜽ庾蕵᪆␛闫鲾⤚ꭰ삱漬뀼᳅ŠἊ蘢�ꃘ得콯炥Ⱞ뿐�䮉ԣ埝ḶꙚ싎캰蜛퀢䈡全㦱쭍且ꉿ槳䀘䘆桲ᘔ�㇒芧폃ࡨꞌ᧭焆ড়䘅栄ᇚ쌽皃沑喋书癖᎖䵩끲蓆૾粒堝䔙큚ꧻﺘꕵ祟㼊銿复矛૬虷睘眏퉓겚࣡�ా䒺墈к룖沝㽹⬇䪁쨟쥋㭡ࡈ큡䈥Ѥ�ᆸ敩甆䃻㞥浥簰䃉ͨఱ䒺첈膂먌慒渴婄㷵ﭵ婢宣⽶꼥蜍᥏초ℒ䂲鯝坁䛢鞤ᳯ넻賟�륉쯌闇ド闐먌衄艄茭ذ∷촭竳폛벀施緉쀳ὓ筟톋��▣㕷슌뒍뤬윽�澟䲊ȳ㗰蓴䒺ಈ悇崆섛㜙ዒ邒萋ꚠ譣첇茢쓤ꅩ懌尠踄먌衄ᡒᵴ跀潈쑵ﬢ筢᛭㦙�焌ꑧ뾷ﺖ诠㶝愭孰␢ꠜ碤똑探⧵ﳼ鉊ᾎ縻ز붋뾔苖菲ਃृ㍣迁褆㶴㉄徘街⪦भ䵏ꪣ疙뛆䕾锘⮞ﶤ洊ᆂ㞴䈥⮎ꛬ짭꒭鼸ش蓪ㇽꊝ篖껟뵃쎈ゑ욃꧗誢⡒荂忡�榠༙鑉㦵�䡳䜷�ར◥촽꿂윉ᅞ㣦(짢֤̓扌틎�㕋祮恂쬓訫暴찍壕ޟ玟屬ꤋꨚｮ띞壦Ⱘ⼬粫鐴쁗ᬜ⺭딃羱쵙蹰䉽羣ﷅ鑡⇅헵鲶ⴛ膳엪堛퐇⌷ೂ攧⡽⥅ꆥ➠䘏䗹탘撝ボ︎�㏐ᒮ釖浭궺銂뱁贘ꆢ锶꫰剜处ﯢஓ翌捔ꃜ퉕䠝鲥տ侮ぱ线삯੮䇙ꑇ萝쉗悅鞻槓鼠ٔ놥ᨼꎥ䅳祻䣐枅닀垽䌞ꡍ侙⠡暯⩻ن좭刪⛱⫼⟵맮ﭖ騔㽐줬暝꿅灎苈讳黫濏煝衦�ￇ怓ෳ攊摮瑳敲浡攍摮扯൪㈲‴‰扯൪㰼䈯瑩偳牥潃灭湯湥⁴⼸潃潬卲慰散㔠㐸‱‰⽒楆瑬牥䐯呃敄潣敤䠯楥桧⁴㤱⼱敌杮桴㔠〷⼲慎敭堯匯慍歳㈠㌲〠删匯扵祴数䤯慭敧启灹⽥佘橢捥⽴楗瑤㘴㸵猾牴慥൭＊î䄎潤敢搀��！ÛÅࠌࠈࠈࠌఈଐଋ༌എญሔฎጓᜒሔᐔᬚᐗᬔḞᬧ␔✧✧㈤㔵㈵㬻㬻㬻㬻㬻ഁਊฌఌᄎฎഌᐑ༔ᄏန᠑ထᐔᐓᔕጔᔔᔕᔕᔕᨚᨚᨚḞḞ⌞⌣✣✧ⰬȬఊఊఎฌฑఎᄍᐔ༏ᐑᄐᄘᐐጔᔔᐕᐓᔕᔕᔕᨕᨚᨚḚḞḞ⌣⌣✧ⰧⰬ�ЀḀ샿ᄀ�ƿϑ∀Āđᄂ＂Ǆ¢āĀȄ�����܀ăЂईଊāĀ܂������ĂЃࠇਉဋ��ࠁȇ����Ā̂Ԅᔓ卒吖銑ꊓۑࠇਉሑ᜔ᤘℚ⌢┤✦⤨ㄪ㌲㔴㜶㤸䄺䍂䕄䝆䥈兊噕塗婙扡摣晥桧橩牱瑳癵硷穹芁蒃蚅袇誉閔鞖馘ꆚ꒣ꚥꢧꪩ늱뒳뚵뢷몹싁쓃웅죇쫉폒헔ퟖ���Ā؇ތ����ȁሑ剑톡愃銑Ԅ܆ईጊᔔᤘℚ⌢┤✦⤨ㄪ㌲㔴㜶㤸䄺䍂䕄䝆䥈半啔坖奘扚摣晥桧橩牱瑳癵硷穹芁蒃蚅袇誉钓隕颗骙ꎢꖤꞦꦨ놪뎲떴랶릸솺쏂엄쟆질폊헔ퟖ�笠Ú̌�ᄁᄂ㼀销��������������������������闐������������ꡊ授캒衅芉䏩鄌봛鰰ս⋇衡䖎䕄ㅡ倱ແҧ㈷龩헉誢ऍ钘ｎ䰀淌䈁 ������������퇿�����ఀⓒ⒓馈㜞ဌᕃ썳ㄌ䑘䐐ು呔䁐旒팣醬퉌ᢶ扢袤颸桮摢돍瓁無缒鈠⦂ꊓ⢊㾴㾊䗑ﬗӹ姆辔뉎䱂窤鉵№䄪ၻ鶙찕댌ḩ撝馄⓫䀬֝⽈።ꈳ膹斖팣邬⦓鴞蕤ᎈꦠ時坴㈰畺ኒ⍥곓놐琂―袽칌夆辔뉎䱂窤鉵‖艎ឤ톙쁜㋋䣖鑉亏䊲ৄ哐㌡⬺ᦘ剦㨽鄲훩塈㪁逊쑞朦獅鴃㓲⒁◁⇍䖎ꋆ䒍Ꮑ嵺怸ࢆ麛蟧興渘쥶ᤲ㼊䜥ᄱ접抸觠袊끞竁獃ꨠʜ馢줄짓淢ᐥ텉饎阱⍥곓鎐ḩ撝袅㩑逊쑞暪坴㈰畺ኒ⍥곓놐琂―袽칌夆辔뉎䱂窤鉵‖艎ឤ톙쁜㋋䣖鑉亏䊲ৄ哐㌡⬺ᦘ剦㨽鄲훩塈㪁逊쑞朦獅Ⰳ䟊妧☡㵒줺ဋ䄧蓘悮饥⓫쨤ꝇ⅙Ѣ⫨筁餐ᖝೌ맱ㄞ踜완迠Ꮑ尌ᅔ㰷䱔ၔ獁韞㠼㍾⌗㲒୳ꋆꋢ긢홫鸋ᬦᚚ⫇썚各辰셅켍ꅴ誉ᢆ�ᢂ굡垅⧲ꈨ㊙∨Ϭӽ❓≿⮂Დᅐ*�����틿�����ഀ룑独琵炦ᯝᎧ䐌罖ณ̓h�������������戍ꊢ冺��䇐ՙߍ퀴�������폿���������������������������퓿���������������������������헿������㈹꼼䦎餑ᆼ퓈≮쏩簑垑ࢆ蜠켰䇕億ⁿᑑ䉐焦㚇앵饕쐚킂熝晕녆될䅕儩㑅枕猈屧奕겑ⵈ휉嘕此䅁倩䥓灖㚇앵饕쐚톂岤身웄ㆱ쳨ࡲ䷜諒⊂居ꓗ䔘鿍ঊ詊꒩㢫≠Tഀ≢ꌢ熑렱횛⨪ࠪ㖘漸H㥨劑䪪蚉領ꢨეශ್윐灣у꺓ꍉ�鈌劂ⷊᐅ喒튠ݱ甮㓉魱㔖觡ⓗ웑塬蛗ሔ冖੨⩉㣐鞃㢚词梒㛣欬ૃ䬉됨␅梕䄜䦖掑Ⲳ䱔癄맦ꋢ詠蚉ᠦࢆ虡鸋苧怘ᣇ䖑倄≿ѕ쑓��鈌戼䤮䒏⍆㕷诒₽杲嵜酙䢬ᔭ╁弔⃨ᑑႤꊉ蝰甶嗅᪙苄鷐啱䙦₱喴⥁䕑锴ࡧ杳啜酙䢬भᗗ摖ቫ䄋⥁卐噉蝰甶嗅᪙苄웑撒른㴖᠕䎎㝑㜴䰼㰷င쓁ꉂ⠩ﾠ䔀ꠂ‥曆䰄⡠T�����훿���츎뙃塺뉉䰼ᆓ渌ᄷ猗喬蛐‘惇ソ墇旮ꏲ捖�汊䪚⡊┥‥⢊ꐤ誠ᅤፍх漢擵턒х偒䕉鈲㐱佐䄒䔔╅㚍녇䈽銢鯆�ᖦ摒ᆖ띫譂똨垃瞾ᐵ㒖ộ訊ᩋ转穢颎餔营ꋐⷊ햠鷯㛄쯊 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Rationale

States “why” what is stated in a requirement needs to be performed

Provides a justification (technical or otherwise) for a given requirement

Used in the background explanation for a standard 

Provides a key to understanding

Reduces interpretation problems

Facilitates maintenance and upgrades

Preserves corporate knowledge

Not part of the requirement

1





1

MAIN POINT:  Huge benefits for a small investment – great ROI.



The additional information a rationale provides increases understanding and reduces misinterpretation.



Documenting the rationale is like justifying the requirement – the clearer the rationale the better the requirements.



Rational gets people to own up to why they want something…it is very powerful.



If the rationale can’t be documented  – perhaps the thought under consideration is not a requirement and can be eliminated from the set.



Rationale will help uncover unwanted implementation statements.  Stating how to do something as opposed to stating what to do.   



Rationale provides the “why” for the requirement making sure it is increasing the system’s reliability



The increased understanding that rationale provides allows for better change impact assessments.  Changes will be recommended during comment periods and long after approval.  Knowing the “why” behind the requirement helps you to address change in the context of what has been done before – SDTs have changes in personnel and sometimes forget why something was done in a certain way earlier.



Rationale is useful in bringing new people up to speed quickly and serves to capture corporate knowledge.  It also helps downstream users of the requirements understand them better.

Rationale  saves time when in writing, reviewing, developing and measuring --  it will really payoff.



Can the same rationale be used for many requirements?  Yes, but why have all these requirements if they are for the same reason?  Thus “to improve reliability” is what all these requirements are about, it is not the specific reason for a specific requirement, it is too vague.



Recording rationale is an investment with huge returns.  Recording rationale enhances good requirements; it should not become a substitute for writing good requirements.  Even very good requirements often need some supporting data to keep everyone on the same sheet of music.  







Example Rationale for a Requirement

Requirement – States “who shall do what under what conditions”

	The Transmission Owner (TO) shall alert the Operations Planner (OP) when something occurs.

Rationale – States “why”

	The OP needs the alert to handle a situation that could lead to reduced reliability.  The TO has information that makes issuing an alert imperative.  Standard XXX-00Q covers the OP action.
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Requirement Example:  Transmission Owner is WHO, shall alert is WHAT, when something occurs is the condition



Rationale Example:  The first sentence states the “why”  - avoiding loss of reliability.  Make sure that everyone knows this standard is not covering the OP action described in the Requirement, since it is covered elsewhere in the standard.
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Rationale – defines

Why a requirement is needed

Why the requirement needs to be included in the document – reason, justification.

What assumptions were made

Assumptions made that must be true for the requirement to be valid

What analysis effort drove the requirement

Trade studies, research, or historical data the requirement is based on

Information to help understand the requirement

Information to help the reader understand the intent of the requirement. 

Source of any numbers

If the requirement contains numbers, where did the numbers come from: What analysis resulted in that number? What or who was the source
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INSTRUCTOR NOTE: –Present and ask the following:

When reading a requirement statement, have any of you had difficulty in identifying what the requirement is because it is buried in and amongst other additional information?  [get drafting team members to share a story].

Alternate:  How many of you have had to maintain or upgrade an existing Standard?  Were you left to wonder “why” the requirement even existed or “why” the measure was the way it was?  Some rationale would have made your life easier.



Some requirements with absolutely no rationale really can’t stand alone.  They could be rewritten thousand times and still can be misinterpreted;  rationale can fix the problem.  Other requirements, where the author has wrapped the rationale into the requirement result in very complicated requirements making it almost impossible to tell what is the requirement and what is rationale..



INSTRUCTOR NOTE: Emphasize to the group that the rationale explains the entire requirement (e.g., want to explain why xyz was chosen over ABC).





Message:  A way to easily collect and maintain rationale may be the best and easiest thing you can learn from this meeting.

Some people look at providing rationale when writing a requirement as an onerous and unnecessary task. However, once a standard is under configuration management control, one of the key fields in a change request is rationale – why should this change be made? How much easier would it be to assess the necessity of the change if we had the original rationale for comparison?



Collecting and maintaining requirement rationale takes extra effort at the beginning of the project, but it more than pays for itself before development is complete.  The additional information increases understanding and reduces misinterpretation.  In today’s world of high employee turnover and complex, long-lived systems, well-documented rational is essential to better standard development.

  

What to put in rationale – any of this information might be in rationale, however you probably will not need all of it in any one rationale.  The first item needs to be included for sure and the other items as appropriate.

1. Why the requirement needs to be included in the document – reason, justification

2. What assumptions were made that must be true for the requirement to be valid

3. What studies, research, or historical data the requirement was based on.  If the requirement includes implementation  it is necessary to explain why the team is constraining the design to this solution.

4. Information to help the reader understand the intent of the requirement.   

5. If the requirement contains numbers, where did the numbers come from: What analysis resulted in that number? What or who was the source?

 



What NOT to Put in Rationale

A rewrite of the requirement

Hidden requirements

Duplicate another requirement’s rationale 

Everything you know on the topic
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Main Point:  The rationale aids in the understanding of the requirement over its entire lifecycle, so don’t trash the rationale.

1.  Do not just rewrite the requirement, the intent of rational is to be useful.  This is the mistake made by most first time writer’s of rationale.

2.  Do not “hide” a requirement in the rationale. This is the biggest NO NO.  This doesn’t mean don’t use a shall – it means don’t add something that is a requirement here because it can’t get approved otherwise.  

3.  Do not just copy the same rationale from requirement to requirement – rationale needs to be unique for each requirement.  There are some occasions where this is not the case, where something drives a number of requirements; however it should always be a goal to keep the rationale unique – in general a unique requirement will have a unique rationale. 

4.  Do not use rationale as a data dump for everything you know on the topic.  Rationale is not a treatise.  Keep it clear and succinct.  All that other information goes in the Guidelines and Technical Basis section of the SDT.  



Rationale should be limited to technical explanation for the requirement and helpful, succinct information that helps clarify understanding.  Otherwise put data and information into the Guidelines and Technical Basis section of the template. 



Measures

At least one Measure for each requirement

Each measure must identify the functional entity

Each measure must be tangible, practical, and as objective as is practical  

Measures should support requirements by identifying what evidence or types of evidence could be used to show that an entity is compliant with the requirement  

Do not use “shall” or “should” in a Measure

Measures need to meet drafting team guidelines

New template puts Requirements and Measures  together
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There may be more than one measure – sometimes they are needed for different conditions.  NERC Guidelines state that a measure may apply to more than one requirement – be very careful about doing this – it can be a mess when changes are made to the requirements.



Each measure must identify the functional entity with the performance being measured – the same functional entity that is responsible for the associated requirement. 



For some requirements, only one type of evidence is acceptable – but for many requirements, a range of evidence could be acceptable. 



Measures are not intended to be written as requirements thus measures should not have a SHALL.  Measure is “did the entity provide evidence…??”  Measures can be written as a confirmation that something was verified as being done.   Measures provide you a tangible way to confirm the requirement was completed or to determine compliance.



Beware of stating another requirement within a measure.  In a measure, use “will” or “may” but definitely do not use “should”



Guidelines are on next slide



Location of Requirements and Measures is in section on the Template which follows.



When defining measures, think about how an entity is going to go about proving compliance.

There may be more than one measure for a requirement if it is necessary to prove something under more than one set of conditions.
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Requirements and Measures Guidelines
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		Requirement		Measure

		Calls for document		Require the responsible entity to provide that document 

		Calls for document having timing-related aspects such as “current” or “updated”		Evidence must include references to dates

		Is to verify something		Include the criteria for verification and the evidence to support that the verification was conducted 

		Is for verification to be executed on some periodic basis		Evidence must include references to dates

		Is to take an action		Include evidence that the action was performed 

		Is for action under specified conditions or with some specified frequency		Include evidence of the conditions under which the action was performed or a reference to the times when action took place, to support the frequency







Read these as “requirement calls for a document, such as a procedure, methodology or agreement, then the measure must require the responsible entity to provide that document.”



Fifth item (ACTION) such as perform maintenance, communicate information, provide data



Much more of this is in Section C: Measures of the Drafting Team Guidelines 
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Standard Development Timeline 

This section is maintained by the drafting team during the development of the standard and will 
be removed when the standard becomes effective.   
 
Description of Current Draft 
(DELETE GREEN TEXT PRIOR TO PUBLISHING) Describe the type of action associated with this 
posting, such as 30-day informal comment period, 45-day formal comment period with ballot, 
45-day formal comment period with additional ballot, final ballot. Note that “Anticipated 
Actions” once finished should move up to “Completed Actions” section for each new draft. 

 

Completed Actions Date 

Standards Committee approved Standard Authorization Request 
(SAR) for posting 

 

SAR posted for comment  

  

 

Anticipated Actions Date 

45-day formal comment period with ballot  

45-day formal comment period with additional ballot  

10-day final ballot  

NERC Board (Board) adoption  

  

Draft # of Standard 
Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft.  Page 1 of 10 
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New or Modified Term(s) Used in NERC Reliability Standards  

This section includes all new or modified terms used in the proposed standard that will be 
included in the Glossary of Terms Used in NERC Reliability Standards upon applicable regulatory 
approval. Terms used in the proposed standard that are already defined and are not being 
modified can be found in the Glossary of Terms Used in NERC Reliability Standards. The new or 
revised terms listed below will be presented for approval with the proposed standard. Upon 
Board adoption, this section will be removed.  

Term(s): 

Draft # of Standard 
Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft.  Page 2 of 10 
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When this standard receives Board adoption, the rationale boxes will be moved to the 
Supplemental Material Section of the standard. 
 
A. Introduction 

1. Title: Remedial Action Schemes  

2. Number: PRC-012-2 

3. Purpose: To ensure that all Remedial Action Schemes (RAS) are properly designed, 
meet performance requirements, and are coordinated with other protection systems.   

4. Applicability: 

4.1. Functional Entities: 

4.1.1. (Responsible Entity) 

4.1.2. (Responsible Entity) 

4.2. Facilities: 

4.2.1. (Subset of Facilities) 

4.2.2. (Subset of Facilities) 

4.3. Exemptions: 

4.3.1. (Subset of Facilities) (DELETE GREEN TEXT PRIOR TO PUBLISHING) 
Include this section only if there are certain facilities exempt from 
the standard. 

5. Effective Date: See Implementation Plan 

6. Standard-Only Definition: (DELETE GREEN TEXT PRIOR TO PUBLISHING) This section 
is to be used only for standards that currently have standard only definitions. Going 
forward a standard must provide a justification as to why the standard needs a 
standard-only definition and cannot be moved to the NERC Glossary of Terms. 

 
  

Draft # of Standard 
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B. Requirements and Measures 

Rationale for Requirement R1: Text 

 
R1. Each RAS entity Transmission Planner that is developing a new or modified RAS shall 

evaluate its effectiveness prior to implementation. The evaluation shall include, but is 
not limited to, studies and analyses that show: [Violation Risk Factor:] [Time Horizon:] 

1.1. The RAS resolves the identified issues. 

1.2. The RAS is integrated through coordination with generator voltage ride-through 
capabilities and other protection and control systems, including, but not limited 
to, transmission line protection, auto-reclosing, undervoltage-based load 
shedding programs, and other Remedial Action Schemes. 

 
1.3. Requirements to demonstrate that the RAS shall be designed so that a single RAS 

component failure, when the RAS was intended to operate, does not prevent the 
interconnected transmission system from meeting the performance requirements 
defined in Reliability Standards TPL-001-0, TPL-002-0, and TPL-003-0. 
 

1.4. The inadvertent operation of the RAS satisfies the same performance 
requirements (defined in NERC Reliability Standards TPL-001-4) as those required 
of the contingency for which it was designed.  Requirements to demonstrate that 
the inadvertent operation of a RAS shall meet the same performance requirement 
(TPL-001-0, TPL-002-0, and TPL-003-0) as that required of the contingency for 
which it was designed, and not exceed TPL-003-0. 

 

M1. Text 
 

Rationale for Requirement R2: Text 

 
R2. Each RAS entity that is developing a RAS shall evaluate its effectiveness and 

subsequently provide the RAS specifications and implementation schedule to the 
Planning Coordinator or Transmission Planner responsible for reviewing the RAS. The 
evaluation shall include, but is not limited to, studies and analyses that showext, text, 
text [Violation Risk Factor:] [Time Horizon: ] 

2.1. Text, text, text 

M2. Text 
 

Rationale for Requirement R3: Text 

 
R3. Text, text, text: [Violation Risk Factor:] [Time Horizon:] 

Draft # of Standard 
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• Choice one (DELETE GREEN TEXT PRIOR TO PUBLISHING) Note: bullets indicate 
an “or” 

• Choice two 

• Choice three 

M3. Text 

 
Rationale for Requirement R4: Text 

 

R4. Text, text, text [Violation Risk Factor:] [Time Horizon:] 

4.1. Text, text, text 

M4. Text 
 

Rationale for Requirement R5: Text 

 

R5. Text, text, text [Violation Risk Factor:] [Time Horizon:] 

5.1. Text, text, text 

M5. Text 

 
Rationale for Requirement R6: Text 

 

R6. Text, text, text [Violation Risk Factor:] [Time Horizon:] 

6.1. Text, text, text 

M6. Text 

 
Rationale for Requirement R7: Text 

 
R7. Text text, text [Violation Risk Factor:] [Time Horizon:] 

7.1. Text, text, text 

M7. Text 
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C. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority: 
As defined in the NERC Rules of Procedure, “Compliance Enforcement 
Authority” means NERC or the Regional Entity in their respective roles of 
monitoring and enforcing compliance with the NERC Reliability Standards. 

1.2. Evidence Retention: 
The following evidence retention period(s) identify the period of time an 
entity is required to retain specific evidence to demonstrate compliance. For 
instances where the evidence retention period specified below is shorter than 
the time since the last audit, the Compliance Enforcement Authority may ask 
an entity to provide other evidence to show that it was compliant for the full-
time period since the last audit. 

The applicable entity shall 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 applicable entity shall keep data or evidence to show compliance 
with requirements (DELETE GREEN TEXT PRIOR TO PUBLISHING) Add 
requirements as appropriate for this standard. This section is only for 
those requirements that do not have the default data retention. since 
the last audit. 

1.3. Compliance Monitoring and Enforcement Program 
As defined in the NERC Rules of Procedure, “Compliance Monitoring and 
Enforcement Program” refers to the identification of the processes that will 
be used to evaluate data or information for the purpose of assessing 
performance or outcomes with the associated Reliability Standard. 

Draft # of Standard 
Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft.  Page 6 of 10 



AAA-000-0 – Title of Standard 

Violation Severity Levels 

R # Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1.     

R2.     

R3.     

 

D. Regional Variances 

None. 

E. Associated Documents 

Link to the Implementation Plan and other important associated documents. (DELETE GREEN TEXT PRIOR TO PUBLISHING) A link 
should be added to the implementation plan and other important documents associated with the standard once 
finalized.  

 

Version History (DELETE GREEN TEXT PRIOR TO PUBLISHING) Note: All version histories’ content should be carried over to next 
generation. 

Version Date Action  Change Tracking  

  (DELETE GREEN TEXT PRIOR TO PUBLISHING) 
Project #: action completed 

(DELETE GREEN TEXT PRIOR TO 
PUBLISHING) New, Errata, Revisions, 
Addition, Interpretation, etc. 

    

Draft # of Standard 
Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft.      Page 7 of 10  



AAA-000-0 – Title of Standard 

Standard Attachments  
(DELETE GREEN TEXT PRIOR TO PUBLISHING) NOTE: Use this section for attachments or other 
documents (Interpretations, etc.) that are referenced in the standard as part of the 
requirements. These should appear after the end of the standard template and before the 
Supplemental Material. If there are none, delete this section.

Draft # of Standard 
Month XX, Year (DELETE GREEN TEXT PRIOR TO PUBLISHING) This should be the posting date of this draft.      Page 8 of 10
  



Supplemental Material 

[Title of document] 

(DELETE GREEN TEXT PRIOR TO PUBLISHING) Documents that should 
appear in this section are as follows: Application Guidelines, Guidelines and 
Technical Basis, Training Material, Reference Material and/or other 
Supplemental Material. The header should remain “Supplemental Material.” 
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Supplemental Material 

Rationale  
During development of this standard, text boxes were embedded within the standard to explain 
the rationale for various parts of the standard.  Upon BOT adoption, the text from the rationale 
text boxes was moved to this section. 
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Attachment 1 

Data Reporting Requirements 

The table, below, indicates the information that is required to effectively model the interconnected transmission system for the Near-Term 
Transmission Planning Horizon and Long-Term Transmission Planning Horizon. Data must be shareable on an interconnection-wide basis to 
support use in the Interconnection-wide cases. A Planning Coordinator may specify additional information that includes specific information 
required for each item in the table below. Each functional entity1 responsible for reporting the respective data in the table is identified by 
brackets “[functional entity]” adjacent to and following each data item. The data reported shall be as identified by the bus number, name, 
and/or identifier that is assigned in conjunction with the PC, TO, or TP. 

Attachment 1 documentation:  
- studies and analyses  
- classification  

 
R2. Each Transmission Planner or RAS-entity that is developing a new or modified Remedial Action Scheme (RAS) shall assess 
its effectiveness prior to implementation. The assessment shall include, but is not limited to, studies and analyses that show how:  

1.1. The RAS resolves the identified issues. 
1.2. The RAS is coordinated with other protection and control systems, including, but not limited to, transmission line 

protection, auto-reclosing, undervoltage‐based load shedding programs, and other RAS. 
1.3. The inadvertent operation of the RAS satisfies the same performance requirements as those for which it was designed. 

 

R3.  Each Transmission Planner or RAS-entity that is developing a new or modified Remedial Action Scheme (RAS) in 
Requirement R1shall demonstrate that the design meets the functional specifications.  

 

R4.  The Planning Coordinator and Reliability Coordinator that reviews the RAS must evaluate: 
1.4. The RAS resolves the identified issues. 
1.5. The RAS is coordinated with other protection and control systems, including, but not limited to, transmission line 

protection, auto-reclosing, undervoltage‐based load shedding programs, and other RAS. 
1.6. The inadvertent operation of the RAS satisfies the same performance requirements as those for which it was designed.   
1.7. RAS Review Checklist 

  
 



A significant impact on the BES is characterized by the following conditions:    
a. BES instability; 

• any instability that results in Cascading 
• any loss of synchronism of generators that extends to more than a single generating plant  

b. unacceptable BES dynamic response; 
• oscillations not damped within 30 seconds of the initiating event. 

c. BES voltage levels in violation of applicable emergency limits; 
d. Unacceptable BES voltage levels or Facility loadings that could result in Cascading; (power flows) loadings on BES transmission facilities 

in violation of (acceptable voltage limits) applicable emergency limits. 
 
RAS are categorized into four distinct types.  

Extreme Limited (EL) 
 

A scheme designed to limit the 
impact of two or more elements 
removed, an extreme event, or 

Cascading, where failure or 
inadvertent operation of the 

scheme can have only a limited 
impact on the BES. 

Extreme Significant (ES)  
 

A scheme designed to limit the impact 
of two or more elements removed, an 
extreme event, or Cascading, where 

failure or inadvertent operation of the 
scheme can have a significant impact on 

the BES. 

Planning Limited (PL)  
 

A scheme designed to meet system 
performance requirements identified in 
the NERC Reliability Standards, where 
failure or inadvertent operation of the 
scheme can have only a limited impact 

on the BES. 

Planning Significant (PS) 
 

A scheme designed to meet system 
performance requirements identified in 
the NERC Reliability Standards, where 
failure or inadvertent operation of the 

scheme can have a significant impact on 
the BES. 

 
No redundancy required  
 

No redundancy required  
 

No redundancy required  
 

Redundancy required  
 

 
 

  Sig  

    
    
    
    
    

 
 
 



 
Rationale & Measure 
 
Amos & Bobby 
 
 

R1. Each Transmission Planner or RAS-entity proposing a new or significantly modified RAS shall, prior to placing the 
new or modified RAS in-service:  
1.1. submit the data and supporting documentation identified in Attachment 1 for review to the (Reviewing 

Entity). 
1.2. provide a written response to comments received from the (Reviewing Entity) indicating: 

• what changes will be made to the RAS including updated data and supporting documentation, or 
• why changes will not be made to the RAS.   

 
Rationale 
 
Al & Davis 

 
  
R2. Each (Reviewing Entity) that receives a submittal for a new or significantly modified RAS must review the 

proposed RAS in accordance with Attachment 3 [and provide a status____ to the Transmission Planner or RAS-
entity] within 90 calendar days of receipt. 

 
Each Transmission Owner shall have an unaffiliated third party verify the risk assessment performed 
under Requirement R1. The verification may occur concurrent with or after the risk assessment 
performed under Requirement R1. [VRF: Medium; Time-Horizon: Long-term Planning] 

 
2.1. Each Transmission Owner shall select an unaffiliated verifying entity that is 
either:   
- A registered Planning Coordinator, Transmission Planner, or Reliability Coordinator; or   
- An entity that has transmission planning or analysis experience. 

 
2.2. The unaffiliated third party verification shall verify the Transmission Owner’s risk assessment 
performed under Requirement R1, which may include recommendations for the addition or deletion of a 
Transmission station(s) or Transmission substation(s). The Transmission Owner shall ensure the 
verification is completed within 90 calendar days following the completion of the Requirement R1 risk 
assessment. 

 
 
Rationale 
 
Hari & Sharma 

 
     

R3. Each Transmission Planner or RAS-entity shall perform an evaluation of each RAS at least once every 60 calendar 
months. Each evaluation shall include, but is not limited to, studies and analyses that evaluate whether:  

3.1. The RAS resolves the identified issues. 
3.2. The RAS is coordinated with other protection and control systems, including, but not limited to, 

transmission line protection, auto-reclosing, undervoltage-based load shedding programs, and other 
RAS. 



3.3. The inadvertent operation of the RAS satisfies the same performance requirements as those for 
which it was designed.  

 
Rationale 
 
Gene & Jonathan 
 
 
 

R4. Each Transmission Planner or RAS-entity that identifies deficiencies in its RAS during an evaluation performed 
pursuant to Requirement R3 shall develop a Corrective Action Plan and any updated RAS data and supporting 
documentation to address the deficiencies and subsequently provide the Corrective Action Plan to a Reviewing 
Entity pursuant to Requirement R1.   

 
 
 

 
Rationale 
 
Hari & Charles 
 
 

R5. Each RAS-entity shall provide data (Attachment 2) to its Planning Coordinator according to the schedule specified 
by the Planning Coordinator to support maintenance of the RAS database. 

 
 

Rationale 
 
Al & Gene 
 
 
 

R6. Each Planning Coordinator shall update a database containing information (Attachment 2) that describes the 
design objectives and operation of the RAS in its area at least once each calendar year.  

 

Rationale 
 

Charles & Amos 
 

R7. Each RAS-entity shall provide other functional (registered) entities with a reliability need, sufficient information 
to model RAS operation, within 30 calendar days of a written request. 

 
 

Rationale 
 

Davis & Rob 
 



R8. Each Planning Coordinator shall make available the RAS database for its planning area to the Electric Reliability 
Organization (ERO) or its designee to maintain Interconnection-wide RAS database(s). 

 



A detailed explanation of the proposed definition and its elements along with a summary 

of the changes in the Proposed Reliability Standards is included below.    

1. Definition of Remedial Action Scheme  
 

a) “Core” Definition with Objectives 
 

A scheme designed to detect predetermined System conditions and 
automatically take corrective actions that may include, but are not 
limited to, adjusting or tripping generation (MW and Mvar), tripping 
load, or reconfiguring a System(s). RAS accomplish objectives such 
as:  

• Meet requirements identified in the NERC Reliability Standards;  

• Maintain Bulk Electric System (BES) stability;  

• Maintain acceptable BES voltages;  

• Maintain acceptable BES power flows;  

• Limit the impact of Cascading or extreme events.  
    

The revised definition of Remedial Action Scheme addresses ambiguities within the existing 

definition and provides clarity to promote consistency in the application of the standards by the 

responsible entities and the auditing of the standards by compliance staff.    

1. Why did we opt for a definition that starts broadly, then applies objectives, and then 

processes exlcusions to arrive at a set vs. just a straight definition that is targeted more 

directly? Could miss schemes if too narrow. 

2. Explain the core first sentence and why we gave the examples we did (tripping gen, load, 

etc. – are these fairly exhaustive of the type of corrective actions a RAS takes? Added the 

objectives to add clarity.  

3. Explain why we selected those four objectives and didn’t limit it to a set list – we’ll need 

to shore up why leaving it open ended doesn’t create any ambiguity….this may be as 

simple as explaining that based on particular System needs and configurations, there may 

be other reasons….but we kept the ones common to all or something… 



4. If an entity applies the core, and my scheme is “detect predetermined System conditions 

and automatically take corrective actions” and it doesn’t fall into the examples listed and it 

meets an objective different than our examples, is there still room to have things fall into the 

RAS definition?  Or does the more exhaustive exclusion list guard against that result? 

b) Exclusions 
 

The proposed “core” definition is broad enough to include the variety of System 

conditions monitored and corrective actions taken by Remedial Action Schemes.  However, 

NERC proposes an exclusion list as an addition to the Remedial Action Scheme definition to 

assure that commonly applied protection and control systems are not unintentionally included as 

Remedial Action Schemes.  Without these exclusions, equipment and schemes that should not be 

considered a Remedial Action Scheme could be subject to the requirements of the Remedial 

Action Scheme-related NERC Reliability Standards.  [WE1]Each of the exclusions contains a 

scenario that does not individually constitute a Remedial Action Scheme.  [Provide discussion 

here on how this list was arrived at or derived and how the team decided when a topic warranted 

an exclusion and when it was determined to include something in guidelines or leave out.  State 

which ones carried over from the prior definition – did we source the rest from the SPCS report 

largely, add some of our own, or pull them from regional documents?]  The language of each 

exclusion is provided for ease of reference.  

a. Protection Systems installed for the purpose of detecting faults 
on BES Elements and isolating the faulted Elements 

 
The standard drafting team has maintained this exclusion in the proposed definition as it 

is consistent with industry practice.  The existing definition of SPS/RAS excludes the isolation of 
faulted components because that is a protective function.   
However, protective functions should not, taken alone, be considered a Remedial Action Scheme 
because the protective function exists in order to protect a single or individual piece of 
equipment from damage; whereas a protective scheme …]  



Individually, the focus of the protective function is on the Element that it is designed to protect; 
whereas, a RAS focuses on mitigating unacceptable impacts on the System resulting from the 
predetermined conditions for which the RAS was designed.   
 
Protection function – isolate the equipment that has the fault 
RAS does not exist solely for the purpose of addressing the localized area where the fault is 
occurring;  …  
 

 For the remaining Protection Systems installed for the purpose of detecting Faults 

on non‐BES Elements, the standard drafting team explains that these are not RAS[WE2], and are 

not subject to NERC Reliability Standards[WE3].  

b.  Schemes for automatic underfrequency load shedding (UFLS) 
and automatic undervoltage load shedding (UVLS) comprised 
of only distributed relays 

 

  The standard drafting team also carried forward the exclusion of underfrequency load 

shedding (“UFLS”) and undervoltage load shedding (“UVLS”) found in the definition of Special 

Protection System as consistent with industry practice[WE4].  UFLS and UVLS are excluded 

because they are protective functions [WE5]that have unique design and implementation 

considerations covered by NERC Reliability Standards PRC‐006‐1 and PRC‐010‐1.  The 

proposed exclusion language emphasizes “distributed relays” to convey that the exclusion covers 

“UVLS Programs.”  This term is proposed for approval in NERC’s petition for approval of 

proposed Reliability Standard PRC-010-1.  The proposed definition of “UVLS Program” is “[a]n 

automatic load shedding program, consisting of distributed relays and controls, used to mitigate 

undervoltage conditions impacting the Bulk Electric System (BES), leading to voltage 

instability, voltage collapse, or Cascading.  Centrally controlled undervoltage‐based load 

shedding is not included.”  By excluding distributed UVLS relays in the definition of Remedial 

Action Scheme and because the proposed UVLS Program definition specifically excludes 

centrally controlled undervoltage‐based load shedding, these centrally controlled undervoltage‐



based load shedding schemes are classified as a Remedial Action Scheme via the “core” 

definition.  [need to parse this out…technically, excluding it from UVLS and then excluding 

distributed UVLS relays leaves centrally controlled unplaced until we make the last connection 

to the core definition and how it meets it.] 

Centrally controlled scheme allows for a wide-area view.  The characteristics of a centrally-
controlled system make it susceptible to a single point of failure if not properly designed and 
maintained.  Whereas, the UVLS/UFLS programs by their distributed nature have 
significant/inherent redundancy.    
 
While both RAS and UVLS programs can be designed to target severe events, a RAS can be 
more selective in its action.  
 
A UVLS program scheme: simple in that it is based upon individually acting undervoltage 
relays; take local sensing and take local action.    
Design for a RAS can be: extremely complex; have greatly varying inputs; output can result in 
actions anywhere on the System to mitigate the adverse conditions  
  
 
As a result, centrally controlled undervoltage‐based load shedding is classified as a Remedial 

Action Scheme.  Both standard drafting teams for the respective projects developing the 

proposed definitions agreed that the design and characteristics of centrally controlled 

undervoltage-based load shedding are appropriately categorized as Remedial Action Scheme.   

c. Out-of-step tripping [WE6]and power swing blocking 

The e[WE7]xisting definition of SPS/RAS excludes out‐of-step relaying because it is a 

protective function[WE8].  The standard drafting team maintained the exclusion for the same 

reasons, but changed the wording from “out‐of‐step relaying” to “out‐of‐step tripping and power 

swing blocking” to reflect current industry terminology. 

What is it used for/purpose statement:   
- out of step tripping is used for controlled system islanding during severe System 

disturbances resulting in power swings;  
- or to isolate generators that have lost synchronization with System to prevent significant 

damage; and, 



- out of step blocking used to prevent unwanted tripping of phased protection relay 
Elements during either stable or unstable power system swings.   

 

d. Automatic reclosing schemes 

Automatic reclosing schemes, whether single‐pole or three‐pole, are used to minimize 

system impacts and restoration efforts [WE9]by System Operators.  Automatic reclosing, in itself, 

is not a Remedial Action Scheme; however, if integrated into a larger scheme that performs 

additional corrective actions to accomplish the objective(s) listed in the Remedial Action Scheme 

definition, then it would fall within the definition of Remedial Action Scheme.  For example, a 

scheme that rejects or runs back generation to avoid instability or thermal overloads in addition 

to initiating automatic reclosing would constitute a Remedial Action Scheme.  The standard 

drafting team contends that auto‐sectionalizing for restoration following a Fault would typically 

fall under exclusion (d) automatic reclosing schemes.  Automatic reclosing schemes that restore 

load to an alternate source would typically not be a Remedial Action Scheme; however, system 

reconfiguration which transfers the load to another source for purposes other than load 

restoration typically would be a Remedial Action Scheme. 

Yes, used to minimize system impact and the resulting restoration efforts.   
Also, the purpose of using auto reclosing in addition to minimizing efforts of operator is to 
improve the security of the System by minimizing the outage time on the Elements.   
For example, [Bill, I hope you are writing down these examples ]  
 

e. Schemes applied on an Element for non-Fault conditions, such 
as, but not limited to, generator loss-of-field, transformer top-
oil temperature, overvoltage, or overload to protect the Element 
against damage by removing it from service 

 
Sch[WE10]emes applied on a single element to protect it from damage from non-Fault 

conditions perform protective functions and are not Remedial Action Schemes.  Examples of 

these types of schemes are reverse power, volts/hertz, winding temperature, and loss of cooling.   



[Bill, rationale here is similar to that of (a)] – focus on protecting the equipment  

f. Controllers that switch or regulate one or more of the following: 
series or shunt reactive devices, flexible alternating current 
transmission system (FACTS) devices, phase-shifting 
transformers, variable-frequency transformers, or tap-changing 
transformers; and, that are located at and monitor quantities 
solely at the same station as the Element being switched or 
regulated 
 

 Consistent[WE11] with industry practice, controllers that switch or regulate certain devices 

do not qualify as a Remedial Action Scheme, and these schemes are proposed as an explicit 

exclusion to the definition of Remedial Action Scheme. 

- Addressing control systems that are somewhat analogous to (e) … 
- for the most part, actions tend to be fine-tuning;   
- looks at local conditions and takes local action  
- varying output of a piece of equipment to maintain a desired condition;  varying type of 

thing (up/down/up, etc);  standing alone, does not exist to preserve the system;  more of 
local control and monitoring;   

- side note:  these are not covered by other Reliability Standards …  
 
 

g. FACTS controllers that remotely switch static shunt reactive 
devices located at other stations to regulate the output of a 
single FACTS device 

 

 The purpose of such controllers is to switch shunt devices to restore an acceptable 

operating range of a single FACTS device.  Exclusions (f) and (g) are complementary in that (f) 

provides a broad exception for local controls at the same station while (g) provides a specific 

exclusion for FACTS control of shunt devices at one or more other stations.  The standard 

drafting team included this exclusion consistent with industry practice[WE12]. 

Grouping F and G (one or more stations) together – “control” group     

h. Schemes or controllers that remotely switch shunt reactors and shunt 
capacitors for voltage regulation that would otherwise be manually switched 
 



 Schemes or controllers that assist a System Operator in coordinating the switching of 

shunt reactors and shunt capacitors that would otherwise be manually switched are not remedial 

in the sense of being mitigations in response to predetermined System conditions, but are for 

general application to all System conditions, e.g. optimizing voltage profiles or minimizing 

losses.  The standard drafting team included this exclusion consistent with industry practice.   

Consider including this with the “control” group 

i. Schemes that automatically de-energize a line for a non-Fault operation when 
one end of the line is open 
 

 When one end of a line is open, unacceptable voltage levels can occur. Opening the 

remote terminal(s) to de‐energize the transmission line removes this voltage rise. Alternatively, 

restoration conditions may require energization or synchronizing at a specific terminal.  These 

schemes have not historically been regarded as Remedial Action Scheme, and the standard 

drafting team included this exclusion consistent with industry practice[WE13].  

Somewhat similar to (e) philosophy  

j. Schemes that provide anti-islanding protection (e.g., protect load from effects 
of being isolated with generation that may not be capable of maintaining 
acceptable frequency and voltage) 
 

 These schemes are designed to protect load in an electrical island that might otherwise 

operate at an off-nominal frequency or voltage, or facilitate restoration.  Actions taken on 

islanded facilities will not impact the interconnected Bulk Electric System because the facilities 

are isolated.  The standard drafting team included this exclusion consistent with industry 

practice. 

k. Automatic sequences that proceed when manually initiated solely by a System 
Operator   
 



Automated sequences created to simplify the actions of a System Operator are not a 

Remedial Action Scheme because the decision to activate a specific sequence is left to the 

System Operator.  If the automated sequence fails to execute correctly, the System Operator has 

the option to manually set those actions in motion.  The standard drafting team included this 

exclusion consistent with industry practice.  The arming of a Remedial Action Scheme by a 

System Operator is not the same as manual initiation of an automatic sequence.  Arming enables 

the scheme, but the Remedial Action Scheme must still detect the critical conditions it was 

designed to mitigate and then take action.  

l. Modulation of HVdc or FACTS via supplementary controls such as angle 
damping or frequency damping applied to damp local or inter-area 
oscillations 
 

Modulation of HVdc and FACTS via supplementary controls is occasionally used for 

damping local or inter-area oscillations.  It is similar in function to a Power System Stabilizer, 

which is a component of excitation controls in a generating unit.  Power System StabilizerS are 

also not classified as Remedial Action Schemes.  The standard drafting team included these 

HVdc and FACTS exclusions consistent with industry practice. 

(follow approach from (n)) 

m. Sub-synchronous resonance (SSR) protection schemes that directly detect sub-
synchronous quantities (e.g., currents or torsional oscillations) 
 

 Historically, SSR protection schemes that directly detect sub‐synchronous quantities and 

the related mitigation are not RAS.  The SDT accepts this exclusion consistent with industry 

practice.  However, SSR protection schemes installed to detect distinct System configurations 

and loading conditions (that studies have shown may make a generator vulnerable to SSR), and 

take action to trip the generator or bypass the series capacitor, are classified as RAS.  

Why activity is not a RAS?  Because it is addressing a local area issue and mitigating the issue;   



2 ways to detect issue:  at generator or at the seires capacitor by detercting sub snyc components 

of what is happening…so, both of these are local in nature.  Generator will have a  

n. Generator controls such as, but not limited to, automatic generation control 
(AGC), generation excitation (e.g. automatic voltage regulation (AVR) and 
power system stabilizers (PSS)], fast valving, and speed governing 
 

These traditional generator and turbine controls are not Remedial Action Schemes.  The 

standard drafting team included this exclusion consistent with industry practice. 

[group (l) and (n) together – part of the “controls” group]  
Bill:  Split AGC and the others  
Rationale for exclusion:  Local monitoring and local control of a specific generator is true for 
all except for the AGC   
AGC:  not for system preservation, more so for continuous fine-tuning of frequency and to 
provide balance for load/generation under normal conditions.   
 



Attachment 1 

Data Reporting Requirements 

The table, below, indicates the information that is required to effectively model the interconnected transmission system for the 
Near-Term Transmission Planning Horizon and Long-Term Transmission Planning Horizon. Data must be shareable on an 
interconnection-wide basis to support use in the Interconnection-wide cases. A Planning Coordinator may specify additional 
information that includes specific information required for each item in the table below. Each functional entity1 responsible for 
reporting the respective data in the table is identified by brackets “[functional entity]” adjacent to and following each data item. The 
data reported shall be as identified by the bus number, name, and/or identifier that is assigned in conjunction with the PC, TO, or TP. 

Attachment 1 documentation:  
- studies and analyses  
- classification  

 
R2. Each Transmission Planner or RAS-entity that is developing a new or modified Remedial Action Scheme (RAS) shall assess its 
effectiveness prior to implementation. The assessment shall include, but is not limited to, studies and analyses that show how:  

1.1. The RAS resolves the identified issues. 
1.2. The RAS is coordinated with other protection and control systems, including, but not limited to, transmission line 

protection, auto-reclosing, undervoltage-based load shedding programs, and other RAS. 
1.3. The inadvertent operation of the RAS satisfies the same performance requirements as those for which it was 

designed. 
 

R3.  Each Transmission Planner or RAS-entity that is developing a new or modified Remedial Action Scheme (RAS) in 
Requirement R1shall demonstrate that the design meets the functional specifications.  

 

R4.  The Planning Coordinator and Reliability Coordinator that reviews the RAS must evaluate: 
1.4. The RAS resolves the identified issues. 
1.5. The RAS is coordinated with other protection and control systems, including, but not limited to, transmission line 

protection, auto-reclosing, undervoltage-based load shedding programs, and other RAS. 



1.6. The inadvertent operation of the RAS satisfies the same performance requirements as those for which it was 
designed.   

1.7. RAS Review Checklist 
  
 

A significant impact on the BES is characterized by the following conditions:    
a. BES instability; 

• any instability that results in Cascading 
• any loss of synchronism of generators that extends to more than a single generating plant  

b. unacceptable BES dynamic response; 
• oscillations not damped within 30 seconds of the initiating event. 

c. BES voltage levels in violation of applicable emergency limits; 
d. Unacceptable BES voltage levels or Facility loadings that could result in Cascading; (power flows) loadings on BES 

transmission facilities in violation of (acceptable voltage limits) applicable emergency limits. 
 
RAS are categorized into four distinct types.  

Extreme Limited (EL) 
 

A scheme designed to limit the 
impact of two or more 
elements removed, an 

extreme event, or Cascading, 
where failure or inadvertent 
operation of the scheme can 
have only a limited impact on 

the BES. 

Extreme Significant (ES)  
 

A scheme designed to limit the 
impact of two or more elements 
removed, an extreme event, or 

Cascading, where failure or 
inadvertent operation of the scheme 
can have a significant impact on the 

BES. 

Planning Limited (PL)  
 

A scheme designed to meet system 
performance requirements identified 

in the NERC Reliability Standards, 
where failure or inadvertent 

operation of the scheme can have 
only a limited impact on the BES. 

Planning Significant (PS) 
 

A scheme designed to meet system 
performance requirements identified 

in the NERC Reliability Standards, 
where failure or inadvertent 

operation of the scheme can have a 
significant impact on the BES. 

 

No redundancy required  
 

No redundancy required  
 

No redundancy required  
 

Redundancy required  
 

 
 

  Sig  



    
    
    
    
    

 
  

  



 

Attachment 2 
Database Information 

 
1. RAS name 
2. RAS owner and contact information  
3. Name and contact information for the individual with sufficient detail necessary to model the RAS 
4. Expected in-service date; most recent review date; 5-year comprehensive evaluation date; and, to the extent applicable, date 

of retirement 
5. RAS classification (as identified in Attachment 1) 
6. Description of the contingencies or System conditions for which the RAS was designed  
7. Information on parameters that control operation of the RAS 
8. System performance issue necessitating the RAS (e.g., thermal overload, angular instability, poor oscillation damping, voltage 

instability, under-/over-voltage, slow voltage recovery) 
9. Corrective action taken by the RAS 

 
 
  



Open items:  
1. Definition of “Significant modification” [Rob and Gene] 

a. Note:  consider “functionally modified” …see (Planning Standards III.f.4)  
 

2. Definition of “RAS-entity” [Rob and Gene] 
 
3. For “Reviewing Entity,” specify what expertise, skills, qualifications are needed?   [Rob and Gene] 

a. For example:  if TP and PC is same entity, how would this work?  What is proposed approach to address 
overlap/conflict?   

b. How can we involve the regions to some degree, if at all?   
c. Planning functions, operating functions, protection  

 
4. FAQ document [Consider timing of when to release this; after 1st posting/comment] 

a. Address and explain areas where differ from recommendations of white paper  
b. Why the regions were not included as part of the review process  
c. Why approval not required  
d. Reason for not prescribing continent-wide review body   
e. Description of redundancy (minimum requirement for redundancy; see NPCC document)  

 
5. Classification issue – need to further develop/explain redundancy-related issues; consider extracting info from white paper.   

 
 



CIP-014-1 — Physical Security  

Standard Development Timeline 

  
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. Nominations for the Standard Drafting Team (SDT) for Project 2014-04 Physical Security 

were solicited March 13-18, 2014, and the SDT was appointed by the Standards 
Committee on March 21, 2014. 

2. Technical Conference was held April 1, 2014. 

3. The draft standard was posted, pursuant to a Standards Committee authorized waiver, 
for a 15-day Formal Comment Period with a 5-day Initial Ballot April 10-24, 2014. 

Description of Current Draft 
This is the second draft of the proposed Reliability Standard, and it is being posted for final 
ballot. This draft includes proposed requirements to meet the directives issued in the FERC 
order issued March 7, 2014, in Docket No. RD14-6-000, Reliability Standards for Physical 
Security Measures, 146 FERC ¶ 61,166 (2014). 

 

Anticipated Actions Anticipated Date 

5-day Final Ballot, pursuant to a Standards Committee authorized 
waiver. 

May 1, 2014 

BOT Adoption. May 2014 

File with applicable Regulatory Authorities. No later than June 5, 
2014 
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Version History 
 

Version Date Action Change Tracking 

1.0 TBD Effective Date New 
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Definitions of Terms Used in Standard 

This section includes all newly defined or revised terms used in the proposed standard. Terms 
already defined in the NERC Glossary of Terms used in Reliability Standards (Glossary) are not 
repeated here. New or revised definitions listed below become approved when the proposed 
standard is approved. When the standard becomes effective, these defined terms will be 
removed from the individual standard and added to the Glossary.  

 

None 
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A. Introduction 

1. Title:  Physical Security 

2. Number: CIP-014-1 

3.       Purpose: To identify and protect Transmission stations and Transmission 
substations, and their associated primary control centers, that if 
rendered inoperable or damaged as a result of a physical attack could 
result in widespread instability, uncontrolled separation, or Cascading 
within an Interconnection.  

4. Applicability: 

4.1. Functional Entities: 

4.1.1 Transmission Owner that owns a Transmission station or Transmission 
substation that meets any of the following criteria: 

4.1.1.1 Transmission Facilities operated at 500 kV or higher. For the purpose 
of this criterion, the collector bus for a generation plant is not 
considered a Transmission Facility, but is part of the generation 
interconnection Facility. 

4.1.1.2 Transmission Facilities that are operating between 200 kV and 499 kV 
at a single station or substation, where the station or substation is 
connected at 200 kV or higher voltages to three or more other 
Transmission stations or substations and has an "aggregate weighted 
value" exceeding 3000 according to the table below. The "aggregate 
weighted value" for a single station or substation is determined by 
summing the "weight value per line" shown in the table below for 
each incoming and each outgoing BES Transmission Line that is 
connected to another Transmission station or substation. For the 
purpose of this criterion, the collector bus for a generation plant is 
not considered a Transmission Facility, but is part of the generation 
interconnection Facility. 

 

 

 

 

 

 

 

4.1.1.3 Transmission Facilities at a single station or substation location that 
are identified by its Reliability Coordinator, Planning Coordinator, or 

Voltage Value of a Line Weight Value per Line 

less than 200 kV (not 
applicable) 

(not applicable) 

200 kV to 299 kV 700 

300 kV to 499 kV 1300 

500 kV and above 0 
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Transmission Planner as critical to the derivation of Interconnection 
Reliability Operating Limits (IROLs) and their associated 
contingencies. 

4.1.1.4 Transmission Facilities identified as essential to meeting Nuclear Plant 
Interface Requirements.  

4.1.2 Transmission Operator. 
 

Exemption: Facilities in a “protected area,” as defined in 10 C.F.R. § 73.2, within 
the scope of a security plan approved or accepted by the Nuclear Regulatory 
Commission are not subject to this Standard; or, Facilities within the scope of a 
security plan approved or accepted by the Canadian Nuclear Safety Commission 
are not subject to this Standard. 

 

5.      Effective Dates: 

CIP-014-1 is effective the first day of the first calendar quarter that is six months 
beyond the date that this standard is approved by applicable regulatory authorities, or 
as otherwise provided for in a jurisdiction where approval by an applicable 
governmental authority is required for a standard to go into effect. In those 
jurisdictions where regulatory approval is not required, CIP-014-1 shall become 
effective on the first day of the first calendar quarter that is six months beyond the 
date this standard is approved by the NERC Board of Trustees, or as otherwise made 
effective pursuant to the laws applicable to such ERO governmental authorities. 

6.       Background: 

This Reliability Standard addresses the directives from the FERC order issued March 7, 
2014, Reliability Standards for Physical Security Measures, 146 FERC ¶ 61,166 (2014), 
which required NERC to develop a physical security reliability standard(s) to identify 
and protect facilities that if rendered inoperable or damaged could result in 
widespread instability, uncontrolled separation, or Cascading within an 
Interconnection. 
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B. Requirements and Measures 

R1. Each Transmission Owner shall perform an initial risk assessment and subsequent risk 
assessments of its Transmission stations and Transmission substations (existing and 
planned to be in service within 24 months) that meet the criteria specified in 
Applicability Section 4.1.1. The initial and subsequent risk assessments shall consist of 
a transmission analysis or transmission analyses designed to identify the Transmission 
station(s) and Transmission substation(s) that if rendered inoperable or damaged 
could result in widespread instability, uncontrolled separation, or Cascading within an 
Interconnection. [VRF: High; Time-Horizon: Long-term Planning]  

1.1. Subsequent risk assessments shall be performed: 

• At least once every 30 calendar months for a Transmission Owner that has 
identified in its previous risk assessment (as verified according to 
Requirement R2) one or more Transmission stations or Transmission 
substations that if rendered inoperable or damaged could result in 
widespread instability, uncontrolled separation, or Cascading within an 
Interconnection; or  

• At least once every 60 calendar months for a Transmission Owner that has not 
identified in its previous risk assessment (as verified according to 
Requirement R2) any Transmission stations or Transmission substations that if 
rendered inoperable or damaged could result in widespread instability, 
uncontrolled separation, or Cascading within an Interconnection.   

1.2. The Transmission Owner shall identify the primary control center that 
operationally controls each Transmission station or Transmission substation 
identified in the Requirement R1 risk assessment.  

M1.    Examples of acceptable evidence may include, but are not limited to, dated written or 
electronic documentation of the risk assessment of its Transmission stations and 
Transmission substations (existing and planned to be in service within 24 months) that 
meet the criteria in Applicability Section 4.1.1 as specified in Requirement R1. 
Additionally, examples of acceptable evidence may include, but are not limited to, 
dated written or electronic documentation of the identification of the primary control 
center that operationally controls each Transmission station or Transmission 
substation identified in the Requirement R1 risk assessment as specified in 
Requirement R1, Part 1.2.    

 

Rationale for Requirement R1:  

This requirement meets the FERC directive from paragraph 6 in the order on 
physical security to perform a risk assessment to identify which facilities if rendered 
inoperable or damaged could impact an Interconnection through widespread 
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instability, uncontrolled separation, or cascading failures. It also meets the portion 
of the directive from paragraph 11 for periodic reevaluation by requiring the risk 
assessment to be performed every 30 months (or 60 months for an entity that has 
not identified in a previous risk assessment any Transmission stations or 
Transmission substations that if rendered inoperable or damaged could result in 
widespread instability, uncontrolled separation, or Cascading within an 
Interconnection). 

After identifying each Transmission station and Transmission substation that meets 
the criteria in Requirement R1, it is important to additionally identify the primary 
control center that operationally controls that Transmission station or Transmission 
substation (i.e., the control center whose electronic actions can cause direct 
physical actions at the identified Transmission station and Transmission substation, 
such as opening a breaker, compared to a control center that only has the ability to 
monitor the Transmission station and Transmission substation and, therefore, must 
coordinate direct physical action through another entity). 

R2. Each Transmission Owner shall have an unaffiliated third party verify the risk 
assessment performed under Requirement R1. The verification may occur concurrent 
with or after the risk assessment performed under Requirement R1. [VRF: Medium; 
Time-Horizon: Long-term Planning] 

2.1. Each Transmission Owner shall select an unaffiliated verifying entity that is 
either: 

• A registered Planning Coordinator, Transmission Planner, or Reliability 
Coordinator; or 

• An entity that has transmission planning or analysis experience. 

2.2. The unaffiliated third party verification shall verify the Transmission Owner’s risk 
assessment performed under Requirement R1, which may include 
recommendations for the addition or deletion of a Transmission station(s) or 
Transmission substation(s).  The Transmission Owner shall ensure the 
verification is completed within 90 calendar days following the completion of the 
Requirement R1 risk assessment. 

2.3. If the unaffiliated verifying entity recommends that the Transmission Owner add 
a Transmission station(s) or Transmission substation(s) to, or remove a 
Transmission station(s) or Transmission substation(s) from, its identification 
under Requirement R1, the Transmission Owner shall either, within 60 calendar 
days of completion of the verification, for each recommended addition or 
removal of a Transmission station or Transmission substation: 

• Modify its identification under Requirement R1 consistent with the 
recommendation; or 
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• Document the technical basis for not modifying the identification in 
accordance with the recommendation.  

2.4. Each Transmission Owner shall implement procedures, such as the use of non-
disclosure agreements, for protecting sensitive or confidential information made 
available to the unaffiliated third party verifier and to protect or exempt 
sensitive or confidential information developed pursuant to this Reliability 
Standard from public disclosure. 

M2.   Examples of acceptable evidence may include, but are not limited to, dated written or 
electronic documentation that the Transmission Owner completed an unaffiliated 
third party verification of the Requirement R1 risk assessment and satisfied all of the 
applicable provisions of Requirement R2, including, if applicable, documenting the 
technical basis for not modifying the Requirement R1 identification as specified under 
Part 2.3. Additionally, examples of evidence may include, but are not limited to, 
written or electronic documentation of procedures to protect information under Part 
2.4. 

 

Rationale for Requirement R2:  

This requirement meets the FERC directive from paragraph 11 in the order on 
physical security requiring verification by an entity other than the owner or 
operator of the risk assessment performed under Requirement R1.   

This requirement provides the flexibility for a Transmission Owner to select 
registered and non-registered entities with transmission planning or analysis 
experience to perform the verification of the Requirement R1 risk assessment. The 
term “unaffiliated” means that the selected verifying entity cannot be a corporate 
affiliate (i.e., the verifying entity cannot be an entity that controls, is controlled by, 
or is under common control with, the Transmission owner).  The verifying entity 
also cannot be a division of the Transmission Owner that operates as a functional 
unit.   The term “unaffiliated” is not intended to prohibit a governmental entity 
from using another government entity to be a verifier under Requirement R2.  

Requirement R2 also provides the Transmission Owner the flexibility to work with 
the verifying entity throughout the Requirement R1 risk assessment, which for 
some Transmission Owners may be more efficient and effective. In other words, a 
Transmission Owner could coordinate with their unaffiliated verifying entity to 
perform a Requirement R1 risk assessment to satisfy both Requirement R1 and 
Requirement R2 concurrently.  

Planning Coordinator is a functional entity listed in Part 2.1.  The Planning 
Coordinator and Planning Authority are the same entity as shown in the NERC 
Glossary of Terms Used in NERC Reliability Standards. 
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R3. For a primary control center(s) identified by the Transmission Owner according to 
Requirement R1, Part 1.2 that a) operationally controls an identified Transmission 
station or Transmission substation verified according to Requirement R2, and b) is not 
under the operational control of the Transmission Owner: the Transmission Owner 
shall, within seven calendar days following completion of Requirement R2, notify the 
Transmission Operator that has operational control of the primary control center of 
such identification and the date of completion of Requirement R2. [VRF: Lower; Time-
Horizon: Long-term Planning] 

3.1. If a Transmission station or Transmission substation previously identified under 
Requirement R1 and verified according to Requirement R2 is removed from the 
identification during a subsequent risk assessment performed according to 
Requirement R1 or a verification according to Requirement R2, then the 
Transmission Owner shall, within seven calendar days following the verification 
or the subsequent risk assessment, notify the Transmission Operator that has 
operational control of the primary control center of the removal. 

M3.   Examples of acceptable evidence may include, but are not limited to, dated written or 
electronic notifications or communications that the Transmission Owner notified each 
Transmission Operator, as applicable, according to Requirement R3.  

Rationale for Requirement R3: 

Some Transmission Operators will have obligations under this standard for certain 
primary control centers. Those obligations, however, are contingent upon a 
Transmission Owner first identifying which Transmission stations and Transmission 
substations meet the criteria specified by Requirement R1, as verified according to 
Requirement R2. This requirement is intended to ensure that a Transmission 
Operator that has operational control of a primary control center identified in 
Requirement R1, Part 1.2 of a Transmission station or Transmission substation 
verified according to Requirement R2 receives notice of such identification so that 
the Transmission Operator may timely fulfill its resulting obligations under 
Requirements R4 through R6.  Since the timing obligations in Requirements R4 
through R6 are based upon completion of Requirement R2, the Transmission Owner 
must also include notice of the date of completion of Requirement R2. Similarly, the 
Transmission Owner must notify the Transmission Operator of any removals from 
identification that result from a subsequent risk assessment under Requirement R1 
or the verification process under Requirement R2.  

 

R4. Each Transmission Owner that  identified a Transmission station, Transmission 
substation, or a primary control center  in Requirement R1 and verified according to 
Requirement R2, and each Transmission Operator notified by a Transmission Owner 
according to Requirement R3, shall conduct an evaluation of the potential threats and 
vulnerabilities of a physical attack to each of their respective Transmission station(s), 
Transmission substation(s), and primary control center(s) identified in Requirement 
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R1 and verified according to Requirement R2. The evaluation shall consider the 
following: [VRF: Medium; Time-Horizon: Operations Planning, Long-term Planning]   

4.1. Unique characteristics of the identified and verified Transmission station(s), 
Transmission substation(s), and primary control center(s); 

4.2. Prior history of attack on similar facilities taking into account the frequency, 
geographic proximity, and severity of past physical security related events; and  

4.3. Intelligence or threat warnings received from sources such as law enforcement, 
the Electric Reliability Organization (ERO), the Electricity Sector Information 
Sharing and Analysis Center (ES-ISAC), U.S. federal and/or Canadian 
governmental agencies, or their successors. 

M4.   Examples of evidence may include, but are not limited to, dated written or electronic 
documentation that the Transmission Owner or Transmission Operator conducted an 
evaluation of the potential threats and vulnerabilities of a physical attack to their 
respective Transmission station(s), Transmission substation(s) and primary control 
center(s) as specified in Requirement R4.  

 

Rationale for Requirement R4: 

This requirement meets the FERC directive from paragraph 8 in the order on 
physical security that the reliability standard must require tailored evaluation of 
potential threats and vulnerabilities to facilities identified in Requirement R1 and 
verified according to Requirement R2. Threats and vulnerabilities may vary from 
facility to facility based on factors such as the facility’s location, size, function, 
existing protections, and attractiveness of the target. As such, the requirement does 
not mandate a one-size-fits-all approach but requires entities to account for the 
unique characteristics of their facilities. 

Requirement R4 does not explicitly state when the evaluation of threats and 
vulnerabilities must occur or be completed. However, Requirement R5 requires that 
the entity’s security plan(s), which is dependent on the Requirement R4 evaluation, 
must be completed within 120 calendar days following completion of Requirement 
R2. Thus, an entity has the flexibility when to complete the Requirement R4 
evaluation, provided that it is completed in time to comply with the requirement in 
Requirement R5 to develop a physical security plan 120 calendar days following 
completion of Requirement R2. 

 

R5. Each Transmission Owner that identified a Transmission station, Transmission 
substation, or primary control center in Requirement R1 and verified according to 
Requirement R2, and each Transmission Operator notified by a Transmission Owner 
according to Requirement R3, shall develop and implement a documented physical 
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security plan(s) that covers their respective Transmission station(s), Transmission 
substation(s), and primary control center(s).  The physical security plan(s) shall be 
developed within 120 calendar days following the completion of Requirement R2 and 
executed according to the timeline specified in the physical security plan(s). The 
physical security plan(s) shall include the following attributes: [VRF: High; Time-
Horizon: Long-term Planning]  

5.1. Resiliency or security measures designed collectively to deter, detect, delay, 
assess, communicate, and respond to potential physical threats and 
vulnerabilities identified during the evaluation conducted in Requirement R4.  

5.2. Law enforcement contact and coordination information. 

5.3. A timeline for executing the physical security enhancements and modifications 
specified in the physical security plan.  

5.4. Provisions to evaluate evolving physical threats, and their corresponding security 
measures, to the Transmission station(s), Transmission substation(s), or primary 
control center(s). 

M5.    Examples of evidence may include, but are not limited to, dated written or electronic 
documentation of its physical security plan(s) that covers their respective identified 
and verified Transmission station(s), Transmission substation(s), and primary control 
center(s) as specified in Requirement R5, and additional evidence demonstrating 
execution of the physical security plan according to the timeline specified in the 
physical security plan.  

 

Rationale for Requirement R5: 

This requirement meets the FERC directive from paragraph 9 in the order on 
physical security requiring the development and implementation of a security 
plan(s) designed to protect against attacks to the facilities identified in 
Requirement R1 based on the assessment performed under Requirement R4.   

 

R6. Each Transmission Owner that identified a Transmission station, Transmission 
substation, or primary control center in Requirement R1 and verified according to 
Requirement R2, and each Transmission Operator notified by a Transmission Owner 
according to Requirement R3, shall have an unaffiliated third party review the 
evaluation performed under Requirement R4 and the security plan(s) developed 
under Requirement R5. The review may occur concurrently with or after completion 
of the evaluation performed under Requirement R4 and the security plan 
development under Requirement R5. [VRF: Medium; Time-Horizon: Long-term 
Planning] 
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6.1. Each Transmission Owner and Transmission Operator shall select an unaffiliated 
third party reviewer from the following: 

• An entity or organization with electric industry physical security experience 
and whose review staff has at least one member who holds either a Certified 
Protection Professional (CPP) or Physical Security Professional (PSP) 
certification. 

• An entity or organization approved by the ERO. 

• A governmental agency with physical security expertise. 

• An entity or organization with demonstrated law enforcement, government, 
or military physical security expertise. 

6.2. The Transmission Owner or Transmission Operator, respectively, shall ensure 
that the unaffiliated third party review is completed within 90 calendar days of 
completing the security plan(s) developed in Requirement R5. The unaffiliated 
third party review may, but is not required to, include recommended changes to 
the evaluation performed under Requirement R4 or the security plan(s) 
developed under Requirement R5. 

6.3. If the unaffiliated third party reviewer recommends changes to the evaluation 
performed under Requirement R4 or security plan(s) developed under 
Requirement R5, the Transmission Owner or Transmission Operator shall, within 
60 calendar days of the completion of the unaffiliated third party review, for 
each recommendation: 

• Modify its evaluation or security plan(s) consistent with the recommendation; 
or 

• Document the reason(s) for not modifying the evaluation or security plan(s) 
consistent with the recommendation.  

6.4. Each Transmission Owner and Transmission Operator shall implement 
procedures, such as the use of non-disclosure agreements, for protecting 
sensitive or confidential information made available to the unaffiliated third 
party reviewer and to protect or exempt sensitive or confidential information 
developed pursuant to this Reliability Standard from public disclosure. 

M6.   Examples of evidence may include, but are not limited to, written or electronic 
documentation that the Transmission Owner or Transmission Operator had an 
unaffiliated third party review the evaluation performed under Requirement R4 and 
the security plan(s) developed under Requirement R5 as specified in Requirement R6 
including, if applicable, documenting the reasons for not modifying the evaluation or 
security plan(s) in accordance with a recommendation under Part 6.3.   Additionally, 

May 1, 2014  Page 12 of 39 



CIP-014-1 — Physical Security  

examples of evidence may include, but are not limited to, written or electronic 
documentation of procedures to protect information under Part 6.4. 

 

Rationale for Requirement R6: 

This requirement meets the FERC directive from paragraph 11 in the order on 
physical security requiring review by an entity other than the owner or operator 
with appropriate expertise of the evaluation performed according to Requirement 
R4 and the security plan(s) developed according to Requirement R5.  

As with the verification required by Requirement R2, Requirement R6 provides 
Transmission Owners and Transmission Operators the flexibility to work with the 
third party reviewer throughout the Requirement R4 evaluation and the 
development of the Requirement R5 security plan(s). This would allow entities to 
satisfy their obligations under Requirement R6 concurrent with the satisfaction of 
their obligations under Requirements R4 and R5. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

As defined in the NERC Rules of Procedure, “Compliance Enforcement Authority” 
(CEA) means NERC or the Regional Entity in their respective roles of monitoring 
and enforcing compliance with the NERC Reliability Standards. 

1.2. Evidence Retention 

The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance. For instances 
where the evidence retention period specified below is shorter than the time 
since the last audit, the CEA may ask an entity to provide other evidence during 
an on-site visit to show that it was compliant for the full time period since the 
last audit. 

The Transmission Owner and Transmission Operator shall keep data or evidence 
to show compliance, as identified below, unless directed by its Compliance 
Enforcement Authority (CEA) to retain specific evidence for a longer period of 
time as part of an investigation.  

The responsible entities shall retain documentation as evidence for three years. 

If a Responsible Entity is found non-compliant, it shall keep information related 
to the non-compliance until mitigation is complete and approved, or for the time 
specified above, whichever is longer.  

The CEA shall keep the last audit records and all requested and submitted 
subsequent audit records, subject to the confidentiality provisions of Section 
1500 of the Rules of Procedure and the provisions of Section 1.4 below. 

1.3. Compliance Monitoring and Assessment Processes: 

Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Violation Investigations 

Self-Reporting 

Complaints Text 

1.4. Additional Compliance Information 

Confidentiality: To protect the confidentiality and sensitive nature of the 
evidence for demonstrating compliance with this standard, all evidence will be 
retained at the Transmission Owner’s and Transmission Operator’s facilities. 
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2.   Table of Compliance Elements 

 

R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Long-term 
Planning 

High The Transmission 
Owner performed an 
initial risk 
assessment but did 
so after the date 
specified in the 
implementation plan 
for performing the 
initial risk 
assessment but less 
than or equal to two 
calendar months 
after that date; 

OR 

The Transmission 
Owner that has 
identified in its 
previous risk 
assessment one or 
more Transmission 
stations or 
Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 

The Transmission 
Owner performed an 
initial risk assessment 
but did so more than 
two calendar months 
after the date 
specified in the 
implementation plan 
for performing the 
initial risk assessment 
but less than or equal 
to four calendar 
months after that 
date; 

OR 

The Transmission 
Owner that has 
identified in its 
previous risk 
assessment one or 
more Transmission 
stations or 
Transmission 
substations that if 
rendered inoperable 
or damaged could 

The Transmission 
Owner performed an 
initial risk assessment 
but did so more than 
four calendar months 
after the date 
specified in the 
implementation plan 
for performing the 
initial risk assessment 
but less than or equal 
to six calendar months 
after that date; 

OR 

The Transmission 
Owner that has 
identified in its 
previous risk 
assessment one or 
more Transmission 
stations or 
Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 

The Transmission 
Owner performed an 
initial risk 
assessment but did 
so more than six 
calendar months 
after the date 
specified in the 
implementation plan 
for performing the 
initial risk 
assessment; 

OR 

The Transmission 
Owner failed to 
perform an initial 
risk assessment; 

OR 

The Transmission 
Owner that has 
identified in its 
previous risk 
assessment one or 
more Transmission 
stations or 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

instability, 
uncontrolled 
separation, or 
Cascading within an 
Interconnection 
performed a 
subsequent risk 
assessment but did 
so after 30 calendar 
months but less than 
or equal to 32 
calendar months; 

OR 

The Transmission 
Owner that has not 
identified in its 
previous risk 
assessment any 
Transmission 
stations or 
Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 
instability, 
uncontrolled 
separation, or 
Cascading within an 

result in widespread 
instability, 
uncontrolled 
separation, or 
Cascading within an 
Interconnection 
performed a 
subsequent risk 
assessment but did so 
after 32 calendar 
months but less than 
or equal to 34 
calendar months; 

OR 

The Transmission 
Owner that has not 
identified in its 
previous risk 
assessment any 
Transmission stations 
or Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 
instability, 
uncontrolled 
separation, or 
Cascading within an 

instability, 
uncontrolled 
separation, or 
Cascading within an 
Interconnection 
performed a 
subsequent risk 
assessment but did so 
after 34 calendar 
months but less than 
or equal to 36 
calendar months; 

OR 

The Transmission 
Owner that has not 
identified in its 
previous risk 
assessment any 
Transmission stations 
or Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 
instability, 
uncontrolled 
separation, or 
Cascading within an 
Interconnection 

Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 
instability, 
uncontrolled 
separation, or 
Cascading within an 
Interconnection 
performed a 
subsequent risk 
assessment but did 
so after more than 
36 calendar months; 

OR 

The Transmission 
Owner that has 
identified in its 
previous risk 
assessment one or 
more Transmission 
stations or 
Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 
instability, 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

Interconnection 
performed a 
subsequent risk 
assessment but did 
so after 60 calendar 
months but less than 
or equal to 62 
calendar months. 

 

Interconnection 
performed a 
subsequent risk 
assessment but did so 
after 62 calendar 
months but less than 
or equal to 64 
calendar months. 

 

performed a 
subsequent risk 
assessment but did so 
after 64 calendar 
months but less than 
or equal to 66 
calendar months; 

OR 

The Transmission 
Owner performed a 
risk assessment but 
failed to include Part 
1.2. 

uncontrolled 
separation, or 
Cascading within an 
Interconnection 
failed to perform a 
risk assessment; 

OR 

The Transmission 
Owner that has not 
identified in its 
previous risk 
assessment any 
Transmission 
stations or 
Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 
instability, 
uncontrolled 
separation, or 
Cascading within an 
Interconnection 
performed a 
subsequent risk 
assessment but did 
so after more than 
66 calendar months; 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

OR 

The Transmission 
Owner that has not 
identified in its 
previous risk 
assessment any 
Transmission station 
and Transmission 
substations that if 
rendered inoperable 
or damaged could 
result in widespread 
instability, 
uncontrolled 
separation, or 
Cascading within an 
Interconnection 
failed to perform a 
subsequent risk 
assessment. 

R2 Long-term 
Planning 

Medium The Transmission 
Owner had an 
unaffiliated third 
party verify the risk 
assessment 
performed under 
Requirement R1 but 
did so in more than 
90 calendar days but 

The Transmission 
Owner had an 
unaffiliated third 
party verify the risk 
assessment 
performed under 
Requirement R1 but 
did so more than 100 
calendar days but 

The Transmission 
Owner had an 
unaffiliated third party 
verify the risk 
assessment performed 
under Requirement R1 
but did so more than 
110 calendar days but 
less than or equal to 

The Transmission 
Owner had an 
unaffiliated third 
party verify the risk 
assessment 
performed under 
Requirement R1 but 
did so more than 
120 calendar days 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

less than or equal to 
100 calendar days 
following completion 
of Requirement R1; 

OR 

The Transmission 
Owner had an 
unaffiliated third 
party verify the risk 
assessment 
performed under 
Requirement R1 and 
modified or 
documented the 
technical basis for 
not modifying its 
identification under 
Requirement R1 as 
required by Part 2.3 
but did so more than 
60 calendar days and 
less than or equal to 
70 calendar days 
from completion of 
the third party 
verification. 

less than or equal to 
110 calendar days 
following completion 
of Requirement R1; 

Or 

The Transmission 
Owner had an 
unaffiliated third 
party verify the risk 
assessment 
performed under 
Requirement R1 and 
modified or 
documented the 
technical basis for 
not modifying its 
identification under 
Requirement R1 as 
required by Part 2.3 
but did so more than 
70 calendar days and 
less than or equal to 
80 calendar days 
from completion of 
the third party 
verification. 

120 calendar days 
following completion 
of Requirement R1; 

OR 

The Transmission 
Owner had an 
unaffiliated third party 
verify the risk 
assessment performed 
under Requirement R1 
and modified or 
documented the 
technical basis for not 
modifying its 
identification under 
Requirement R1 as 
required by Part 2.3 
but did so more than 
80 calendar days from 
completion of the 
third party 
verification; 

OR 

The Transmission 
Owner had an 
unaffiliated third party 
verify the risk 
assessment performed 

following 
completion of 
Requirement R1; 

OR 

The Transmission 
Owner failed to have 
an unaffiliated third 
party verify the risk 
assessment 
performed under 
Requirement R1; 

OR 

The Transmission 
Owner had an 
unaffiliated third 
party verify the risk 
assessment 
performed under 
Requirement R1 but 
failed to implement 
procedures for 
protecting 
information per Part 
2.4. 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

under Requirement R1 
but failed to modify or 
document the 
technical basis for not 
modifying its 
identification under 
R1 as required by Part 
2.3. 

R3 Long-term 
Planning 

Lower The Transmission 
Owner notified the 
Transmission 
Operator that 
operates the primary 
control center as 
specified in 
Requirement R3 but 
did so more than 
seven calendar days 
and less than or equal 
to nine calendar days 
following the 
completion of 
Requirement R2; 

OR 

The Transmission 
Owner notified the 
Transmission 
Operator that 

The Transmission 
Owner notified the 
Transmission 
Operator that 
operates the primary 
control center as 
specified in 
Requirement R3 but 
did so more than nine 
calendar days and 
less than or equal to 
11 calendar days 
following the 
completion of 
Requirement R2; 

OR 

The Transmission 
Owner notified the 
Transmission 
Operator that 

The Transmission 
Owner notified the 
Transmission Operator 
that operates the 
primary control center 
as specified in 
Requirement R3 but 
did so more than 11 
calendar days and less 
than or equal to 13 
calendar days 
following the 
completion of 
Requirement R2; 

OR 

The Transmission 
Owner notified the 
Transmission Operator 
that operates the 
primary control center 

The Transmission 
Owner notified the 
Transmission 
Operator that 
operates the primary 
control center as 
specified in 
Requirement R3 but 
did so more than 13 
calendar days 
following the 
completion of 
Requirement R2; 

OR 

The Transmission 
Owner failed to 
notify the 
Transmission 
Operator that it 
operates a control 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

operates the primary 
control center of the 
removal from the 
identification in 
Requirement R1 but 
did so more than 
seven calendar days 
and less than or equal 
to nine calendar days 
following the 
verification or the 
subsequent risk 
assessment. 

operates the primary 
control center of the 
removal from the 
identification in 
Requirement R1 but 
did so more than nine 
calendar days and 
less than or equal to 
11 calendar days 
following the 
verification or the 
subsequent risk 
assessment. 

of the removal from 
the identification in 
Requirement R1 but 
did so more than 11 
calendar days and less 
than or equal to 13 
calendar days 
following the 
verification or the 
subsequent risk 
assessment. 

 

center identified in 
Requirement R1; 

OR 

The Transmission 
Owner notified the 
Transmission 
Operator that 
operates the primary 
control center of the 
removal from the 
identification in 
Requirement R1 but 
did so more than 13 
calendar days 
following the 
verification or the 
subsequent risk 
assessment. 

OR 

The Transmission 
Owner failed to 
notify the 
Transmission 
Operator that 
operates the primary 
control center of the 
removal from the 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

identification in 
Requirement R1.  

R4 Operations 
Planning, 
Long-term 
Planning 

Medium N/A The Responsible 
Entity conducted an 
evaluation of the 
potential physical 
threats and 
vulnerabilities to 
each of its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified 
in Requirement R1 
but failed to 
consider one of 
Parts 4.1 through 4.3 
in the evaluation. 

 

The Responsible 
Entity conducted an 
evaluation of the 
potential physical 
threats and 
vulnerabilities to 
each of its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified in 
Requirement R1 but 
failed to consider two 
of Parts 4.1 through 
4.3 in the evaluation. 

 

The Responsible 
Entity failed to 
conduct an 
evaluation of the 
potential physical 
threats and 
vulnerabilities to 
each of its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified 
in Requirement R1; 

OR 

The Responsible 
Entity conducted an 
evaluation of the 
potential physical 
threats and 
vulnerabilities to 
each of its 
Transmission 
station(s), 
Transmission 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

substation(s), and 
primary control 
center(s) identified 
in Requirement R1 
but failed to 
consider Parts 4.1 
through 4.3. 

R5 Long-term 
Planning 

High The Responsible 
Entity developed and 
implemented a 
documented physical 
security plan(s) that 
covers each of its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified in 
Requirement R1 but 
did so more than 120 
calendar days but 
less than or equal to 
130 calendar days 
after completing 
Requirement R2;  

OR 

The Responsible 
Entity developed and 
implemented a 
documented physical 
security plan(s) that 
covers each of its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified in 
Requirement R1 but 
did so more than 130 
calendar days but 
less than or equal to 
140 calendar days 
after completing 
Requirement R2;  

OR 

The Responsible Entity 
developed and 
implemented a 
documented physical 
security plan(s) that 
covers each of its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified in 
Requirement R1 but 
did so more than 140 
calendar days but less 
than or equal to 150 
calendar days after 
completing 
Requirement R2; 

OR 

The Responsible 
Entity developed and 
implemented a 
documented 
physical security 
plan(s) that covers 
each of its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified 
in Requirement R1 
but did so more than 
150 calendar days 
after completing the 
verification in 
Requirement R2;  

OR 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

The Responsible 
Entity developed and 
implemented a 
documented physical 
security plan(s) that 
covers its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified in 
Requirement R1 and 
verified according to 
Requirement R2 but 
failed to include one 
of Parts 5.1 through 
5.4 in the plan. 

The Responsible 
Entity developed and 
implemented a 
documented physical 
security plan(s) that 
covers its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified in 
Requirement R1 and 
verified according to 
Requirement R2 but 
failed to include two 
of Parts 5.1 through 
5.4 in the plan. 

The Responsible Entity 
developed and 
implemented a 
documented physical 
security plan(s) that 
covers its 
Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified in 
Requirement R1 and 
verified according to 
Requirement R2 but 
failed to include three 
of Parts 5.1 through 
5.4 in the plan. 

The Responsible 
Entity failed to 
develop and 
implement a 
documented 
physical security 
plan(s) that covers 
its Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
center(s) identified 
in Requirement R1 
and verified 
according to 
Requirement R2. 

OR 

The Responsible 
Entity developed and 
implemented a 
documented 
physical security 
plan(s) that covers 
its Transmission 
station(s), 
Transmission 
substation(s), and 
primary control 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

center(s) identified 
in Requirement R1 
and verified 
according to 
Requirement 2 but 
failed to include 
Parts 5.1 through 5.4 
in the plan. 

R6 Long-term 
Planning 

Medium The Responsible 
Entity had an 
unaffiliated third 
party review the 
evaluation performed 
under Requirement 
R4 and the security 
plan(s) developed 
under Requirement 
R5 but did so in more 
than 90 calendar days 
but less than or equal 
to 100 calendar days; 

OR 

The Responsible 
Entity had an 
unaffiliated third 
party review the 
evaluation performed 
under Requirement 

The Responsible 
Entity had an 
unaffiliated third 
party review the 
evaluation performed 
under Requirement 
R4 and the security 
plan(s) developed 
under Requirement 
R5 but did so in more 
than 100 calendar 
days but less than or 
equal to 110 calendar 
days; 

OR 

The Responsible 
Entity had an 
unaffiliated third 
party review the 
evaluation performed 

The Responsible Entity 
had an unaffiliated 
third party review the 
evaluation performed 
under Requirement R4 
and the security 
plan(s) developed 
under Requirement R5 
but did so more than 
110 calendar days but 
less than or equal to 
120 calendar days; 

OR 

The Responsible Entity 
had an unaffiliated 
third party review the 
evaluation performed 
under Requirement R4 
and the security 
plan(s) developed 

The Responsible 
Entity failed to have 
an unaffiliated third 
party review the 
evaluation 
performed under 
Requirement R4 and 
the security plan(s) 
developed under 
Requirement R5 in 
more than 120 
calendar days; 

OR 

The Responsible 
Entity failed to have 
an unaffiliated third 
party review the 
evaluation 
performed under 
Requirement R4 and 
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R # Time 
Horizon 

VRF Violation Severity Levels (CIP-014-1) 

Lower VSL Moderate VSL High VSL Severe VSL 

R4 and the security 
plan(s) developed 
under Requirement 
R5 and modified or 
documented the 
reason for not 
modifying the 
security plan(s) as 
specified in Part 6.3 
but did so more than 
60 calendar days and 
less than or equal to 
70 calendar days 
following completion 
of the third party 
review. 

under Requirement 
R4 and the security 
plan(s) developed 
under Requirement 
R5 and modified or 
documented the 
reason for not 
modifying the 
security plan(s) as 
specified in Part 6.3 
but did so more than 
70 calendar days and 
less than or equal to 
80 calendar days 
following completion 
of the third party 
review. 

under Requirement R5 
and modified or 
documented the 
reason for not 
modifying the security 
plan(s) as specified in 
Part 6.3 but did so 
more than 80 calendar 
days following 
completion of the 
third party review; 

OR 

The Responsible Entity 
had an unaffiliated 
third party review the 
evaluation performed 
under Requirement R4 
and the security 
plan(s) developed 
under Requirement R5 
but did not document 
the reason for not 
modifying the security 
plan(s) as specified in 
Part 6.3. 

the security plan(s) 
developed under 
Requirement R5; 

OR 

The Responsible 
Entity had an 
unaffiliated third 
party review the 
evaluation 
performed under 
Requirement R4 and 
the security plan(s) 
developed under 
Requirement R5 but 
failed to implement 
procedures for 
protecting 
information per Part 
6.3. 
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D. Regional Variances 

None. 

E. Interpretations 

None. 

F. Associated Documents 

None. 
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Guidelines and Technical Basis 

Section 4 Applicability  

The purpose of Reliability Standard CIP-014-1 is to protect Transmission stations and 
Transmission substations, and their associated primary control centers that if rendered 
inoperable or damaged as a result of a physical attack could result in widespread instability, 
uncontrolled separation, or Cascading within an Interconnection. To properly include those 
entities that own or operate such Facilities, the Reliability Standard CIP-014-1 first applies to 
Transmission Owners that own Transmission Facilities that meet the specific criteria in 
Applicability Section 4.1.1.1 through 4.1.1.4.  The Facilities described in Applicability Section 
4.1.1.1 through 4.1.1.4 mirror those Transmission Facilities that meet the bright line criteria for 
“Medium Impact” Transmission Facilities under Attachment 1 of Reliability Standard CIP-002-
5.1. Each Transmission Owner that owns Transmission Facilities that meet the criteria in Section 
4.1.1.1 through 4.1.1.4 is required to perform a risk assessment as specified in Requirement R1 
to identify its Transmission stations and Transmission substations, and their associated primary 
control centers, that if rendered inoperable or damaged as a result of a physical attack could 
result in widespread instability, uncontrolled separation, or Cascading within an 
Interconnection. The Standard Drafting Team (SDT) expects this population will be small and 
that many Transmission Owners that meet the applicability of this standard will not actually 
identify any such Facilities. Only those Transmission Owners with Transmission stations or 
Transmission substations identified in the risk assessment (and verified under Requirement R2) 
have performance obligations under Requirements R3 through R6.   

This standard also applies to Transmission Operators.  A Transmission Operator’s obligations 
under the standard, however, are only triggered if the Transmission Operator is notified by an 
applicable Transmission Owner under Requirement R3 that the Transmission Operator operates 
a primary control center that operationally controls a Transmission station(s) or Transmission 
substation(s) identified in the Requirement R1 risk assessment.  A primary control center 
operationally controls a Transmission station or Transmission substation when the control 
center’s electronic actions can cause direct physical action at the identified Transmission 
station or Transmission substation, such as opening a breaker, as opposed to a control center 
that only has information from the Transmission station or Transmission substation and must 
coordinate direct action through another entity. Only Transmission Operators who are notified 
that they have primary control centers under this standard have performance obligations under 
Requirements R4 through R6. In other words, primary control center for purposes of this 
Standard is the control center that the Transmission Owner or Transmission Operator, 
respectively, uses as its primary, permanently-manned site to physically operate a Transmission 
station or Transmission substation that is identified in Requirement R1 and verified in 
Requirement R2.   Control centers that provide back-up capability are not applicable, as they 
are a form of resiliency and intentionally redundant.  

The SDT considered several options for bright line criteria that could be used to determine 
applicability and provide an initial threshold that defines the set of Transmission stations and 
Transmission substations that would meet the directives of the FERC order on physical security 
(i.e., those that could cause widespread instability, uncontrolled separation, or Cascading within 
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an Interconnection).  The SDT determined that using the criteria for Medium Impact 
Transmission Facilities in Attachment 1 of CIP-002-5.1 would provide a conservative threshold 
for defining which Transmission stations and Transmission substations must be included in the 
risk assessment in Requirement R1 of CIP-014-1. Additionally, the SDT concluded that using the 
CIP-002-5.1 Medium Impact criteria was appropriate because it has been approved by 
stakeholders, NERC, and FERC, and its use provides a technically sound basis to determine 
which Transmission Owners should conduct the risk assessment.  As described in CIP-002-5.1, 
the failure of a Transmission station or Transmission substation that meets the Medium Impact 
criteria could have the capability to result in exceeding one or more Interconnection Reliability 
Operating Limits (IROLs).  The SDT understands that using this bright line criteria to determine 
applicability may require some Transmission Owners to perform risk assessments under 
Requirement R1 that will result in a finding that none of their Transmission stations or 
Transmission substations would pose a risk of widespread instability, uncontrolled separation, 
or Cascading within an Interconnection.  However, the SDT determined that higher bright lines 
could not be technically justified to ensure inclusion of all Transmission stations and 
Transmission substations, and their associated primary control centers that, if rendered 
inoperable or damaged as a result of a physical attack could result in widespread instability, 
uncontrolled separation, or Cascading within an Interconnection.  Further guidance and 
technical basis for the bright line criteria for Medium Impact Facilities can be found in the 
Guidelines and Technical Basis section of CIP-002-5.1. 

Additionally, the SDT determined that it was not necessary to include Generator Operators and 
Generator Owners in the Reliability Standard.  First, Transmission stations or Transmission 
substations interconnecting generation facilities are considered when determining applicability. 
Transmission Owners will consider those Transmission stations and Transmission substations 
that include a Transmission station on the high side of the Generator Step-up transformer 
(GSU) using Applicability Section 4.1.1.1 and 4.1.1.2. As an example, a Transmission station or 
Transmission substation identified as a Transmission Owner facility that interconnects 
generation will be subject to the Requirement R1 risk assessment if it operates at 500kV or 
greater or if it is connected at 200 kV – 499kV to three or more other Transmission stations or 
Transmission substations and has an "aggregate weighted value" exceeding 3000 according to 
the table in Applicability Section 4.1.1.2.  Second, the Transmission analysis or analyses 
conducted under Requirement R1 should take into account the impact of the loss of generation 
connected to applicable Transmission stations or Transmission substations. Additionally, the 
FERC order does not explicitly mention generation assets and is reasonably understood to focus 
on the most critical Transmission Facilities. The diagram below shows an example of a station. 
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Also, the SDT uses the phrase “Transmission stations or Transmission substations” to recognize 
the existence of both stations and substations. Many entities in industry consider a substation 
to be a location with physical borders (i.e. fence, wall, etc.) that contains at least an 
autotransformer. Locations also exist that do not contain autotransformers, and many entities 
in industry refer to those locations as stations (switching stations or switchyards). Therefore, 
the SDT chose to use both “station” and “substation” to refer to the locations where groups of 
Transmission Facilities exist. 

On the issue of joint ownership, the SDT recognizes that this issue is not unique to CIP-014-1, 
and expects that the applicable Transmission Owners and Transmission Operators will develop 
memorandums of understanding, agreements, Coordinated Functional Registrations, or 
procedures, etc., to designate responsibilities under CIP-014-1 when joint ownership is at issue, 
which is similar to what many entities have completed for other Reliability Standards. 

The language contained in the applicability section regarding the collector bus is directly copied 
from CIP-002-5.1, Attachment 1, and has no additional meaning within the CIP-014-1 standard. 

 

Requirement R1 

The initial risk assessment required under Requirement R1 must be completed on or before the 
effective date of the standard.  Subsequent risk assessments are to be performed at least once 
every 30 or 60 months depending on the results of the previous risk assessment per 
Requirement R1, Part 1.1. In performing the risk assessment under Requirement R1, the 
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Transmission Owner should first identify their population of Transmission stations and 
Transmission substations that meet the criteria contained in Applicability Section 4.1.1. 
Requirement R1 then requires the Transmission Owner to perform a risk assessment, consisting 
of a transmission analysis, to determine which of those Transmission stations and Transmission 
Substations if rendered inoperable or damaged could result in widespread instability, 
uncontrolled separation, or Cascading within an Interconnection. The standard does not 
mandate the specific analytical method for performing the risk assessment.  The Transmission 
Owner has the discretion to choose the specific method that best suites its needs. As an 
example, an entity may perform a Power Flow analysis and stability analysis at a variety of load 
levels.  

Performing Risk Assessments 

The Transmission Owner has the discretion to select a transmission analysis method that fits its 
facts and system circumstances.  To mandate a specific approach is not technically desirable 
and may lead to results that fail to adequately consider regional, topological, and system 
circumstances. The following guidance is only an example on how a Transmission Owner may 
perform a power flow and/or stability analysis to identify those Transmission stations and 
Transmission substations that if rendered inoperable or damaged as a result of a physical attack 
could result in widespread instability, uncontrolled separation, or Cascading within an 
Interconnection.  An entity could remove all lines, without regard to the voltage level, to a 
single Transmission station or Transmission substation and review the simulation results to 
assess system behavior to determine if Cascading of Transmission Facilities, uncontrolled 
separation, or voltage or frequency instability is likely to occur over a significant area of the 
Interconnection. Using engineering judgment, the Transmission Owner (possibly in consultation 
with regional planning or operation committees and/or ISO/RTO committee input) should 
develop criteria (e.g. imposing a fault near the removed Transmission station or Transmission 
substation) to identify a contingency or parameters that result in potential widespread 
instability, uncontrolled separation, or Cascading within an Interconnection. Regional 
consultation on these matters is likely to be helpful and informative, given that the inputs for 
the risk assessment and the attributes of what constitutes widespread instability, uncontrolled 
separation, or Cascading within an Interconnection will likely vary from region-to-region or 
from ISO-to-ISO based on topology, system characteristics, and system configurations.   Criteria 
could also include post-contingency facilities loadings above a certain emergency rating or 
failure of a power flow case to converge.  Available special protection systems (SPS), if any, 
could be applied to determine if the system experiences any additional instability which may 
result in uncontrolled separation.  Example criteria may include:  

(a) Thermal overloads beyond facility emergency ratings;  

(b) Voltage deviation exceeding ± 10%; or  

(c) Cascading outage/voltage collapse; or  

(d) Frequency below under-frequency load shed points 
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Periodicity 

A Transmission Owner who identifies one or more Transmission stations or Transmission 
substations (as verified under Requirement R2) that if rendered inoperable or damaged could 
result in widespread instability, uncontrolled separation, or Cascading within an 
Interconnection is required to conduct a risk assessment at least once every 30 months. This 
period ensures that the risk assessment remains current with projected conditions and 
configurations in the planned system.  This risk assessment, as the initial assessment, must 
consider applicable planned Transmission stations and Transmission substations to be in service 
within 24 months.  The 30 month timeframe aligns with the 24 month planned to be in service 
date because the Transmission Owner is provided the flexibility, depending on its planning cycle 
and the frequency in which it may plan to construct a new Transmission station or Transmission 
substation to more closely align these dates.  The requirement is to conduct the risk assessment 
at least once every 30 months, so for a Transmission Owner that believes it is better to conduct 
a risk assessment once every 24 months, because of its planning cycle, it has the flexibility to do 
so. 

Transmission Owners that have not identified any Transmission stations or Transmission 
substations (as verified under Requirement R2) that if rendered inoperable or damaged could 
result in widespread instability, uncontrolled separation, or Cascading within an 
Interconnection are unlikely to see changes to their risk assessment in the Near-Term Planning 
Horizon. Consequently, a 60 month periodicity for completing a subsequent risk assessment is 
specified.  

Identification of Primary Control Centers 

After completing the risk assessment specified in Requirement R1, it is important to additionally 
identify the primary control center that operationally controls each Transmission station or 
Transmission substation that if rendered inoperable or damaged could result in widespread 
instability, uncontrolled separation, or Cascading within an Interconnection.  A primary control 
center “operationally controls” a Transmission station or Transmission substation when the 
control center’s electronic actions can cause direct physical actions at the identified 
Transmission station and Transmission substation, such as opening a breaker. 

 

Requirement R2 

This requirement specifies verification of the risk assessment performed under Requirement R1 
by an entity other than the owner or operator of the Requirement R1 risk assessment.  

A verification of the risk assessment by an unaffiliated third party, as specified in Requirement 
R2, could consist of: 

1. Certifying that the Requirement R1 risk assessment considers the Transmission stations 
and Transmission substations identified in Applicability Section 4.1.1. 
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2. Review of the model used to conduct the risk assessment to ensure it contains sufficient 
system topology to identify Transmission stations and Transmission substations that if 
rendered inoperable or damaged could cause widespread instability, uncontrolled 
separation, or Cascading within an Interconnection. 

3. Review of the Requirement R1 risk assessment methodology. 

This requirement provides the flexibility for a Transmission Owner to select from unaffiliated 
registered and non-registered entities with transmission planning or analysis experience to 
perform the verification of the Requirement R1 risk assessment. The term unaffiliated means 
that the selected verifying entity cannot be a corporate affiliate (i.e., the verifying or third party 
reviewer cannot be an entity that corporately controls, is controlled by or is under common 
control with, the Transmission Owner).  The verifying entity also cannot be a division of the 
Transmission Owner that operates as a functional unit.   

The prohibition on registered entities using a corporate affiliate to conduct the verification, 
however, does not prohibit a governmental entity (e.g., a city, a municipality, a U.S. federal 
power marketing agency, or any other political subdivision of U.S. or Canadian federal, state, or 
provincial governments) from selecting as the verifying entity another governmental entity 
within the same political subdivision.  For instance, a U.S. federal power marketing agency may 
select as its verifier another U.S. federal agency to conduct its verification so long as the 
selected entity has transmission planning or analysis experience.  Similarly, a Transmission 
Owner owned by a Canadian province can use a separate agency of that province to perform 
the verification.   The verifying entity, however, must still be a third party and cannot be a 
division of the registered entity that operates as a functional unit.   

Requirement R2 also provides that the “verification may occur concurrent with or after the risk 
assessment performed under Requirement R1.”   This provision is designed to provide the 
Transmission Owner the flexibility to work with the verifying entity throughout (i.e., concurrent 
with) the risk assessment, which for some Transmission Owners may be more efficient and 
effective.  In other words, a Transmission Owner could collaborate with their unaffiliated 
verifying entity to perform the risk assessment under Requirement R1 such that both 
Requirement R1 and Requirement R2 are satisfied concurrently.  The intent of Requirement R2 
is to have an entity other than the owner or operator of the facility to be involved in the risk 
assessment process and have an opportunity to provide input.  Accordingly, Requirement R2 is 
designed to allow entities the discretion to have a two-step process, where the Transmission 
Owner performs the risk assessment and subsequently has a third party review that 
assessment, or a one-step process, where the entity collaborates with a third party to perform 
the risk assessment.  

Characteristics to consider in selecting a third party reviewer could include: 

• Registered Entity with applicable planning and reliability functions. 

• Experience in power system studies and planning. 

• The entity’s understanding of the MOD standards, TPL standards, and facility ratings as 
they pertain to planning studies.  
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• The entity’s familiarity with the Interconnection within which the Transmission Owner is 
located. 

With respect to the requirement that Transmission owners develop and implement procedures 
for protecting confidential and sensitive information, the Transmission Owner could have a 
method for identifying documents that require confidential treatment. One mechanism for 
protecting confidential or sensitive information is to prohibit removal of sensitive or 
confidential information from the Transmission Owner’s site. Transmission Owners could 
include such a prohibition in a non-disclosure agreement with the verifying entity. 

A Technical feasibility study is not required in the Requirement R2 documentation of the 
technical basis for not modifying the identification in accordance with the recommendation.  

On the issue of the difference between a verifier in Requirement R2 and a reviewer in 
Requirement R6, the SDT indicates that the verifier will confirm that the risk assessment was 
completed in accordance with Requirement R1, including the number of Transmission stations 
and substations identified, while the reviewer in Requirement R6 is providing expertise on the 
manner in which the evaluation of threats was conducted in accordance with Requirement R4, 
and the physical security plan in accordance with Requirement R5.  In the latter situation there 
is no verification of a technical analysis, rather an application of experience and expertise to 
provide guidance or recommendations, if needed. 

Parts 2.4 and 6.4 require the entities to have procedures to protect the confidentiality of 
sensitive or confidential information.  Those procedures may include the following elements: 

1. Control and retention of information on site for third party verifiers/reviewers. 

2. Only “need to know” employees, etc., get the information. 

3. Marking documents as confidential 

4. Securely storing and destroying information when no longer needed. 

5. Not releasing information outside the entity without, for example, General 
Counsel sign-off. 

 

Requirement R3 

Some Transmission Operators will have obligations under this standard for certain primary 
control centers.  Those obligations, however, are contingent upon a Transmission Owner first 
completing the risk assessment specified by Requirement R1 and the verification specified by 
Requirement R2. Requirement R3 is intended to ensure that a Transmission Operator that has 
operational control of  a primary control center identified in Requirement R1 receive notice so 
that the Transmission Operator may fulfill the rest of the obligations required in Requirements 
R4 through R6.  Since the timing obligations in Requirements R4 through R6 are based upon 
completion of Requirement R2, the Transmission Owner must also include within the notice the 
date of completion of Requirement R2. Similarly, the Transmission Owner must notify the 
Transmission Operator of any removals from identification that result from a subsequent risk 
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assessment under Requirement R1 or as a result of the verification process under Requirement 
R2. 

 

Requirement R4 

This requirement requires owners and operators of facilities identified by the Requirement R1 
risk assessment and that are verified under Requirement R2 to conduct an assessment of 
potential threats and vulnerabilities to those Transmission stations, Transmission substations, 
and primary control centers using a tailored evaluation process. Threats and vulnerabilities may 
vary from facility to facility based on any number of factors that include, but are not limited to, 
location, size, function, existing physical security protections, and attractiveness as a target. 

In order to effectively conduct a threat and vulnerability assessment, the asset owner may be 
the best source to determine specific site vulnerabilities, but current and evolving threats may 
best be determined by others in the intelligence or law enforcement communities. A number of 
resources have been identified in the standard, but many others exist and asset owners are not 
limited to where they may turn for assistance. Additional resources may include state or local 
fusion centers, U.S. Department of Homeland Security, Federal Bureau of Investigations (FBI), 
Public Safety Canada, Royal Canadian Mounted Police, and InfraGard chapters coordinated by 
the FBI. 

The Responsible Entity is required to take a number of factors into account in Parts 4.1 to 4.3 in 
order to make a risk-based evaluation under Requirement R4.  

To assist in determining the current threat for a facility, the prior history of attacks on similarly 
protected facilities should be considered when assessing probability and likelihood of 
occurrence at the facility in question. 

Resources that may be useful in conducting threat and vulnerability assessments include: 

• NERC Security Guideline for the Electricity Sector: Physical Security. 

• NERC Security Guideline: Physical Security Response. 

• ASIS International General Risk Assessment Guidelines. 

• ASIS International Facilities Physical Security Measure Guideline. 

• ASIS International Security Management Standard: Physical Asset Protection. 

• Whole Building Design Guide - Threat/Vulnerability Assessments. 

 

Requirement R5 

This requirement specifies development and implementation of a security plan(s) designed to 
protect against attacks to the facilities identified in Requirement R1 based on the assessment 
performed under Requirement R4. 

Requirement R5 specifies the following attributes for the physical security plan:   
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• Resiliency or security measures designed collectively to deter, detect, delay, assess, 
communicate, and respond to potential physical threats and vulnerabilities identified 
during the evaluation conducted in Requirement R4.  

Resiliency may include, among other things: 

a. System topology changes,  

b. Spare equipment,  

c. Construction of a new Transmission station or Transmission substation.  

While most security measures will work together to collectively harden the entire site, 
some may be allocated to protect specific critical components.  For example, if 
protection from gunfire is considered necessary, the entity may only install ballistic 
protection for critical components, not the entire site. 

• Law enforcement contact and coordination information.   

Examples of such information may be posting 9-1-1 for emergency calls and providing 
substation safety and familiarization training for local and federal law enforcement, fire 
department, and Emergency Medical Services. 

• A timeline for executing the physical security enhancements and modifications specified 
in the physical security plan.   

Entities have the flexibility to prioritize the implementation of the various resiliency or 
security enhancements and modifications in their security plan according to risk, 
resources, or other factors.  The requirement to include a timeline in the physical 
security plan for executing the actual physical security enhancements and modifications 
does not also require that the enhancements and modifications be completed within 
120 days.  The actual timeline may extend beyond the 120 days, depending on the 
amount of work to be completed.  

• Provisions to evaluate evolving physical threats, and their corresponding security 
measures, to the Transmission station(s), Transmission substation(s), or primary control 
center(s).  

A registered entity's physical security plan should include processes and responsibilities 
for obtaining and handling alerts, intelligence, and threat warnings from various 
sources. Some of these sources could include the ERO, ES-ISAC, and US and/or Canadian 
federal agencies. This information should be used to reevaluate or consider changes in 
the security plan and corresponding security measures of the security plan found in R5.  

Incremental changes made to the physical security plan prior to the next required third 
party review do not require additional third party reviews.  

 

Requirement R6 

This requirement specifies review by an entity other than the Transmission Owner or 
Transmission Operator with appropriate expertise for the evaluation performed according to 
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Requirement R4 and the security plan(s) developed according to Requirement R5. As with 
Requirement R2, the term unaffiliated means that the selected third party reviewer cannot be a 
corporate affiliate (i.e., the third party reviewer cannot be an entity that corporately controls, is 
controlled by or is under common control with, the Transmission Operator).  A third party 
reviewer also cannot be a division of the Transmission Operator that operates as a functional 
unit. 

As noted in the guidance for Requirement R2, the prohibition on registered entities using a 
corporate affiliate to conduct the review, however, does not prohibit a governmental entity 
from selecting as the third party reviewer another governmental entity within the same 
political subdivision.  For instance, a city or municipality may use its local enforcement agency, 
so long as the local law enforcement agency satisfies the criteria in Requirement R6.  The third 
party reviewer, however, must still be a third party and cannot be a division of the registered 
entity that operates as a functional unit. 

The Responsible Entity can select from several possible entities to perform the review: 

• An entity or organization with electric industry physical security experience and whose 
review staff has at least one member who holds either a Certified Protection 
Professional (CPP) or Physical Security Professional (PSP) certification. 

 In selecting CPP and PSP for use in this standard, the SDT believed it was important 
that if a private entity such as a consulting or security firm was engaged to conduct 
the third party review, they must tangibly demonstrate competence to conduct the 
review. This includes electric industry physical security experience and either of the 
premier security industry certifications sponsored by ASIS International. The ASIS 
certification program was initiated in 1977, and those that hold the CPP certification 
are board certified in security management. Those that hold the PSP certification are 
board certified in physical security.  

• An entity or organization approved by the ERO. 

• A governmental agency with physical security expertise. 

• An entity or organization with demonstrated law enforcement, government, or 
military physical security expertise. 

As with the verification under Requirement R2, Requirement R6 provides that the “review may 
occur concurrently with or after completion of the evaluation performed under Requirement 
R4 and the security plan development under Requirement R5.” This provision is designed to 
provide applicable Transmission Owners and Transmission Operators the flexibility to work with 
the third party reviewer throughout (i.e., concurrent with) the evaluation performed according 
to Requirement R4 and the security plan(s) developed according to Requirement R5, which for 
some Responsible Entities may be more efficient and effective.  In other words, a Transmission 
Owner or Transmission Operator could collaborate with their unaffiliated third party reviewer 
to perform an evaluation of potential threats and vulnerabilities (Requirement R4) and develop 
a security plan (Requirement R5) to satisfy Requirements R4 through R6 simultaneously.  The 
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intent of Requirement R6 is to have an entity other than the owner or operator of the facility to 
be involved in the Requirement R4 evaluation and the development of the Requirement R5 
security plans and have an opportunity to provide input on the evaluation and the security plan.  
Accordingly, Requirement R6 is designed to allow entities the discretion to have a two-step 
process, where the Transmission Owner performs the evaluation and develops the security plan 
itself and then has a third party review that assessment, or a one-step process, where the entity 
collaborates with a third party to perform the evaluation and develop the security plan.  
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Timeline 
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Standard Development Timeline 

  
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. SAR and supporting package posted for comment (July 2013). 

2. First posting for 45-day comment period and concurrent ballot (July 2013). 

3. Second posting for a 45-day comment period and concurrent ballot (October 2013). 

4. Third posting for a 45-day comment period and concurrent ballot (December 2013).  

5. Fourth posting for a 10-day final ballot (January 2014). 

 

Description of Current Draft 
This is the third posting of this standard for a 45-day formal comment period and ballot.   
Several directives remain outstanding (including from FERC Order No. 693) that relate to MOD-
010 through MOD-015. This standard and Standard MOD-032-1 address the outstanding 
directives while simultaneously incorporating recommendations for improvement from the 
NERC Planning Committee’s System Analysis and Modeling Subcommittee (SAMS). 

 

Anticipated Actions Anticipated Date 

Post SAR July 2013 

45-day Formal Comment Period with Parallel Ballot July 2013 

Additional 45-day Formal Comment Period with Parallel Ballot October 2013 

Additional 45-day Formal Comment Period with Parallel Ballot December 2013 

Final ballot January 2014 

BOT adoption February 2014 
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 Version History 
 

Version Date Action Change Tracking 

1 TBD Developed as a new standard for 
system validation to address 
outstanding directives from FERC Order 
No. 693 and recommendations from 
several other sources. 
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Definitions of Terms Used in Standard 

None 
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When this standard has received ballot approval, the text boxes will be moved to the Application 
Guidelines Section of the Standard. 

 

A. Introduction 

1. Title:  Steady-State and Dynamic System Model Validation   

2. Number: MOD-033-1 

3. Purpose:  To establish consistent validation requirements to facilitate the 
collection of accurate data and building of planning models to analyze the reliability of 
the interconnected transmission system. 

4. Applicability: 

4.1. Functional Entities: 

4.1.1 Planning Authority and Planning Coordinator (hereafter referred to as 
“Planning Coordinator”) 

This proposed standard combines “Planning Authority” with “Planning 
Coordinator” in the list of applicable functional entities. The NERC 
Functional Model lists “Planning Coordinator” while the registration 
criteria list “Planning Authority,” and they are not yet synchronized. Until 
that occurs, the proposed standard applies to both Planning Authority 
and Planning Coordinator. 

4.1.2 Reliability Coordinator 

4.1.3 Transmission Operator 

5. Effective Date:  

MOD-033-1 shall become effective on the first day of the first calendar quarter that is 
36 months after the date that the standard is approved by an applicable 
governmental authority or as otherwise provided for in a jurisdiction where approval 
by an applicable governmental authority is required for a standard to go into effect.  
Where approval by an applicable governmental authority is not required, the 
standard shall become effective on the first day of the first calendar quarter that is 36 
months after the date the standard is adopted by the NERC Board of Trustees or as 
otherwise provided for in that jurisdiction. 

6. Background: 

MOD-033-1 exists in conjunction with MOD-032-1, both of which are related to 
system-level modeling and validation.  Reliability Standard MOD-032-1 is a 
consolidation and replacement of existing MOD-010-0, MOD-011-0, MOD-012-0, 
MOD-013-1, MOD-014-0, and MOD-015-0.1, and it requires data submission by 
applicable data owners to their respective Transmission Planners and Planning 
Coordinators to support the Interconnection-wide case building process in their 
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Interconnection.  Reliability Standard MOD-033-1 is a new standard, and it requires 
each Planning Coordinator to implement a documented process to perform model 
validation within its planning area.   

The transition and focus of responsibility upon the Planning Coordinator function in 
both standards are driven by several recommendations and FERC directives (to 
include several remaining directives from FERC Order No. 693), which are discussed in 
greater detail in the rationale sections of the standards.  One of the most recent and 
significant set of recommendations came from the NERC Planning Committee’s 
System Analysis and Modeling Subcommittee (SAMS).  SAMS proposed several 
improvements to the modeling data standards, to include consolidation of the 
standards (that whitepaper is available from the December 2012 NERC Planning 
Committee’s agenda package, item 3.4, beginning on page 99, here: 
http://www.nerc.com/comm/PC/Agendas%20Highlights%20and%20Minutes%20DL/2
012/2012_Dec_PC%20Agenda.pdf). 

 The focus of validation in this standard is not Interconnection-wide phenomena, but 
on the Planning Coordinator’s portion of the existing system.  The Reliability Standard 
requires Planning Coordinators to implement a documented data validation process 
for power flow and dynamics.  For the dynamics validation, the target of validation is 
those events that the Planning Coordinator determines are dynamic local events.   A 
dynamic local event could include such things as closing a transmission line near a 
generating plant.  A dynamic local event is a disturbance on the power system that 
produces some measurable transient response, such as oscillations. It could involve 
one small area of the system or a generating plant oscillating against the rest of the 
grid. The rest of the grid should not have a significant effect. Oscillations involving 
large areas of the grid are not local events.  However, a dynamic local event could also 
be a subset of a larger disturbance involving large areas of the grid.   

 

B. Requirements and Measures 
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Rationale for R1:  

In FERC Order No. 693, paragraph 1210, the Commission directed inclusion of “a 
requirement that the models be validated against actual system responses.”  Furthermore, 
the Commission directs in paragraph 1211, “that actual system events be simulated and if 
the model output is not within the accuracy required, the model shall be modified to 
achieve the necessary accuracy.”  Paragraph 1220 similarly directs validation against actual 
system responses relative to dynamics system models. In FERC Order 890, paragraph 290, 
the Commission states that “the models should be updated and benchmarked to actual 
events.” Requirement R1 addresses these directives.     

Requirement R1 requires the Planning Coordinator to implement a documented data 
validation process to validate data in the Planning Coordinator’s portion of the existing 
system in the steady-state and dynamic models to compare performance against expected 
behavior or response, which is consistent with the Commission directives.  The validation 
of the full Interconnection-wide cases is left up to the Electric Reliability Organization (ERO) 
or its designees, and is not addressed by this standard. The following items were chosen for 
the validation requirement: 

A. Comparison of performance of the existing system in a planning power flow model to 
actual system behavior; and 

B. Comparison of the performance of the existing system in a planning dynamics model to 
actual system response. 

Implementation of these validations will result in more accurate power flow and dynamic 
models. This, in turn, should result in better correlation between system flows and voltages 
seen in power flow studies and the actual values seen by system operators during outage 
conditions. Similar improvements should be expected for dynamics studies, such that the 
results will more closely match the actual responses of the power system to disturbances. 

Validation of model data is a good utility practice, but it does not easily lend itself to 
Reliability Standards requirement language.  Furthermore, it is challenging to determine 
specifications for thresholds of disturbances that should be validated and how they are 
determined.  Therefore, this requirement focuses on the Planning Coordinator performing 
validation pursuant to its process, which must include the attributes listed in parts 1.1 
through 1.4, without specifying the details of “how” it must validate, which is necessarily 
dependent upon facts and circumstances. Other validations are best left to guidance rather 
than standard requirements.   
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R1. Each Planning Coordinator shall implement a documented data validation process  
that includes the following attributes: [Violation Risk Factor: Medium] [Time Horizon: 
Long-term Planning] 

1.1. Comparison of the performance of the Planning Coordinator’s portion of the 
existing system in a planning power flow model to actual system behavior, 
represented by a state estimator case or other Real-time data sources, at least 
once every 24 calendar months through simulation;  

1.2. Comparison of the performance of the Planning Coordinator’s portion of the 
existing system in a planning dynamic model to actual system response, through 
simulation of a dynamic local event, at least once every 24 calendar months (use 
a dynamic local event that occurs within 24 calendar months of the last dynamic 
local event used in comparison, and complete each comparison within 24 
calendar months of the dynamic local event).  If no dynamic local event occurs 
within the 24 calendar months, use the next dynamic local event that occurs;  

1.3. Guidelines the Planning Coordinator will use to determine unacceptable 
differences in performance under Part 1.1 or 1.2; and  

1.4. Guidelines to resolve the unacceptable differences in performance identified 
under Part 1.3. 

M1. Each Planning Coordinator shall provide evidence that it has a documented validation 
process according to Requirement R1 as well as evidence that demonstrates the 
implementation of the required components of the process. 

 

R2. Each Reliability Coordinator and Transmission Operator shall provide actual system 
behavior data (or a written response that it does not have the requested data) to any 
Planning Coordinator performing validation under Requirement R1 within 30 calendar 
days of a written request, such as, but not limited to, state estimator case or other 
Real-time data (including disturbance data recordings) necessary for actual system 
response validation. [Violation Risk Factor: Lower] [Time Horizon: Long-term Planning] 

Rationale for R2:   

The Planning Coordinator will need actual system behavior data in order to perform the 
validations required in R1. The Reliability Coordinator or Transmission Operator may have 
this data. Requirement R2 requires the Reliability Coordinator and Transmission Operator to 
supply actual system data, if it has the data, to any requesting Planning Coordinator for 
purposes of model validation under Requirement R1. 

This could also include information the Reliability Coordinator or Transmission Operator has 
at a field site.  For example, if a PMU or DFR is at a generator site and it is recording the 
disturbance, the Reliability Coordinator or Transmission Operator would typically have that 
data. 
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M2. Each Reliability Coordinator and Transmission Operator shall provide evidence, such 
as email notices or postal receipts showing recipient and date that it has distributed 
the requested data or written response that it does not have the data, to any Planning 
Coordinator performing validation under Requirement R1 within 30 days of a written 
request in accordance with Requirement R2; or a statement by the Reliability 
Coordinator or Transmission Operator that it has not received notification regarding 
data necessary for validation by any Planning Coordinator.  
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C. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

“Compliance Enforcement Authority” means NERC or the Regional Entity in their 
respective roles of monitoring and enforcing compliance with the NERC 
Reliability Standards. 

1.2. Evidence Retention  

The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance. For instances 
where the evidence retention period specified below is shorter than the time 
since the last audit, the Compliance Enforcement Authority may ask an entity to 
provide other evidence to show that it was compliant for the full time period 
since the last audit. 

The applicable entity shall keep data or evidence to show compliance with 
Requirements R1 through R2, and Measures M1 through M2, since the last audit, 
unless directed by its Compliance Enforcement Authority to retain specific 
evidence for a longer period of time as part of an investigation. 

If an applicable entity is found non-compliant, it shall keep information related 
to the non-compliance until mitigation is complete and approved, or for the time 
specified above, whichever is longer. 

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

1.3. Compliance Monitoring and Assessment Processes: 

Refer to Section 3.0 of Appendix 4C of the NERC Rules of Procedure for a list of 
compliance monitoring and assessment processes. 

1.4. Additional Compliance Information 

None 
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Table of Compliance Elements 

R # Time Horizon VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Long-term 
Planning 

Medium The Planning 
Coordinator 
documented and 
implemented a 
process to validate 
data but did not 
address one of the 
four required topics 
under Requirement 
R1;  

OR 

The Planning 
Coordinator did not 
perform simulation as 
required by part 1.1 
within 24 calendar 
months but did 
perform the 
simulation within 28 
calendar months; 

OR 

The Planning 
Coordinator did not 
perform simulation as 

The Planning 
Coordinator 
documented and 
implemented a 
process to validate 
data but did not 
address two of the 
four required topics 
under Requirement 
R1;  

OR 

The Planning 
Coordinator did not 
perform simulation as 
required by part 1.1 
within 24 calendar 
months but did 
perform the 
simulation in greater 
than 28 calendar 
months but less than 
or equal to 32 
calendar months; 

OR 

The Planning 
Coordinator 
documented and 
implemented a 
process to validate 
data but did not 
address three of the 
four required topics 
under Requirement 
R1; 

OR 

The Planning 
Coordinator did not 
perform simulation as 
required by part 1.1 
within 24 calendar 
months but did 
perform the 
simulation in greater 
than 32 calendar 
months but less than 
or equal to 36 
calendar months; 

OR 

The Planning 
Coordinator did not 
have a validation 
process at all or did 
not document or 
implement any of the 
four required topics 
under Requirement 
R1; 

OR 

The Planning 
Coordinator did not 
validate its portion of 
the system in the 
power flow model as 
required by part 1.1 
within 36 calendar 
months; 

OR 

The Planning 
Coordinator did not 
perform simulation as 
required by part 1.2 
within 36 calendar 
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required by part 1.2 
within 24 calendar 
months (or the next 
dynamic local event in 
cases where there is 
more than 24 months 
between events) but 
did perform the 
simulation within 28 
calendar months. 

 

 

The Planning 
Coordinator did not 
perform simulation as 
required by part 1.2 
within 24 calendar 
months (or the next 
dynamic local event in 
cases where there is 
more than 24 months 
between events) but 
did perform the 
simulation in greater 
than 28 calendar 
months but less than 
or equal to 32 
calendar months. 

 

The Planning 
Coordinator did not 
perform simulation as 
required by part 1.2 
within 24 calendar 
months (or the next 
dynamic local event in 
cases where there is 
more than 24 months 
between events) but 
did perform the 
simulation in greater 
than 32 calendar 
months but less than 
or equal to 36 
calendar months. 

months (or the next 
dynamic local event in 
cases where there is 
more than 24 months 
between events). 

R2 Long-term 
Planning 

Lower The Reliability 
Coordinator or 
Transmission Operator 
did not provide 
requested actual 
system behavior data 
(or a written response 
that it does not have 
the requested data) to 
a requesting Planning 
Coordinator within 30 
calendar days of the 
written request, but 

The Reliability 
Coordinator or 
Transmission Operator 
did not provide 
requested actual 
system behavior data 
(or a written response 
that it does not have 
the requested data) to 
a requesting Planning 
Coordinator within 30 
calendar days of the 
written request, but 

The Reliability 
Coordinator or 
Transmission Operator 
did not provide 
requested actual 
system behavior data 
(or a written response 
that it does not have 
the requested data) to 
a requesting Planning 
Coordinator within 30 
calendar days of the 
written request, but 

The Reliability 
Coordinator or 
Transmission Operator 
did not provide 
requested actual 
system behavior data 
(or a written response 
that it does not have 
the requested data) to 
a requesting Planning 
Coordinator within 75 
calendar days; 
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did provide the data 
(or written response 
that it does not have 
the requested data) in 
less than or equal to 
45 calendar days. 

did provide the data 
(or written response 
that it does not have 
the requested data) in 
greater than 45 
calendar days but less 
than or equal to 60 
calendar days. 

did provide the data 
(or written response 
that it does not have 
the requested data) in 
greater than 60 
calendar days but less 
than or equal to 75 
calendar days. 

OR 

The Reliability 
Coordinator or 
Transmission Operator 
provided a written 
response that it does 
not have the 
requested data, but 
actually had the data. 

 

 

D. Regional Variances 

None. 

E. Interpretations 

None. 

F. Associated Documents 

None. 
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Guidelines and Technical Basis 

Requirement R1:  

The requirement focuses on the results-based outcome of developing a process for and 
performing a validation, but does not prescribe a specific method or procedure for the 
validation outside of the attributes specified in the requirement. For further information on 
suggested validation procedures, see “Procedures for Validation of Powerflow and Dynamics 
Cases” produced by the NERC Model Working Group. 

The specific process is left to the judgment of the Planning Coordinator, but the Planning 
Coordinator is required to develop and include in its process guidelines for evaluating 
discrepancies between actual system behavior or response and expected system performance 
for determining whether the discrepancies are unacceptable.  

For the validation in part 1.1, the state estimator case or other Real-time data should be taken 
as close to system peak as possible. However, other snapshots of the system could be used if 
deemed to be more appropriate by the Planning Coordinator.  While the requirement specifies 
“once every 24 calendar months,” entities are encouraged to perform the comparison on a 
more frequent basis.   

In performing the comparison required in part 1.1, the Planning Coordinator may consider, 
among other criteria: 

1. System load; 

2. Transmission topology and parameters; 

3. Voltage at major buses; and  

4. Flows on major transmission elements. 

The validation in part 1.1 would include consideration of the load distribution and load power 
factors (as applicable) used in the power flow models.  The validation may be made using 
metered load data if state estimator cases are not available. The comparison of system load 
distribution and load power factors shall be made on an aggregate company or power flow 
zone level at a minimum but may also be made on a bus by bus, load pocket (e.g., within a 
Balancing Authority), or smaller area basis as deemed appropriate by the Planning Coordinator. 

The scope of dynamics model validation is intended to be limited, for purposes of part 1.2, to 
the Planning Coordinator’s planning area, and the intended emphasis under the requirement is 
on local events or local phenomena, not the whole Interconnection. 

The validation required in part 1.2 may include simulations that are to be compared with actual 
system data and may include comparisons of: 

• Voltage oscillations at major buses 

• System frequency (for events with frequency excursions) 

• Real and reactive power oscillations on generating units and major inter-area ties 
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Determining when a dynamic local event might occur may be unpredictable, and because of the 
analytic complexities involved in simulation, the time parameters in part 1.2 specify that the 
comparison period of “at least once every 24 calendar months” is intended to both provide for 
at least 24 months between dynamic local events used in the comparisons and that 
comparisons must be completed within 24 months of the date of the dynamic local event used.  
This clarification ensures that PCs will not face a timing scenario that makes it impossible to 
comply.  If the time referred to the completion time of the comparison, it would be possible for 
an event to occur in month 23 since the last comparison, leaving only one month to complete 
the comparison.  With the 30 day timeframe in Requirement R2 for TOPs or RCs to provide 
actual system behavior data (if necessary in the comparison), it would potentially be impossible 
to complete the comparison within the 24 month timeframe.   

In contrast, the requirement language clarifies that the time frame between dynamic local 
events used in the comparisons should be within 24 months of each other (or, as specified at 
the end of part 1.2, in the event more than 24 months passes before the next dynamic local 
event, the comparison should use the next dynamic local event that occurs).  Each comparison 
must be completed within 24 months of the dynamic local event used.  In this manner, the 
potential problem with a “month 23” dynamic local event described above is resolved.  For 
example, if a PC uses for comparison a dynamic local event occurring on day 1 of month 1, the 
PC has 24 calendar months from that dynamic local event’s occurrence to complete the 
comparison.  If the next dynamic event the PC chooses for comparison occurs in month 23, the 
PC has 24 months from that dynamic local event’s occurrence to complete the comparison.   

Part 1.3 requires the PC to include guidelines in its documented validation process for 
determining when discrepancies in the comparison of simulation results with actual system 
results are unacceptable.  The PC may develop the guidelines required by parts 1.3 and 1.4 
itself, reference other established guidelines, or both.  For the power flow comparison, as an 
example, this could include a guideline the Planning Coordinator will use that flows on 500 kV 
lines should be within 10% or 100 MW, whichever is larger. It could be different percentages or 
MW amounts for different voltage levels. Or, as another example, the guideline for voltage 
comparisons could be that it must be within 1%.  But the guidelines the PC includes within its 
documented validation process should be meaningful for the Planning Coordinator’s system. 
Guidelines for the dynamic event comparison may be less precise.  Regardless, the comparison 
should indicate that the conclusions drawn from the two results should be consistent.  For 
example, the guideline could state that the simulation result will be plotted on the same graph 
as the actual system response. Then the two plots could be given a visual inspection to see if 
they look similar or not. Or a guideline could be defined such that the rise time of the transient 
response in the simulation should be within 20% of the rise time of the actual system response.  
As for the power flow guidelines, the dynamic comparison criteria should be meaningful for the 
Planning Coordinator’s system. 

The guidelines the PC includes in its documented validation process to resolve differences in 
Part 1.4 could include direct coordination with the data owner, and, if necessary, through the 
provisions of MOD-032-1, Requirement R3 (i.e., the validation performed under this 
requirement could identify technical concerns with the data).   In other words, while this 
standard is focused on validation, results of the validation may identify data provided under the 
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modeling data standard that needs to be corrected. If a model with estimated data or a generic 
model is used for a generator, and the model response does not match the actual response, 
then the estimated data should be corrected or a more detailed model should be requested 
from the data provider. 

While the validation is focused on the Planning Coordinator’s planning area, the model for the 
validation should be one that contains a wider area of the Interconnection than the Planning 
Coordinator’s area. If the simulations can be made to match the actual system responses by 
reasonable changes to the data in the Planning Coordinator’s area, then the Planning 
Coordinator should make those changes in coordination with the data provider. However, for 
some disturbances, the data in the Planning Coordinator’s area may not be what is causing the 
simulations to not match actual responses. These situations should be reported to the Electric 
Reliability Organization (ERO). The guidelines the Planning Coordinator includes under Part 1.4 
could cover these situations. 
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Standard Development Timeline 

 

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. Standards Authorization Request (SAR) posted for comment from August 19, 2010, 

through September 19, 2010. 

2. Standards Committee (SC) authorized moving the SAR forward into standard 
development on August 12, 2010. 

3. SC authorized initial posting of Draft 1 on April 24, 2014. 

4. Draft 1 of PRC-026-1 was posted for a 45-day formal comment period from April 25 – 
June 9, 2014, with a concurrent/parallel initial ballot in the last ten days of the comment 
period from May 30 – June 9, 2014. 

5. Draft 2 of PRC-026-1 was posted for an additional 45-day formal comment period from 
August 22 – October 6, 2014 with a concurrent/parallel additional ballot in the last ten 
days of the comment period from September 26 – October 6, 2014. 

6. SC authorized a waiver of the Standards Process Manual on October 22, 2014 to reduce 
the Draft 3 additional formal comment period of PRC-026-1 from 45 days to 21 days 
with a concurrent/additional ballot period in the last ten days of the comment period. 

7. Draft 3 of PRC-026-1 was posted for an additional 21-day formal comment period from 
November 4 – November 24, 2014 with a concurrent/parallel additional ballot in the last 
ten days of the comment period from November 14 – November 24, 2014 

 

Description of Current Draft 
The Protection System Response to Power Swings Standard Drafting Team (PSRPS SDT) is 
posting Draft 4 of PRC-026-1 – Relay Performance During Stable Power Swings for a 10-day final 
ballot. 

 

Anticipated Actions Anticipated Date 

45-day Formal Comment Period with Concurrent/Parallel Initial 10-day 
Ballot 

April 2014 

45-day Formal Comment Period with Concurrent/Parallel Additional 10-
day Ballot 

August 2014 

Project 2010-13.3 – Phase 3 Relay Loadability (Draft 4: December 5, 2014) Page 1 of 87 



PRC-026-1 — Relay Performance During Stable Power Swings 

Anticipated Actions Anticipated Date 

21-day Formal Comment Period with Concurrent/Parallel Additional 10-
day Ballot (Standards Committee authorized a waiver of the Standards 
Process Manual, October 22, 2014) 

November 2014 

Final Ballot December 2014 

NERC Board of Trustees Adoption December 2014 

 

Version History 

Version Date Action Change 
Tracking 

1.0 TBD Effective Date New 
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Definitions of Terms Used in Standard 
This section includes all newly defined or revised terms used in the proposed standard. Terms 
already defined in the Glossary of Terms Used in Reliability Standards (Glossary) are not repeated 
here. New or revised definitions listed below become approved when the proposed standard is 
approved. When the standard becomes effective, these defined terms will be removed from the 
individual standard and added to the Glossary. 
 

Term: None. 
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When this standard has received ballot approval, the rationale boxes will be moved to the 
Application Guidelines Section of the standard. 
 

A. Introduction 
1. Title:  Relay Performance During Stable Power Swings  
2. Number: PRC-026-1 
3. Purpose: To ensure that load-responsive protective relays are expected to not trip in 

response to stable power swings during non-Fault conditions. 

4. Applicability: 
4.1. Functional Entities: 

4.1.1 Generator Owner that applies load-responsive protective relays as 
described in PRC-026-1 – Attachment A at the terminals of the Elements 
listed in Section 4.2, Facilities. 

4.1.2 Planning Coordinator. 

4.1.3 Transmission Owner that applies load-responsive protective relays as 
described in PRC-026-1 – Attachment A at the terminals of the Elements 
listed in Section 4.2, Facilities. 

4.2. Facilities: The following Elements that are part of the Bulk Electric System 
(BES): 
4.2.1 Generators. 

4.2.2 Transformers. 

4.2.3 Transmission lines. 

5. Background: 
This is the third phase of a three-phased standard development project that focused on 
developing this new Reliability Standard to address protective relay operations due to 
stable power swings. The March 18, 2010, Federal Energy Regulatory Commission 
(FERC) Order No. 733 approved Reliability Standard PRC-023-1 – Transmission Relay 
Loadability. In that Order, FERC directed NERC to address three areas of relay loadability 
that include modifications to the approved PRC-023-1, development of a new Reliability 
Standard to address generator protective relay loadability, and a new Reliability Standard 
to address the operation of protective relays due to stable power swings. This project’s 
SAR addresses these directives with a three-phased approach to standard development. 

Phase 1 focused on making the specific modifications from FERC Order No. 733 to PRC-
023-1. Reliability Standard PRC-023-2, which incorporated these modifications, became 
mandatory on July 1, 2012. 

Phase 2 focused on developing a new Reliability Standard, PRC-025-1 – Generator Relay 
Loadability, to address generator protective relay loadability. PRC-025-1 became 
mandatory on October 1, 2014, along with PRC-023-3, which was modified to harmonize 
PRC-023-2 with PRC-025-1. 
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Phase 3 focuses on preventing protective relays from tripping unnecessarily due to stable 
power swings by requiring identification of Elements on which a stable or unstable power 
swing may affect Protection System operation, assessment of the security of load-
responsive protective relays to tripping in response to only a stable power swing, and 
implementation of Corrective Action Plans (CAP), where necessary. Phase 3 improves 
security of load-responsive protective relays for stable power swings so they are expected 
to not trip in response to stable power swings during non-Fault conditions while 
maintaining dependable fault detection and dependable out-of-step tripping. 

6. Effective Dates: 
Requirement R1 
First day of the first full calendar year that is 12 months after the date that the standard is 
approved by an applicable governmental authority or as otherwise provided for in a 
jurisdiction where approval by an applicable governmental authority is required for a 
standard to go into effect. Where approval by an applicable governmental authority is not 
required, the standard shall become effective on the first day of the first full calendar year 
that is 12 months after the date the standard is adopted by the NERC Board of Trustees or 
as otherwise provided for in that jurisdiction. 

Requirements R2, R3, and R4 
First day of the first full calendar year that is 36 months after the date that the standard is 
approved by an applicable governmental authority or as otherwise provided for in a 
jurisdiction where approval by an applicable governmental authority is required for a 
standard to go into effect. Where approval by an applicable governmental authority is not 
required, the standard shall become effective on the first day of the first full calendar year 
that is 36 months after the date the standard is adopted by the NERC Board of Trustees or 
as otherwise provided for in that jurisdiction. 
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B. Requirements and Measures 
R1. Each Planning Coordinator shall, at least once each calendar year, provide notification 

of each generator, transformer, and transmission line BES Element in its area that 
meets one or more of the following criteria, if any, to the respective Generator Owner 
and Transmission Owner: [Violation Risk Factor: Medium] [Time Horizon: Long-term 
Planning] 

Criteria: 

1. Generator(s) where an angular stability constraint exists that is addressed by a 
System Operating Limit (SOL) or a Remedial Action Scheme (RAS) and those 
Elements terminating at the Transmission station associated with the generator(s). 

2. An Element that is monitored as part of an SOL identified by the Planning 
Coordinator’s methodology1 based on an angular stability constraint. 

3. An Element that forms the boundary of an island in the most recent 
underfrequency load shedding (UFLS) design assessment based on application of 
the Planning Coordinator’s criteria for identifying islands, only if the island is 
formed by tripping the Element due to angular instability. 

4. An Element identified in the most recent annual Planning Assessment where relay 
tripping occurs due to a stable or unstable2 power swing during a simulated 
disturbance. 

M1. Each Planning Coordinator shall have dated evidence that demonstrates notification of 
the generator, transformer, and transmission line BES Element(s) that meet one or 
more of the criteria in Requirement R1, if any, to the respective Generator Owner and 
Transmission Owner. Evidence may include, but is not limited to, the following 
documentation: emails, facsimiles, records, reports, transmittals, lists, or spreadsheets. 

 

Rationale for R1: The Planning Coordinator has a wide-area view and is in the position to 
identify generator, transformer, and transmission line BES Elements which meet the criteria, if 
any. The criteria-based approach is consistent with the NERC System Protection and Control 
Subcommittee (SPCS) technical document Protection System Response to Power Swings, 
August 2013 (“PSRPS Report”),3 which recommends a focused approach to determine an at-
risk BES Element. See the Guidelines and Technical Basis for a detailed discussion of the 
criteria. 

1 NERC Reliability Standard FAC-014-2 – Establish and Communicate System Operating Limits, Requirement R3. 
2 An example of an unstable power swing is provided in the Guidelines and Technical Basis section, “Justification 
for Including Unstable Power Swings in the Requirements section of the Guidelines and Technical Basis.” 
3 NERC System Protection and Control Subcommittee, Protection System Response to Power Swings, August 2013: 
http://www.nerc.com/comm/PC/System%20Protection%20and%20Control%20Subcommittee%20SPCS%2020/SPC
S%20Power%20Swing%20Report_Final_20131015.pdf) 
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R2. Each Generator Owner and Transmission Owner shall: [Violation Risk Factor: High] 
[Time Horizon: Operations Planning] 

2.1 Within 12 full calendar months of notification of a BES Element pursuant to 
Requirement R1, determine whether its load-responsive protective relay(s) 
applied to that BES Element meets the criteria in PRC-026-1 – Attachment B 
where an evaluation of that Element’s load-responsive protective relay(s) based 
on PRC-026-1 – Attachment B criteria has not been performed in the last five 
calendar years. 

2.2 Within 12 full calendar months of becoming aware4 of a generator, transformer, 
or transmission line BES Element that tripped in response to a stable or unstable5 
power swing due to the operation of its protective relay(s), determine whether its 
load-responsive protective relay(s) applied to that BES Element meets the criteria 
in PRC-026-1 – Attachment B. 

M2. Each Generator Owner and Transmission Owner shall have dated evidence that 
demonstrates the evaluation was performed according to Requirement R2. Evidence 
may include, but is not limited to, the following documentation: apparent impedance 
characteristic plots, email, design drawings, facsimiles, R-X plots, software output, 
records, reports, transmittals, lists, settings sheets, or spreadsheets. 

 

Rationale for R2: The Generator Owner and Transmission Owner are in a position to determine 
whether their load-responsive protective relays meet the PRC-026-1 – Attachment B criteria. 
Generator, transformer, and transmission line BES Elements are identified by the Planning 
Coordinator in Requirement R1 and by the Generator Owner and Transmission Owner 
following an actual event where the Generator Owner and Transmission Owner became aware 
(i.e., through an event analysis or Protection System review) tripping was due to a stable or 
unstable power swing. A period of 12 calendar months allows sufficient time for the entity to 
conduct the evaluation. 

 

4 Some examples of the ways an entity may become aware of a power swing are provided in the Guidelines and 
Technical Basis section, “Becoming Aware of an Element That Tripped in Response to a Power Swing.” 
5 An example of an unstable power swing is provided in the Guidelines and Technical Basis section, “Justification 
for Including Unstable Power Swings in the Requirements section of the Guidelines and Technical Basis.” 
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R3. Each Generator Owner and Transmission Owner shall, within six full calendar months 
of determining a load-responsive protective relay does not meet the PRC-026-1 – 
Attachment B criteria pursuant to Requirement R2, develop a Corrective Action Plan 
(CAP) to meet one of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operations Planning] 

• The Protection System meets the PRC-026-1 – Attachment B criteria, while 
maintaining dependable fault detection and dependable out-of-step tripping (if out-
of-step tripping is applied at the terminal of the BES Element); or 

• The Protection System is excluded under the PRC-026-1 – Attachment A criteria 
(e.g., modifying the Protection System so that relay functions are supervised by 
power swing blocking or using relay systems that are immune to power swings), 
while maintaining dependable fault detection and dependable out-of-step tripping 
(if out-of-step tripping is applied at the terminal of the BES Element). 

M3. The Generator Owner and Transmission Owner shall have dated evidence that 
demonstrates the development of a CAP in accordance with Requirement R3. Evidence 
may include, but is not limited to, the following documentation: corrective action 
plans, maintenance records, settings sheets, project or work management program 
records, or work orders. 

 

Rationale for R3: To meet the reliability purpose of the standard, a CAP is necessary to ensure 
the entity’s Protection System meets the PRC-026-1 – Attachment B criteria (1st bullet) so that 
protective relays are expected to not trip in response to stable power swings. A CAP may also 
be developed to modify the Protection System for exclusion under PRC-026-1 – Attachment A 
(2nd bullet). Such an exclusion will allow the Protection System to be exempt from the 
Requirement for future events. The phrase, “…while maintaining dependable fault detection 
and dependable out-of-step tripping…” in Requirement R3 describes that the entity is to comply 
with this standard, while achieving their desired protection goals. Refer to the Guidelines and 
Technical Basis, Introduction, for more information. 

 

R4. Each Generator Owner and Transmission Owner shall implement each CAP developed 
pursuant to Requirement R3 and update each CAP if actions or timetables change until 
all actions are complete. [Violation Risk Factor: Medium][Time Horizon: Long-Term 
Planning] 

M4. The Generator Owner and Transmission Owner shall have dated evidence that 
demonstrates implementation of each CAP according to Requirement R4, including 
updates to the CAP when actions or timetables change. Evidence may include, but is 
not limited to, the following documentation: corrective action plans, maintenance 
records, settings sheets, project or work management program records, or work orders. 
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Rationale for R4: Implementation of the CAP must accomplish all identified actions to be 
complete to achieve the desired reliability goal. During the course of implementing a CAP, 
updates may be necessary for a variety of reasons such as new information, scheduling conflicts, 
or resource issues. Documenting CAP changes and completion of activities provides measurable 
progress and confirmation of completion. 

 

C. Compliance 
1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 
As defined in the NERC Rules of Procedure, “Compliance Enforcement Authority” 
(CEA) means NERC or the Regional Entity in their respective roles of monitoring 
and enforcing compliance with the NERC Reliability Standards. 

1.2. Evidence Retention 
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance. For instances where 
the evidence retention period specified below is shorter than the time since the last 
audit, the CEA may ask an entity to provide other evidence to show that it was 
compliant for the full time period since the last audit. 

The Generator Owner, Planning Coordinator, and Transmission Owner shall keep 
data or evidence to show compliance as identified below unless directed by its CEA 
to retain specific evidence for a longer period of time as part of an investigation. 

• The Planning Coordinator shall retain evidence of Requirement R1 for a 
minimum of one calendar year following the completion of the 
Requirement. 

• The Generator Owner and Transmission Owner shall retain evidence of 
Requirement R2 evaluation for a minimum of 12 calendar months following 
completion of each evaluation where a CAP is not developed. 

• The Generator Owner and Transmission Owner shall retain evidence of 
Requirements R2, R3, and R4 for a minimum of 12 calendar months 
following completion of each CAP. 

If a Generator Owner, Planning Coordinator, or Transmission Owner is found non-
compliant, it shall keep information related to the non-compliance until mitigation 
is complete and approved, or for the time specified above, whichever is longer. 

The CEA shall keep the last audit records and all requested and submitted 
subsequent audit records. 
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1.3. Compliance Monitoring and Assessment Processes: 
As defined in the NERC Rules of Procedure; “Compliance Monitoring and 
Assessment Processes” refers to the identification of the processes that will be used 
to evaluate data or information for the purpose of assessing performance or 
outcomes with the associated reliability standard. 

1.4. Additional Compliance Information 
None. 
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Table of Compliance Elements 

R# Time 
Horizon VRF 

Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Long-term 
Planning 

Medium The Planning 
Coordinator provided 
notification of the 
BES Element(s) in 
accordance with 
Requirement R1, but 
was less than or equal 
to 30 calendar days 
late. 

The Planning 
Coordinator provided 
notification of the 
BES Element(s) in 
accordance with 
Requirement R1, but 
was more than 30 
calendar days and less 
than or equal to 60 
calendar days late. 

The Planning 
Coordinator provided 
notification of the 
BES Element(s) in 
accordance with 
Requirement R1, but 
was more than 60 
calendar days and less 
than or equal to 90 
calendar days late. 

The Planning 
Coordinator provided 
notification of the 
BES Element(s) in 
accordance with 
Requirement R1, but 
was more than 90 
calendar days late. 

OR 

The Planning 
Coordinator failed to 
provide notification 
of the BES 
Element(s) in 
accordance with 
Requirement R1. 
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R# Time 
Horizon VRF 

Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R2 Operations 
Planning 

High The Generator Owner 
or Transmission 
Owner evaluated its 
load-responsive 
protective relay(s) in 
accordance with 
Requirement R2, but 
was less than or equal 
to 30 calendar days 
late. 

The Generator Owner 
or Transmission 
Owner evaluated its 
load-responsive 
protective relay(s) in 
accordance with 
Requirement R2, but 
was more than 30 
calendar days and less 
than or equal to 60 
calendar days late. 

The Generator Owner 
or Transmission 
Owner evaluated its 
load-responsive 
protective relay(s) in 
accordance with 
Requirement R2, but 
was more than 60 
calendar days and less 
than or equal to 90 
calendar days late. 

The Generator Owner 
or Transmission 
Owner evaluated its 
load-responsive 
protective relay(s) in 
accordance with 
Requirement R2, but 
was more than 90 
calendar days late. 

OR 

The Generator Owner 
or Transmission 
Owner failed to 
evaluate its load-
responsive protective 
relay(s) in accordance 
with Requirement R2. 
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R# Time 
Horizon VRF 

Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R3 Long-term 
Planning 

Medium The Generator Owner 
or Transmission 
Owner developed a 
Corrective Action 
Plan (CAP) in 
accordance with 
Requirement R3, but 
in more than six 
calendar months and 
less than or equal to 
seven calendar 
months. 

The Generator Owner 
or Transmission 
Owner developed a 
Corrective Action 
Plan (CAP) in 
accordance with 
Requirement R3, but 
in more than seven 
calendar months and 
less than or equal to 
eight calendar 
months. 

The Generator Owner 
or Transmission 
Owner developed a 
Corrective Action 
Plan (CAP) in 
accordance with 
Requirement R3, but 
in more than eight 
calendar months and 
less than or equal to 
nine calendar months. 

The Generator Owner 
or Transmission 
Owner developed a 
Corrective Action 
Plan (CAP) in 
accordance with 
Requirement R3, but 
in more than nine 
calendar months. 

OR 

The Generator Owner 
or Transmission 
Owner failed to 
develop a CAP in 
accordance with 
Requirement R3. 

R4 Long-term 
Planning 

Medium The Generator Owner 
or Transmission 
Owner implemented a 
Corrective Action 
Plan (CAP), but failed 
to update a CAP when 
actions or timetables 
changed, in 
accordance with 
Requirement R4. 

N/A N/A 

The Generator Owner 
or Transmission 
Owner failed to 
implement a 
Corrective Action 
Plan (CAP) in 
accordance with 
Requirement R4. 
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D. Regional Variances 

None. 

 

E. Interpretations 
None. 

 

F. Associated Documents 
Applied Protective Relaying, Westinghouse Electric Corporation, 1979.  

Burdy, John, Loss-of-excitation Protection for Synchronous Generators GER-3183, General 
Electric Company. 

IEEE Power System Relaying Committee WG D6, Power Swing and Out-of-Step 
Considerations on Transmission Lines, July 2005: http://www.pes-psrc.org/Reports 
/Power%20Swing%20and%20OOS%20Considerations%20on%20Transmission%20
Lines%20F..pdf. 

Kimbark Edward Wilson, Power System Stability, Volume II: Power Circuit Breakers and 
Protective Relays, Published by John Wiley and Sons, 1950. 

Kundur, Prabha, Power System Stability and Control, 1994, Palo Alto: EPRI, McGraw Hill, 
Inc. 

NERC System Protection and Control Subcommittee, Protection System Response to Power 
Swings, August 2013: http://www.nerc.com/comm/PC/System%20Protection%20 
and%20Control%20Subcommittee%20SPCS%2020/SPCS%20Power%20Swing%20
Report_Final_20131015.pdf. 

Reimert, Donald, Protective Relaying for Power Generation Systems, 2006, Boca Raton: CRC 
Press.  
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PRC-026-1 — Relay Performance During Stable Power Swings 

PRC-026-1 – Attachment A 
This standard applies to any protective functions which could trip instantaneously or with a time 
delay of less than 15 cycles on load current (i.e., “load-responsive”) including, but not limited to: 

• Phase distance 
• Phase overcurrent 
• Out-of-step tripping 
• Loss-of-field 

The following protection functions are excluded from Requirements of this standard:  

• Relay elements supervised by power swing blocking 
• Relay elements that are only enabled when other relays or associated systems fail. For 

example:  
o Overcurrent elements that are only enabled during loss of potential conditions.  
o Relay elements that are only enabled during a loss of communications  

• Thermal emulation relays which are used in conjunction with dynamic Facility Ratings 
• Relay elements associated with direct current (dc) lines 
• Relay elements associated with dc converter transformers 
• Phase fault detector relay elements employed to supervise other load-responsive phase 

distance elements (i.e., in order to prevent false operation in the event of a loss of potential) 
• Relay elements associated with switch-onto-fault schemes 
• Reverse power relay on the generator 
• Generator relay elements that are armed only when the generator is disconnected from the 

system, (e.g., non-directional overcurrent elements used in conjunction with inadvertent 
energization schemes, and open breaker flashover schemes) 

• Current differential relay, pilot wire relay, and phase comparison relay 
• Voltage-restrained or voltage-controlled overcurrent relays 
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PRC-026-1 – Attachment B 
 

Criterion A: 

An impedance-based relay used for tripping is expected to not trip for a stable power swing, 
when the relay characteristic is completely contained within the unstable power swing region.6 
The unstable power swing region is formed by the union of three shapes in the impedance (R-
X) plane; (1) a lower loss-of-synchronism circle based on a ratio of the sending-end to 
receiving-end voltages of 0.7; (2) an upper loss-of-synchronism circle based on a ratio of the 
sending-end to receiving-end voltages of 1.43; (3) a lens that connects the endpoints of the 
total system impedance (with the parallel transfer impedance removed) bounded by varying 
the sending-end and receiving-end voltages from 0.0 to 1.0 per unit, while maintaining a 
constant system separation angle across the total system impedance where: 

1. The system separation angle is: 
• At least 120 degrees, or  
• An angle less than 120 degrees where a documented transient stability analysis 

demonstrates that the expected maximum stable separation angle is less than 120 
degrees. 

2. All generation is in service and all transmission BES Elements are in their normal 
operating state when calculating the system impedance. 

3. Saturated (transient or sub-transient) reactance is used for all machines. 

 

Rationale for Attachment B (Criterion A): The PRC-026-1 – Attachment B, Criterion A 
provides a basis for determining if the relays are expected to not trip for a stable power swing 
having a system separation angle of up to 120 degrees with the sending-end and receiving-end 
voltages varying from 0.7 to 1.0 per unit (See Guidelines and Technical Basis). 

  

6 Guidelines and Technical Basis, Figures 1 and 2. 
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PRC-026-1 – Attachment B 
 

Criterion B: 

The pickup of an overcurrent relay element used for tripping, that is above the calculated 
current value (with the parallel transfer impedance removed) for the conditions below: 

1. The system separation angle is: 
• At least 120 degrees, or  
• An angle less than 120 degrees where a documented transient stability analysis 

demonstrates that the expected maximum stable separation angle is less than 120 
degrees. 

2. All generation is in service and all transmission BES Elements are in their normal 
operating state when calculating the system impedance. 

3. Saturated (transient or sub-transient) reactance is used for all machines. 
4. Both the sending-end and receiving-end voltages at 1.05 per unit. 

 

Rationale for Attachment B (Criterion B): The PRC-026-1 – Attachment B, Criterion B 
provides a basis for determining if the relays are expected to not trip for a stable power swing 
having a system separation angle of up to 120 degrees with the sending-end and receiving-end 
voltages at 1.05 per unit (See Guidelines and Technical Basis). 

 

Project 2010-13.3 – Phase 3 Relay Loadability (Draft 4: December 5, 2014) Page 17 of 87 



PRC-026-1 – Application Guidelines 

Guidelines and Technical Basis 
 

Introduction 
The NERC System Protection and Control Subcommittee technical document, Protection System 
Response to Power Swings, August 2013,7 (“PSRPS Report” or “report”) was specifically prepared 
to support the development of this NERC Reliability Standard. The report provided a historical 
perspective on power swings as early as 1965 up through the approval of the report by the NERC 
Planning Committee. The report also addresses reliability issues regarding trade-offs between 
security and dependability of Protection Systems, considerations for this NERC Reliability 
Standard, and a collection of technical information about power swing characteristics and varying 
issues with practical applications and approaches to power swings. Of these topics, the report 
suggests an approach for this NERC Reliability Standard (“standard” or “PRC-026-1”) which is 
consistent with addressing three regulatory directives in the FERC Order No. 733. The first 
directive concerns the need for “…protective relay systems that differentiate between faults and 
stable power swings and, when necessary, phases out protective relay systems that cannot meet 
this requirement.”8 Second, is “…to develop a Reliability Standard addressing undesirable relay 
operation due to stable power swings.”9 The third directive “…to consider “islanding” strategies 
that achieve the fundamental performance for all islands in developing the new Reliability 
Standard addressing stable power swings”10 was considered during development of the standard. 

The development of this standard implements the majority of the approaches suggested by the 
report. However, it is noted that the Reliability Coordinator and Transmission Planner have not 
been included in the standard’s Applicability section (as suggested by the PSRPS Report). This is 
so that a single entity, the Planning Coordinator, may be the single source for identifying Elements 
according to Requirement R1. A single source will insure that multiple entities will not identify 
Elements in duplicate, nor will one entity fail to provide an Element because it believes the 
Element is being provided by another entity. The Planning Coordinator has, or has access to, the 
wide-area model and can correctly identify the Elements that may be susceptible to a stable or 
unstable power swing. Additionally, not including the Reliability Coordinator and Transmission 
Planner is consistent with the applicability of other relay loadability NERC Reliability Standards 
(e.g., PRC-023 and PRC-025). It is also consistent with the NERC Functional Model. 

The phrase, “while maintaining dependable fault detection and dependable out-of-step tripping” 
in Requirement R3, describes that the Generator Owner and Transmission Owner are to comply 
with this standard while achieving its desired protection goals. Load-responsive protective relays, 
as addressed within this standard, may be intended to provide a variety of backup protection 
functions, both within the generating unit or generating plant and on the transmission system, and 

7 NERC System Protection and Control Subcommittee, Protection System Response to Power Swings, August 2013: 
http://www.nerc.com/comm/PC/System%20Protection%20and%20Control%20Subcommittee%20SPCS%2020/SPC
S%20Power%20Swing%20Report_Final_20131015.pdf) 
8 Transmission Relay Loadability Reliability Standard, Order No. 733, P.150 FERC ¶ 61,221 (2010). 
9 Ibid. P.153. 
10 Ibid. P.162. 
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this standard is not intended to result in the loss of these protection functions. Instead, the 
Generator Owner and Transmission Owner must consider both the Requirements within this 
standard and its desired protection goals and perform modifications to its protective relays or 
protection philosophies as necessary to achieve both. 

 

Power Swings 
The IEEE Power System Relaying Committee WG D6 developed a technical document called 
Power Swing and Out-of-Step Considerations on Transmission Lines (July 2005) that provides 
background on power swings. The following are general definitions from that document:11 

Power Swing: a variation in three phase power flow which occurs when the generator rotor 
angles are advancing or retarding relative to each other in response to changes in load 
magnitude and direction, line switching, loss of generation, faults, and other system 
disturbances.  

Pole Slip: a condition whereby a generator, or group of generators, terminal voltage angles 
(or phases) go past 180 degrees with respect to the rest of the connected power system.  

Stable Power Swing: a power swing is considered stable if the generators do not slip poles 
and the system reaches a new state of equilibrium, i.e. an acceptable operating condition.  

Unstable Power Swing: a power swing that will result in a generator or group of generators 
experiencing pole slipping for which some corrective action must be taken.  

Out-of-Step Condition: Same as an unstable power swing.  

Electrical System Center or Voltage Zero: it is the point or points in the system where the 
voltage becomes zero during an unstable power swing. 

 

Burden to Entities 
The PSRPS Report provides a technical basis and approach for focusing on Protection Systems, 
which are susceptible to power swings, while achieving the purpose of the standard. The approach 
reduces the number of relays to which the PRC-026-1 Requirements would apply by first 
identifying the BES Element(s) on which load-responsive protective relays must be evaluated. The 
first step uses criteria to identify the Elements on which a Protection System is expected to be 
challenged by power swings. Of those Elements, the second step is to evaluate each load-
responsive protective relay that is applied on each identified Element. Rather than requiring the 
Planning Coordinator or Transmission Planner to perform simulations to obtain information for 
each identified Element, the Generator Owner and Transmission Owner will reduce the need for 
simulation by comparing the load-responsive protective relay characteristic to specific criteria in 
PRC-026-1 – Attachment B. 

 

11 http://www.pes-psrc.org/Reports/Power%20Swing%20and%20OOS%20Considerations%20on%20Transmission 
%20Lines%20F..pdf. 
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Applicability 
The standard is applicable to the Generator Owner, Planning Coordinator, and Transmission 
Owner entities. More specifically, the Generator Owner and Transmission Owner entities are 
applicable when applying load-responsive protective relays at the terminals of the applicable BES 
Elements. The standard is applicable to the following BES Elements: generators, transformers, and 
transmission lines. The Distribution Provider was considered for inclusion in the standard; 
however, it is not subject to the standard because this entity, by functional registration, would not 
own generators, transmission lines, or transformers other than load serving. 

Load-responsive protective relays include any protective functions which could trip with or 
without time delay, on load current. 

 

Requirement R1 
The Planning Coordinator has a wide-area view and is in the position to identify what, if any, 
Elements meet the criteria. The criterion-based approach is consistent with the NERC System 
Protection and Control Subcommittee (SPCS) technical document, Protection System Response to 
Power Swings (August 2013),12 which recommends a focused approach to determine an at-risk 
Element. Identification of Elements comes from the annual Planning Assessments pursuant to the 
transmission planning (i.e., “TPL”) and other NERC Reliability Standards (e.g., PRC-006), and 
the standard is not requiring any other assessments to be performed by the Planning Coordinator. 
The required notification on a calendar year basis to the respective Generator Owner and 
Transmission Owner is sufficient because it is expected that the Planning Coordinator will make 
its notifications following the completion of its annual Planning Assessments. The Planning 
Coordinator will continue to provide notification of Elements on a calendar year basis even if a 
study is performed less frequently (e.g., PRC-006 – Automatic Underfrequency Load Shedding, 
which is five years) and has not changed. It is possible that a Planning Coordinator could utilize 
studies from a prior year in determining the necessary notifications pursuant to Requirement R1. 

 

Criterion 1 
The first criterion involves generator(s) where an angular stability constraint exists that is 
addressed by a System Operating Limit (SOL) or a Remedial Action Scheme (RAS) and those 
Elements terminating at the Transmission station associated with the generator(s). For example, a 
scheme to remove generation for specific conditions is implemented for a four-unit generating 
plant (1,100 MW). Two of the units are 500 MW each; one is connected to the 345 kV system and 
one is connected to the 230 kV system. The Transmission Owner has two 230 kV transmission 
lines and one 345 kV transmission line all terminating at the generating facility as well as a 345/230 
kV autotransformer. The remaining 100 MW consists of two 50 MW combustion turbine (CT) 
units connected to four 66 kV transmission lines. The 66 kV transmission lines are not electrically 
joined to the 345 kV and 230 kV transmission lines at the plant site and are not subject to the 
operating limit or RAS. A stability constraint limits the output of the portion of the plant affected 

12 http://www.nerc.com/comm/PC/System%20Protection%20and%20Control%20Subcommittee%20SPCS%20 
20/SPCS%20Power%20Swing%20Report_Final_20131015.pdf) 
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by the RAS to 700 MW for an outage of the 345 kV transmission line. The RAS trips one of the 
500 MW units to maintain stability for a loss of the 345 kV transmission line when the total output 
from both 500 MW units is above 700 MW. For this example, both 500 MW generating units and 
the associated generator step-up (GSU) transformers would be identified as Elements meeting this 
criterion. The 345/230 kV autotransformer, the 345 kV transmission line, and the two 230 kV 
transmission lines would also be identified as Elements meeting this criterion. The 50 MW 
combustion turbines and 66 kV transmission lines would not be identified pursuant to Criterion 1 
because these Elements are not subject to an operating limit or RAS and do not terminate at the 
Transmission station associated with the generators that are subject to the SOL or RAS. 

 

Criterion 2 
The second criterion involves Elements that are monitored as a part of an established System 
Operating Limit (SOL) based on an angular stability limit regardless of the outage conditions that 
result in the enforcement of the SOL. For example, if two long parallel 500 kV transmission lines 
have a combined SOL of 1,200 MW, and this limit is based on angular instability resulting from a 
fault and subsequent loss of one of the two lines, then both lines would be identified as Elements 
meeting the criterion. 

 

Criterion 3 
The third criterion involves Elements that form the boundary of an island within an underfrequency 
load shedding (UFLS) design assessment. The criterion applies to islands identified based on 
application of the Planning Coordinator’s criteria for identifying islands, where the island is 
formed by tripping the Elements based on angular instability. The criterion applies if the angular 
instability is modeled in the UFLS design assessment, or if the boundary is identified “off-line” 
(i.e., the Elements are selected based on angular instability considerations, but the Elements are 
tripped in the UFLS design assessment without modeling the initiating angular instability). In cases 
where an out-of-step condition is detected and tripping is initiated at an alternate location, the 
criterion applies to the Element on which the power swing is detected. The criterion does not apply 
to islands identified based on other considerations that do not involve angular instability, such as 
excessive loading, Planning Coordinator area boundary tie lines, or Balancing Authority boundary 
tie lines. 

 

Criterion 4 
The fourth criterion involves Elements identified in the most recent annual Planning Assessment 
where relay tripping occurs due to a stable or unstable13 power swing during a simulated 
disturbance. The intent is for the Planning Coordinator to include any Element(s) where relay 
tripping was observed during simulations performed for the most recent annual Planning 
Assessment associated with the transmission planning TPL-001-4 Reliability Standard. Note that 
relay tripping must be assessed within those annual Planning Assessments per TPL-001-4, R4, 

13 Refer to the “Justification for Including Unstable Power Swings in the Requirements” section. 
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Part 4.3.1.3, which indicates that analysis shall include the “Tripping of Transmission lines and 
transformers where transient swings cause Protection System operation based on generic or actual 
relay models.” Identifying such Elements according to Criterion 4 and notifying the respective 
Generator Owner and Transmission Owner will require that the owners of any load-responsive 
protective relay applied at the terminals of the identified Element evaluate the relay’s susceptibility 
to tripping in response to a stable power swing. 

Planning Coordinators have the discretion to determine whether the observed tripping for a power 
swing in its Planning Assessments occurs for valid contingencies and system conditions. The 
Planning Coordinator will address tripping that is observed in transient analyses on an individual 
basis; therefore, the Planning Coordinator is responsible for identifying the Elements based only 
on simulation results that are determined to be valid. 

Due to the nature of how a Planning Assessment is performed, there may be cases where a 
previously-identified Element is not identified in the most recent annual Planning Assessment. If 
so, this is acceptable because the Generator Owner and Transmission Owner would have taken 
action upon the initial notification of the previously identified Element. When an Element is not 
identified in later Planning Assessments, the risk of load-responsive protective relays tripping in 
response to a stable power swing during non-Fault conditions would have already been assessed 
under Requirement R2 and mitigated according to Requirements R3 and R4 where the relays did 
not meet the PRC-026-1 – Attachment B criteria. According to Requirement R2, the Generator 
Owner and Transmission Owner are only required to re-evaluate each load-responsive protective 
relay for an identified Element where the evaluation has not been performed in the last five 
calendar years. 

Although Requirement R1 requires the Planning Coordinator to notify the respective Generator 
Owner and Transmission Owner of any Elements meeting one or more of the four criteria, it does 
not preclude the Planning Coordinator from providing additional information, such as apparent 
impedance characteristics, in advance or upon request, that may be useful in evaluating protective 
relays. Generator Owners and Transmission Owners are able to complete protective relay 
evaluations and perform the required actions without additional information. The standard does 
not include any requirement for the entities to provide information that is already being shared or 
exchanged between entities for operating needs. While a Requirement has not been included for 
the exchange of information, entities should recognize that relay performance needs to be 
measured against the most current information. 

 

Requirement R2 
Requirement R2 requires the Generator Owner and Transmission Owner to evaluate its load-
responsive protective relays to ensure that they are expected to not trip in response to stable power 
swings. 
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The PRC-026-1 – Attachment A lists the applicable load-responsive relays that must be evaluated 
which include phase distance, phase overcurrent, out-of-step tripping, and loss-of-field relay 
functions. Phase distance relays could include, but are not limited to, the following:  

• Zone elements with instantaneous tripping or intentional time delays of less than 15 cycles 
• Phase distance elements used in high-speed communication-aided tripping schemes 

including: 
 Directional Comparison Blocking (DCB) schemes 
 Directional Comparison Un-Blocking (DCUB) schemes 
 Permissive Overreach Transfer Trip (POTT) schemes 
 Permissive Underreach Transfer Trip (PUTT) schemes 

A method is provided within the standard to support consistent evaluation by Generator Owners 
and Transmission Owners based on specified conditions. Once a Generator Owner or Transmission 
Owner is notified of Elements pursuant to Requirement R1, it has 12 full calendar months to 
determine if each Element’s load-responsive protective relays meet the PRC-026-1 – Attachment 
B criteria, if the determination has not been performed in the last five calendar years. Additionally, 
each Generator Owner and Transmission Owner, that becomes aware of a generator, transformer, 
or transmission line BES Element that tripped in response to a stable or unstable power swing due 
to the operation of its protective relays pursuant to Requirement R2, Part 2.2, must perform the 
same PRC-026-1 – Attachment B criteria determination within 12 full calendar months. 

 
Becoming Aware of an Element That Tripped in Response to a Power Swing 
Part 2.2 in Requirement R2 is intended to initiate action by the Generator Owner and Transmission 
Owner when there is a known stable or unstable power swing and it resulted in the entity’s Element 
tripping. The criterion starts with becoming aware of the event (i.e., power swing) and then any 
connection with the entity’s Element tripping. By doing so, the focus is removed from the entity 
having to demonstrate that it made a determination whether a power swing was present for every 
Element trip. The basis for structuring the criterion in this manner is driven by the available ways 
that a Generator Owner and Transmission Owner could become aware of an Element that tripped 
in response to a stable or unstable power swing due to the operation of its protective relay(s). 

Element trips caused by stable or unstable power swings, though infrequent, would be more 
common in a larger event. The identification of power swings will be revealed during an analysis 
of the event. Event analysis where an entity may become aware of a stable or unstable power swing 
could include internal analysis conducted by the entity, the entity’s Protection System review 
following a trip, or a larger scale analysis by other entities. Event analysis could include 
involvement by the entity’s Regional Entity, and in some cases NERC. 

 
Information Common to Both Generation and Transmission Elements 
The PRC-026-1 – Attachment A lists the load-responsive protective relays that are subject to this 
standard. Generator Owners and Transmission Owners may own load-responsive protective relays 
(e.g., distance relays) that directly affect generation or transmission BES Elements and will require 
analysis as a result of Elements being identified by the Planning Coordinator in Requirement R1 
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or the Generator Owner or Transmission Owner in Requirement R2. For example, distance relays 
owned by the Transmission Owner may be installed at the high-voltage side of the generator step-
up (GSU) transformer (directional toward the generator) providing backup to generation 
protection. Generator Owners may have distance relays applied to backup transmission protection 
or backup protection to the GSU transformer. The Generator Owner may have relays installed at 
the generator terminals or the high-voltage side of the GSU transformer. 

 

Exclusion of Time Based Load-Responsive Protective Relays 
The purpose of the standard is “[t]o ensure that load-responsive protective relays are expected to 
not trip in response to stable power swings during non-Fault conditions.” Load-responsive, high-
speed tripping protective relays pose the highest risk of operating during a power swing. Because 
of this, high-speed tripping protective relays and relays with a time delay of less than 15 cycles are 
included in the standard; whereas other relays (i.e., Zones 2 and 3) with a time delay of 15 cycles 
or greater are excluded. The time delay used for exclusion on some load-responsive protective 
relays is based on the maximum expected time that load-responsive protective relays would be 
exposed to a stable power swing with a slow slip rate frequency. 

In order to establish a time delay that distinguishes a high-risk load-responsive protective relay 
from one that has a time delay for tripping (lower-risk), a sample of swing rates were calculated 
based on a stable power swing entering and leaving the impedance characteristic as shown in Table 
1. For a relay impedance characteristic that has a power swing entering and leaving, beginning at 
90 degrees with a termination at 120 degrees before exiting the zone, the zone timer must be greater 
than the calculated time the stable power swing is inside the relay’s operating zone to not trip in 
response to the stable power swing. 

Eq. (1) 𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍 𝑡𝑡𝑡𝑡𝑡𝑡𝑍𝑍𝑡𝑡 >  2 × �
(120° − 𝐴𝐴𝑍𝑍𝐴𝐴𝐴𝐴𝑍𝑍 𝑍𝑍𝑜𝑜 𝑍𝑍𝑍𝑍𝑡𝑡𝑡𝑡𝑒𝑒 𝑡𝑡𝑍𝑍𝑡𝑡𝑍𝑍 𝑡𝑡ℎ𝑍𝑍 𝑡𝑡𝑍𝑍𝐴𝐴𝑟𝑟𝑒𝑒 𝑐𝑐ℎ𝑟𝑟𝑡𝑡𝑟𝑟𝑐𝑐𝑡𝑡𝑍𝑍𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡𝑡𝑡𝑐𝑐) × 60

(360 × 𝑆𝑆𝐴𝐴𝑡𝑡𝑆𝑆 𝑅𝑅𝑟𝑟𝑡𝑡𝑍𝑍) � 

 

Table 1: Swing Rates 
Zone Timer 

(Cycles) 
Slip Rate 

(Hz) 
10 1.00 

15 0.67 

20 0.50 

30 0.33 

 

With a minimum zone timer of 15 cycles, the corresponding slip rate of the system is 0.67 Hz. 
This represents an approximation of a slow slip rate during a system Disturbance. Longer time 
delays allow for slower slip rates. 
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Application to Transmission Elements 
Criterion A in PRC-026-1 – Attachment B describes an unstable power swing region that is formed 
by the union of three shapes in the impedance (R-X) plane. The first shape is a lower loss-of-
synchronism circle based on a ratio of the sending-end to receiving-end voltages of 0.7 (i.e., ES / 
ER = 0.7 / 1.0 = 0.7). The second shape is an upper loss-of-synchronism circle based on a ratio of 
the sending-end to receiving-end voltages of 1.43 (i.e., ES / ER = 1.0 / 0.7 = 1.43). The third shape 
is a lens that connects the endpoints of the total system impedance together by varying the sending-
end and receiving-end system voltages from 0.0 to 1.0 per unit, while maintaining a constant 
system separation angle across the total system impedance (with the parallel transfer impedance 
removed—see Figures 1 through 5). The total system impedance is derived from a two-bus 
equivalent network and is determined by summing the sending-end source impedance, the line 
impedance (excluding the Thévenin equivalent transfer impedance), and the receiving-end source 
impedance as shown in Figures 6 and 7. Establishing the total system impedance provides a 
conservative condition that will maximize the security of the relay against various system 
conditions. The smallest total system impedance represents a condition where the size of the lens 
characteristic in the R-X plane is smallest and is a conservative operating point from the standpoint 
of ensuring a load-responsive protective relay is expected to not trip given a predetermined angular 
displacement between the sending-end and receiving-end voltages. The smallest total system 
impedance results when all generation is in service and all transmission BES Elements are modeled 
in their “normal” system configuration (PRC-026-1 – Attachment B, Criterion A). The parallel 
transfer impedance is removed to represent a likely condition where parallel Elements may be lost 
during the disturbance, and the loss of these Elements magnifies the sensitivity of the load-
responsive relays on the parallel line by removing the “infeed effect” (i.e., the apparent impedance 
sensed by the relay is decreased as a result of the loss of the transfer impedance, thus making the 
relay more likely to trip for a stable power swing—See Figures 13 and 14). 

The sending-end and receiving-end source voltages are varied from 0.7 to 1.0 per unit to form the 
lower and upper loss-of-synchronism circles. The ratio of these two voltages is used in the 
calculation of the loss-of-synchronism circles, and result in a ratio range from 0.7 to 1.43. 

Eq. (2) 
𝐸𝐸𝑆𝑆
𝐸𝐸𝑅𝑅

=
0.7
1.0

= 0.7 Eq. (3): 
𝐸𝐸𝑆𝑆
𝐸𝐸𝑅𝑅

=
1.0
0.7

= 1.43 

The internal generator voltage during severe power swings or transmission system fault conditions 
will be greater than zero due to voltage regulator support. The voltage ratio of 0.7 to 1.43 is chosen 
to be more conservative than the PRC-02314 and PRC-02515 NERC Reliability Standards where a 
lower bound voltage of 0.85 per unit voltage is used. A ±15% internal generator voltage range was 
chosen as a conservative voltage range for calculation of the voltage ratio used to calculate the 
loss-of-synchronism circles. For example, the voltage ratio using these voltages would result in a 
ratio range from 0.739 to 1.353. 

14 Transmission Relay Loadability 
15 Generator Relay Loadability 
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Eq. (4) 
𝐸𝐸𝑆𝑆
𝐸𝐸𝑅𝑅

=
0.85
1.15

= 0.739 Eq. (5): 
𝐸𝐸𝑆𝑆
𝐸𝐸𝑅𝑅

=
1.15
0.85

= 1.353 

The lower ratio is rounded down to 0.7 to be more conservative, allowing a voltage range of 0.7 
to 1.0 per unit to be used for the calculation of the loss-of-synchronism circles.16 
When the parallel transfer impedance is included in the model, the division of current through the 
parallel transfer impedance path results in actual measured relay impedances that are larger than 
those measured when the parallel transfer impedance is removed (i.e., infeed effect), which would 
make it more likely for an impedance relay element to be completely contained within the unstable 
power swing region as shown in Figure 11. If the transfer impedance is included in the evaluation, 
a distance relay element could be deemed as meeting PRC-026-1 – Attachment B criteria and, in 
fact would be secure, assuming all Elements were in their normal state. In this case, the distance 
relay element could trip in response to a stable power swing during an actual event if the system 
was weakened (i.e., a higher transfer impedance) by the loss of a subset of lines that make up the 
parallel transfer impedance as shown in Figure 10. This could happen because the subset of lines 
that make up the parallel transfer impedance tripped on unstable swings, contained the initiating 
fault, and/or were lost due to operation of breaker failure or remote back-up protection schemes. 

Table 10 shows the percent size increase of the lens shape as seen by the relay under evaluation 
when the parallel transfer impedance is included. The parallel transfer impedance has minimal 
effect on the apparent size of the lens shape as long as the parallel transfer impedance is at least 
10 multiples of the parallel line impedance (less than 5% lens shape expansion), therefore, its 
removal has minimal impact, but results in a slightly more conservative, smaller lens shape. 
Parallel transfer impedances of 5 multiples of the parallel line impedance or less result in an 
apparent lens shape size of 10% or greater as seen by the relay. If two parallel lines and a parallel 
transfer impedance tie the sending-end and receiving-end buses together, the total parallel transfer 
impedance will be one or less multiples of the parallel line impedance, resulting in an apparent 
lens shape size of 45% or greater. It is a realistic contingency that the parallel line could be out-
of-service, leaving the parallel transfer impedance making up the rest of the system in parallel with 
the line impedance. Since it is not known exactly which lines making up the parallel transfer 
impedance will be out of service during a major system disturbance, it is most conservative to 
assume that all of them are out, leaving just the line under evaluation in service. 

Either the saturated transient or sub-transient direct axis reactance may be used for machines in 
the evaluation because they are smaller than the un-saturated reactances. Since saturated sub-
transient generator reactances are smaller than the transient or synchronous reactances, the use of 
sub-transient reactances will result in a smaller source impedance and a smaller unstable power 
swing region in the graphical analysis as shown in Figures 8 and 9. Because power swings occur 
in a time frame where generator transient reactances will be prevalent, it is acceptable to use 
saturated transient reactances instead of saturated sub-transient reactances. Because some short-

16 Final Report on the August 14, 2003 Blackout in the United States and Canada: Causes and Recommendations, 
April 2004, Section 6 (The Cascade Stage of the Blackout), p. 94 under “Why the Generators Tripped Off,” states, 
“Some generator undervoltage relays were set to trip at or above 90% voltage. However, a motor stalls out at about 
70% voltage and a motor starter contactor drops out around 75%, so if there is a compelling need to protect the 
turbine from the system the under-voltage trigger point should be no higher than 80%.” 
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circuit models may not include transient reactances, the use of sub-transient reactances is also 
acceptable because it produces more conservative results. For this reason, either value is acceptable 
when determining the system source impedances (PRC-026-1 – Attachment B, Criterion A and B, 
No. 3). 

Saturated reactances are used in short-circuit programs that produce the system impedance 
mentioned above. Planning and stability software generally use un-saturated reactances. Generator 
models used in transient stability analyses recognize that the extent of the saturation effect depends 
upon both rotor (field) and stator currents. Accordingly, they derive the effective saturated 
parameters of the machine at each instant by internal calculation from the specified (constant) 
unsaturated values of machine reactances and the instantaneous internal flux level. The specific 
assumptions regarding which inductances are affected by saturation, and the relative effect of that 
saturation, are different for the various generator models used. Thus, unsaturated values of all 
machine reactances are used in setting up planning and stability software data, and the appropriate 
set of open-circuit magnetization curve data is provided for each machine. 

Saturated reactance values are smaller than unsaturated reactance values and are used in short-
circuit programs owned by the Generator and Transmission Owners. Because of this, saturated 
reactance values are to be used in the development of the system source impedances. 

The source or system equivalent impedances can be obtained by a number of different methods 
using commercially available short-circuit calculation tools.17 Most short-circuit tools have a 
network reduction feature that allows the user to select the local and remote terminal buses to 
retain. The first method reduces the system to one that contains two buses, an equivalent generator 
at each bus (representing the source impedances at the sending-end and receiving-end), and two 
parallel lines; one being the line impedance of the protected line with relays being analyzed, the 
other being the parallel transfer impedance representing all other combinations of lines that 
connect the two buses together as shown in Figure 6. Another conservative method is to open both 
ends of the line being evaluated, and apply a three-phase bolted fault at each bus to determine the 
Thévenin equivalent impedance at each bus. The source impedances are set equal to the Thévenin 
equivalent impedances and will be less than or equal to the actual source impedances calculated 
by the network reduction method. Either method can be used to develop the system source 
impedances at both ends. 

The two bullets of PRC-026-1 – Attachment B, Criterion A, No. 1, identify the system separation 
angles used to identify the size of the power swing stability boundary for evaluating load-
responsive protective relay impedance elements. The first bullet of PRC-026-1 – Attachment B, 
Criterion A, No. 1 evaluates a system separation angle of at least 120 degrees that is held constant 
while varying the sending-end and receiving-end source voltages from 0.7 to 1.0 per unit, thus 
creating an unstable power swing region about the total system impedance in Figure 1. This 
unstable power swing region is compared to the tripping portion of the distance relay 
characteristic; that is, the portion that is not supervised by load encroachment, blinders, or some 
other form of supervision as shown in Figure 12 that restricts the distance element from tripping 

17 Demetrios A. Tziouvaras and Daqing Hou, Appendix in Out-Of-Step Protection Fundamentals and 
Advancements, April 17, 2014: https://www.selinc.com. 
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for heavy, balanced load conditions. If the tripping portion of the impedance characteristics are 
completely contained within the unstable power swing region, the relay impedance element meets 
Criterion A in PRC-026-1 – Attachment B. A system separation angle of 120 degrees was chosen 
for the evaluation because it is generally accepted in the industry that recovery for a swing beyond 
this angle is unlikely to occur.18 

The second bullet of PRC-026-1 – Attachment B, Criterion A, No. 1 evaluates impedance relay 
elements at a system separation angle of less than 120 degrees, similar to the first bullet described 
above. An angle less than 120 degrees may be used if a documented stability analysis demonstrates 
that the power swing becomes unstable at a system separation angle of less than 120 degrees. 

The exclusion of relay elements supervised by Power Swing Blocking (PSB) in PRC-026-1 – 
Attachment A allows the Generator Owner or Transmission Owner to exclude protective relay 
elements if they are blocked from tripping by PSB relays. A PSB relay applied and set according 
to industry accepted practices prevent supervised load-responsive protective relays from tripping 
in response to power swings. Further, PSB relays are set to allow dependable tripping of supervised 
elements. The criteria in PRC-026-1 – Attachment B specifically applies to unsupervised elements 
that could trip for stable power swings. Therefore, load-responsive protective relay elements 
supervised by PSB can be excluded from the Requirements of this standard. 

 

18 “The critical angle for maintaining stability will vary depending on the contingency and the system condition at 
the time the contingency occurs; however, the likelihood of recovering from a swing that exceeds 120 degrees is 
marginal and 120 degrees is generally accepted as an appropriate basis for setting out‐of‐step protection. Given the 
importance of separating unstable systems, defining 120 degrees as the critical angle is appropriate to achieve a 
proper balance between dependable tripping for unstable power swings and secure operation for stable power 
swings.” NERC System Protection and Control Subcommittee, Protection System Response to Power Swings, 
August 2013: http://www.nerc.com/comm/PC/System%20Protection%20and%20Control%20Subcommittee%20 
SPCS%2020/SPCS%20Power%20Swing%20Report_Final_20131015.pdf), p. 28. 
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Figure 1: An enlarged graphic illustrating the unstable power swing region formed by the union 
of three shapes in the impedance (R-X) plane: Shape 1) Lower loss-of-synchronism circle, 
Shape 2) Upper loss-of-synchronism circle, and Shape 3) Lens. The mho element characteristic 
is completely contained within the unstable power swing region (i.e., it does not intersect any 
portion of the unstable power swing region), therefore it meets PRC-026-1 – Attachment B, 
Criterion A, No. 1. 
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Figure 2: Full graphic of the unstable power swing region formed by the union of the three 
shapes in the impedance (R-X) plane: Shape 1) Lower loss-of-synchronism circle, Shape 2) 
Upper loss-of-synchronism circle, and Shape 3) Lens. The mho element characteristic is 
completely contained within the unstable power swing region, therefore it meets PRC-26-1 – 
Attachment B, Criterion A, No.1. 
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Figure 3: System impedances as seen by Relay R (voltage connections are not shown). 

 

 

Figure 4: The defining unstable power swing region points where the lens shape intersects the 
lower and upper loss-of-synchronism circle shapes and where the lens intersects the equal EMF 
(electromotive force) power swing. 
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Figure 5: Full table of 31 detailed lens shape point calculations. The bold highlighted rows 
correspond to the detailed calculations in Tables 2-7. 

 

Table 2: Example Calculation (Lens Point 1) 
This example is for calculating the impedance the first point of the lens characteristic. Equal 
source voltages are used for the 230 kV (base) line with the sending-end voltage (ES) leading 
the receiving-end voltage (ER) by 120 degrees. See Figures 3 and 4. 

Eq. (6) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠120°

√3
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Table 2: Example Calculation (Lens Point 1) 
 

𝐸𝐸𝑆𝑆 =
230,000∠120° 𝑉𝑉

√3
 

 𝐸𝐸𝑆𝑆 = 132,791∠120° 𝑉𝑉 

Eq. (7) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

 

 
𝐸𝐸𝑅𝑅 =

230,000∠0° 𝑉𝑉
√3

 

 𝐸𝐸𝑅𝑅 = 132,791∠0° 𝑉𝑉 

Positive sequence impedance data (with transfer impedance ZTR set to a large value). 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 

Total impedance between the generators. 

Eq. (8) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 

 
𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =

�(4 + 𝑗𝑗20) Ω × (4 + 𝑗𝑗20) × 1010 Ω�
�(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω�

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 + 𝑗𝑗20 Ω 

Total system impedance. 

Eq. (9) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10) Ω + (4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) Ω 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 

Total system current from sending-end source. 

Eq. (10) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =

132,791∠120° 𝑉𝑉 − 132,791∠0° 𝑉𝑉
(10 + 𝑗𝑗50 )Ω

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 4,511∠71.3° 𝐴𝐴 

The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (11) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
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Table 2: Example Calculation (Lens Point 1) 
 

𝐼𝐼𝐿𝐿 = 4,511∠71.3° 𝐴𝐴 ×
(4 + 𝑗𝑗20) × 1010 Ω

(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω
 

 𝐼𝐼𝐿𝐿 = 4,511∠71.3° 𝐴𝐴 

The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 

Eq. (12) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − �𝑍𝑍𝑆𝑆 × 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠� 

 𝑉𝑉𝑆𝑆 = 132,791∠120° 𝑉𝑉 − [(2 + 𝑗𝑗10) Ω × 4,511∠71.3° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 95,757∠106.1° 𝑉𝑉 

The impedance seen by the relay on ZL. 

Eq. (13) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

 

 
𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =

95,757∠106.1° 𝑉𝑉
4,511∠71.3° 𝐴𝐴

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 17.434 + 𝑗𝑗12.113 Ω 

 

Table 3: Example Calculation (Lens Point 2) 
This example is for calculating the impedance second point of the lens characteristic. Unequal 
source voltages are used for the 230 kV (base) line with the sending-end voltage (ES) at 70% of 
the receiving-end voltage (ER) and leading the receiving-end voltage by 120 degrees. See 
Figures 3 and 4. 

Eq. (14) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠120°

√3
× 70% 

 
𝐸𝐸𝑆𝑆 =

230,000∠120° 𝑉𝑉
√3

× 0.70 

 𝐸𝐸𝑆𝑆 = 92,953.7∠120° 𝑉𝑉 

Eq. (15) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

 

 
𝐸𝐸𝑅𝑅 =

230,000∠0° 𝑉𝑉
√3

 

 𝐸𝐸𝑅𝑅 = 132,791∠0° 𝑉𝑉 

Positive sequence impedance data (with transfer impedance ZTR set to a large value). 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 
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Table 3: Example Calculation (Lens Point 2) 
Total impedance between the generators. 

Eq. (16) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 

 
𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =

�(4 + 𝑗𝑗20) Ω × (4 + 𝑗𝑗20) × 1010 Ω�
�(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω�

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 + 𝑗𝑗20 Ω 

Total system impedance. 

Eq. (17) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10) Ω + (4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) Ω 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 

Total system current from sending-end source. 

Eq. (18) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =

92,953.7∠120° 𝑉𝑉 − 132,791∠0° 𝑉𝑉
(10 + 𝑗𝑗50) Ω

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 3,854∠77° 𝐴𝐴 

The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (19) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

 
𝐼𝐼𝐿𝐿 = 3,854∠77° 𝐴𝐴 ×

(4 + 𝑗𝑗20) × 1010 Ω
(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω

 

 𝐼𝐼𝐿𝐿 = 3,854∠77° 𝐴𝐴 

The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 

Eq. (20) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − �𝑍𝑍𝑆𝑆 × 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠� 

 𝑉𝑉𝑆𝑆 = 92,953∠120° 𝑉𝑉 − [(2 + 𝑗𝑗10 )Ω × 3,854∠77° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 65,271∠99° 𝑉𝑉 

The impedance seen by the relay on ZL. 

Eq. (21) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿
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Table 3: Example Calculation (Lens Point 2) 
 

𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
65,271∠99° 𝑉𝑉
3,854∠77° 𝐴𝐴

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 15.676 + 𝑗𝑗6.41 Ω 

 

Table 4: Example Calculation (Lens Point 3) 
This example is for calculating the impedance third point of the lens characteristic. Unequal 
source voltages are used for the 230 kV (base) line with the receiving-end voltage (ER) at 70% 
of the sending-end voltage (ES) and the sending-end voltage leading the receiving-end voltage 
by 120 degrees. See Figures 3 and 4. 

Eq. (22) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠120°

√3
 

 
𝐸𝐸𝑆𝑆 =

230,000∠120° 𝑉𝑉
√3

 

 𝐸𝐸𝑆𝑆 = 132,791∠120° 𝑉𝑉 

Eq. (23) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

× 70% 

 
𝐸𝐸𝑅𝑅 =

230,000∠0° 𝑉𝑉
√3

× 0.70 

 𝐸𝐸𝑅𝑅 = 92,953.7∠0° 𝑉𝑉 

Positive sequence impedance data (with transfer impedance ZTR set to a large value). 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 

Total impedance between the generators. 

Eq. (24) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 

 
𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =

�(4 + 𝑗𝑗20) Ω × (4 + 𝑗𝑗20) × 1010 Ω�
�(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω�

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 + 𝑗𝑗20 Ω 
Total system impedance. 

Eq. (25) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10) Ω + (4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) Ω 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 
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Table 4: Example Calculation (Lens Point 3) 
Total system current from sending-end source. 

Eq. (26) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =

132,791∠120° 𝑉𝑉 − 92,953.7∠0° 𝑉𝑉
(10 + 𝑗𝑗50) Ω

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 3,854∠65.5° 𝐴𝐴 

The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (27) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

 
𝐼𝐼𝐿𝐿 = 3,854∠65.5° 𝐴𝐴 ×

(4 + 𝑗𝑗20) × 1010 Ω
(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω

 

 𝐼𝐼𝐿𝐿 = 3,854∠65.5° 𝐴𝐴 

The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 

Eq. (28) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − (𝑍𝑍𝑆𝑆 × 𝐼𝐼𝐿𝐿) 

 𝑉𝑉𝑆𝑆 = 132,791∠120° 𝑉𝑉 − [(2 + 𝑗𝑗10) Ω × 3,854∠65.5° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 98,265∠110.6° 𝑉𝑉 
The impedance seen by the relay on ZL. 

Eq. (29) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

 

 
𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =

98,265∠110.6° 𝑉𝑉
3,854∠65.5° 𝐴𝐴

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 18.005 + 𝑗𝑗18.054 Ω 

 

Table 5: Example Calculation (Lens Point 4) 
This example is for calculating the impedance fourth point of the lens characteristic. Equal 
source voltages are used for the 230 kV (base) line with the sending-end voltage (ES) leading 
the receiving-end voltage (ER) by 240 degrees. See Figures 3 and 4. 

Eq. (30) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠240°

√3
 

 
𝐸𝐸𝑆𝑆 =

230,000∠240° 𝑉𝑉
√3
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Table 5: Example Calculation (Lens Point 4) 
 𝐸𝐸𝑆𝑆 = 132,791∠240° 𝑉𝑉 

Eq. (31) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

 

 
𝐸𝐸𝑅𝑅 =

230,000∠0° 𝑉𝑉
√3

 

 𝐸𝐸𝑅𝑅 = 132,791∠0° 𝑉𝑉 

Positive sequence impedance data (with transfer impedance ZTR set to a large value). 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 

Total impedance between the generators. 

Eq. (32) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 

 
𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =

�(4 + 𝑗𝑗20) Ω × (4 + 𝑗𝑗20) × 1010 Ω�
�(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω�

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 + 𝑗𝑗20 Ω 

Total system impedance. 

Eq. (33) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10) Ω + (4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) Ω 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 

Total system current from sending-end source. 

Eq. (34) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =

132,791∠240° 𝑉𝑉 − 132,791∠0° 𝑉𝑉
(10 + 𝑗𝑗50 )Ω

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 4,511∠131.3° 𝐴𝐴 

The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (35) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

 
𝐼𝐼𝐿𝐿 = 4,511∠131.1° 𝐴𝐴 ×

(4 + 𝑗𝑗20) × 1010 Ω
(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω

 

 𝐼𝐼𝐿𝐿 = 4,511∠131.1° 𝐴𝐴 
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Table 5: Example Calculation (Lens Point 4) 
The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 

Eq. (36) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − (𝑍𝑍𝑆𝑆 × 𝐼𝐼𝐿𝐿) 

 𝑉𝑉𝑆𝑆 = 132,791∠240° 𝑉𝑉 − [(2 + 𝑗𝑗10 ) Ω × 4,511∠131.1° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 95,756∠ − 106.1° 𝑉𝑉 

The impedance seen by the relay on ZL. 

Eq. (37) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

 

 
𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =

95,756∠ − 106.1° 𝑉𝑉
4,511∠131.1° 𝐴𝐴

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = −11.434 + 𝑗𝑗17.887 Ω 

 

Table 6: Example Calculation (Lens Point 5) 
This example is for calculating the impedance fifth point of the lens characteristic. Unequal 
source voltages are used for the 230 kV (base) line with the sending-end voltage (ES) at 70% of 
the receiving-end voltage (ER) and leading the receiving-end voltage by 240 degrees. See 
Figures 3 and 4. 

Eq. (38) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠240°

√3
× 70% 

 𝐸𝐸𝑆𝑆 =
230,000∠240° 𝑉𝑉

√3
× 0.70 

 𝐸𝐸𝑆𝑆 = 92,953.7∠240° 𝑉𝑉 

Eq. (39) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

 

 𝐸𝐸𝑅𝑅 =
230,000∠0° 𝑉𝑉

√3
 

 𝐸𝐸𝑅𝑅 = 132,791∠0° 𝑉𝑉 

Positive sequence impedance data (with transfer impedance ZTR set to a large value). 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 

Total impedance between the generators. 

Eq. (40) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 
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Table 6: Example Calculation (Lens Point 5) 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
�(4 + 𝑗𝑗20) Ω × (4 + 𝑗𝑗20) × 1010 Ω�
�(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω�

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 + 𝑗𝑗20 Ω 

Total system impedance. 

Eq. (41) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10 Ω) + (4 + 𝑗𝑗20 Ω) + (4 + 𝑗𝑗20 Ω) 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 

Total system current from sending-end source. 

Eq. (42) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
92,953.7∠240° 𝑉𝑉 − 132,791∠0° 𝑉𝑉

10 + 𝑗𝑗50 Ω
 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 3,854∠125.5° 𝐴𝐴 

The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (43) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

 𝐼𝐼𝐿𝐿 = 3,854∠125.5° 𝐴𝐴 ×
(4 + 𝑗𝑗20) × 1010 Ω

(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω
 

 𝐼𝐼𝐿𝐿 = 3,854∠125.5° 𝐴𝐴 

The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 

Eq. (44) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − (𝑍𝑍𝑆𝑆 × 𝐼𝐼𝐿𝐿) 

 𝑉𝑉𝑆𝑆 = 92,953.7∠240° 𝑉𝑉 − [(2 + 𝑗𝑗10 ) Ω × 3,854∠125.5° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 65,270.5∠ − 99.4° 𝑉𝑉 

The impedance seen by the relay on ZL. 

Eq. (45) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
65,270.5∠ − 99.4° 𝑉𝑉

3,854∠125.5° 𝐴𝐴
 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = −12.005 + 𝑗𝑗11.946 Ω 
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Table 7: Example Calculation (Lens Point 6) 
This example is for calculating the impedance sixth point of the lens characteristic. Unequal 
source voltages are used for the 230 kV (base) line with the receiving-end voltage (ER) at 70% 
of the sending-end voltage (ES) and the sending-end voltage leading the receiving-end voltage 
by 240 degrees. See Figures 3 and 4. 

Eq. (46) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠240°

√3
 

 𝐸𝐸𝑆𝑆 =
230,000∠240° 𝑉𝑉

√3
 

 𝐸𝐸𝑆𝑆 = 132,791∠240° 𝑉𝑉 

Eq. (47) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

× 70% 

 𝐸𝐸𝑅𝑅 =
230,000∠0° 𝑉𝑉

√3
× 0.70 

 𝐸𝐸𝑅𝑅 = 92,953.7∠0° 𝑉𝑉 
Positive sequence impedance data (with transfer impedance ZTR set to a large value). 
Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 
Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 
Total impedance between the generators. 

Eq. (48) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
�(4 + 𝑗𝑗20) Ω × (4 + 𝑗𝑗20) × 1010 Ω�
�(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω�

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 + 𝑗𝑗20 Ω 
Total system impedance. 
Eq. (49) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 
 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10) Ω + (4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) Ω 
 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 
Total system current from sending-end source. 

Eq. (50) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
132,791∠240° 𝑉𝑉 − 92,953.7∠0° 𝑉𝑉

10 + 𝑗𝑗50 Ω
 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 3,854∠137.1° 𝐴𝐴 
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Table 7: Example Calculation (Lens Point 6) 
The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (51) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

 𝐼𝐼𝐿𝐿 = 3,854∠137.1° 𝐴𝐴 ×
(4 + 𝑗𝑗20) × 1010 Ω

(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω
 

 𝐼𝐼𝐿𝐿 = 3,854∠137.1° 𝐴𝐴 
The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 
Eq. (52) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − (𝑍𝑍𝑆𝑆 × 𝐼𝐼𝐿𝐿) 
 𝑉𝑉𝑆𝑆 = 132,791∠240° 𝑉𝑉 − [(2 + 𝑗𝑗10 ) Ω × 3,854∠137.1° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 98,265∠ − 110.6° 𝑉𝑉 
The impedance seen by the relay on ZL. 

Eq. (53) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
98,265∠ − 110.6° 𝑉𝑉

3,854∠137.1° 𝐴𝐴
 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = −9.676 + 𝑗𝑗23.59 Ω 
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Figure 6: Reduced two bus system with sending-end source impedance ZS, receiving-end 
source impedance ZR, line impedance ZL, and parallel transfer impedance ZTR. 

 

 
Figure 7: Reduced two bus system with sending-end source impedance ZS, receiving-end 
source impedance ZR, and line impedance ZL with the parallel transfer impedance ZTR removed. 
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Figure 8: A strong-source system with a line impedance of ZL = 20.4 ohms (i.e., the thicker red 
line). This mho element characteristic (i.e., the blue circle) does not meet the PRC-026-1 – 
Attachment B, Criterion A because it is not completely contained within the unstable power 
swing region (i.e., the orange characteristic). 

 

Figure 8 above represents a heavily-loaded system with all generation in service and all 
transmission BES Elements in their normal operating state. The mho element characteristic (set at 
137% of ZL) extends into the unstable power swing region (i.e., the orange characteristic). Using 
the strongest source system is more conservative because it shrinks the unstable power swing 
region, bringing it closer to the mho element characteristic. This figure also graphically represents 
the effect of a system strengthening over time and this is the reason for re-evaluation if the relay 
has not been evaluated in the last five calendar years. Figure 9 below depicts a relay that meets the 
PRC-026-1 – Attachment B, Criterion A. Figure 8 depicts the same relay with the same setting 
five years later, where each source has strengthened by about 10% and now the same mho element 
characteristic does not meet Criterion A. 
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Figure 9: A weak-source system with a line impedance of ZL = 20.4 ohms (i.e., the thicker red 
line). This mho element characteristic (i.e., the blue circle) meets the PRC-026-1 – Attachment 
B, Criterion A because it is completely contained within the unstable power swing region (i.e., 
the orange characteristic). 

 

Figure 9 above represents a lightly-loaded system, using a minimum generation profile. The mho 
element characteristic (set at 137% of ZL) does not extend into the unstable power swing region 
(i.e., the orange characteristic). Using a weaker source system expands the unstable power swing 
region away from the mho element characteristic. 
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Figure 10: This is an example of an unstable power swing region (i.e., the orange characteristic) 
with the parallel transfer impedance removed. This relay mho element characteristic (i.e., the 
blue circle) does not meet PRC-026-1 – Attachment B, Criterion A because it is not completely 
contained within the unstable power swing region. 

 

Table 8: Example Calculation (Parallel Transfer Impedance Removed) 
Calculations for the point at 120 degrees with equal source impedances. The total system current 
equals the line current. See Figure 10. 

Eq. (54) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠120°

√3
 

 
𝐸𝐸𝑆𝑆 =

230,000∠120° 𝑉𝑉
√3

 

 𝐸𝐸𝑆𝑆 = 132,791∠120° 𝑉𝑉 
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Table 8: Example Calculation (Parallel Transfer Impedance Removed) 

Eq. (55) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

 

 
𝐸𝐸𝑅𝑅 =

230,000∠0° 𝑉𝑉
√3

 

 𝐸𝐸𝑅𝑅 = 132,791∠0° 𝑉𝑉 
Given impedance data. 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 
Total impedance between the generators. 

Eq. (56) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 

 
𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =

�(4 + 𝑗𝑗20) Ω × (4 + 𝑗𝑗20) × 1010 Ω�
�(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω�

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 4 + 𝑗𝑗20 Ω 

Total system impedance. 

Eq. (57) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10) Ω + (4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) Ω 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 

Total system current from sending-end source. 

Eq. (58) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =

132,791∠120° 𝑉𝑉 − 132,791∠0° 𝑉𝑉
10 + 𝑗𝑗50 Ω

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 4,511∠71.3° 𝐴𝐴 

The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (59) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

 
𝐼𝐼𝐿𝐿 = 4,511∠71.3° 𝐴𝐴 ×

(4 + 𝑗𝑗20) × 1010 Ω
(4 + 𝑗𝑗20) Ω + (4 + 𝑗𝑗20) × 1010 Ω

 

 𝐼𝐼𝐿𝐿 = 4,511∠71.3° 𝐴𝐴 
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Table 8: Example Calculation (Parallel Transfer Impedance Removed) 
The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 

Eq. (60) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − �𝑍𝑍𝑆𝑆 × 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠� 

 𝑉𝑉𝑆𝑆 = 132,791∠120° 𝑉𝑉 − [(2 + 𝑗𝑗10 Ω) × 4,511∠71.3° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 95,757∠106.1° 𝑉𝑉 

The impedance seen by the relay on ZL. 

Eq. (61) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

 

 
𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =

95,757∠106.1° 𝑉𝑉
4,511∠71.3° 𝐴𝐴

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 17.434 + 𝑗𝑗12.113 Ω 
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Figure 11: This is an example of an unstable power swing region (i.e., the orange characteristic) 
with the parallel transfer impedance included causing the mho element characteristic (i.e., the 
blue circle) to appear to meet the PRC-026-1 – Attachment B, Criterion A because it is 
completely contained within the unstable power swing region. Including the parallel transfer 
impedance in the calculation is not allowed by the PRC-026-1 – Attachment B, Criterion A. 

 

In Figure 11 above, the parallel transfer impedance is 5 times the line impedance. The unstable 
power swing region has expanded out beyond the mho element characteristic due to the infeed 
effect from the parallel current through the parallel transfer impedance, thus allowing the mho 
element characteristic to appear to meet the PRC-026-1 – Attachment B, Criterion A. Including 
the parallel transfer impedance in the calculation is not allowed by the PRC-026-1 – Attachment 
B, Criterion A. 

 

Project 2010-13.3 – Phase 3 Relay Loadability (Draft 4: December 5, 2014) Page 49 of 87 



PRC-026-1 – Application Guidelines 

Table 9: Example Calculation (Parallel Transfer Impedance Included) 
Calculations for the point at 120 degrees with equal source impedances. The total system current 
does not equal the line current. See Figure 11. 

Eq. (62) 𝐸𝐸𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠120°

√3
 

 
𝐸𝐸𝑆𝑆 =

230,000∠120° 𝑉𝑉
√3

 

 𝐸𝐸𝑆𝑆 = 132,791∠120° 𝑉𝑉 

Eq. (63) 𝐸𝐸𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

 

 
𝐸𝐸𝑅𝑅 =

230,000∠0° 𝑉𝑉
√3

 

 𝐸𝐸𝑅𝑅 = 132,791∠0° 𝑉𝑉 
Given impedance data. 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 5 

 𝑍𝑍𝑇𝑇𝑅𝑅 = (4 + 𝑗𝑗20) Ω × 5 

 𝑍𝑍𝑇𝑇𝑅𝑅 = 20 + 𝑗𝑗100 Ω 

Total impedance between the generators. 

Eq. (64) 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(𝑍𝑍𝐿𝐿 × 𝑍𝑍𝑇𝑇𝑅𝑅)
(𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅) 

 
𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =

(4 + 𝑗𝑗20) Ω × (20 + 𝑗𝑗100) Ω
(4 + 𝑗𝑗20) Ω + (20 + 𝑗𝑗100) Ω

 

 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 3.333 + 𝑗𝑗16.667 Ω 
Total system impedance. 

Eq. (65) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (2 + 𝑗𝑗10) Ω + (3.333 + 𝑗𝑗16.667) Ω + (4 + 𝑗𝑗20) Ω 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 9.333 + 𝑗𝑗46.667 Ω 

Total system current from sending-end source. 

Eq. (66) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =

132,791∠120° 𝑉𝑉 − 132,791∠0° 𝑉𝑉
9.333 + 𝑗𝑗46.667 Ω

 

Project 2010-13.3 – Phase 3 Relay Loadability (Draft 4: December 5, 2014) Page 50 of 87 



PRC-026-1 – Application Guidelines 

Table 9: Example Calculation (Parallel Transfer Impedance Included) 
 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 4,833∠71.3° 𝐴𝐴 

The current, as measured by the relay on ZL (Figure 3), is only the current flowing through that 
line as determined by using the current divider equation. 

Eq. (67) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

 
𝐼𝐼𝐿𝐿 = 4,833∠71.3° 𝐴𝐴 ×

(20 + 𝑗𝑗100) Ω
(4 + 𝑗𝑗20) Ω + (20 + 𝑗𝑗100) Ω

 

 𝐼𝐼𝐿𝐿 = 4,027.4∠71.3° 𝐴𝐴 

The voltage, as measured by the relay on ZL (Figure 3), is the voltage drop from the sending-
end source through the sending-end source impedance. 

Eq. (68) 𝑉𝑉𝑆𝑆 = 𝐸𝐸𝑆𝑆 − �𝑍𝑍𝑆𝑆 × 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠� 

 𝑉𝑉𝑆𝑆 = 132,791∠120° 𝑉𝑉 − [(2 + 𝑗𝑗10 Ω) × 4,833∠71.3° 𝐴𝐴] 
 𝑉𝑉𝑆𝑆 = 93,417∠104.7° 𝑉𝑉 

The impedance seen by the relay on ZL. 

Eq. (69) 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

 

 
𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =

93,417∠104.7° 𝑉𝑉
4,027∠71.3° 𝐴𝐴

 

 𝑍𝑍𝐿𝐿−𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 19.366 + 𝑗𝑗12.767 Ω 
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Table 10: Percent Increase of a Lens Due To Parallel Transfer Impedance. 
The following demonstrates the percent size increase of the lens characteristic for ZTR in 
multiples of ZL with the parallel transfer impedance included. 

ZTR in multiples of ZL Percent increase of lens with equal EMF 
sources (Infinite source as reference) 

Infinite N/A 

1000 0.05% 

100 0.46% 

10 4.63% 

5 9.27% 

2 23.26% 

1 46.76% 

0.5 94.14% 

0.25 189.56% 
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Figure 12: The tripping portion of the mho element characteristic (i.e., the blue circle) not 
blocked by load encroachment (i.e., the parallel green lines) is completely contained within the 
unstable power swing region (i.e., the orange characteristic). Therefore, the mho element 
characteristic meets the PRC-026-1 – Attachment B, Criterion A. 
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Figure 13: The infeed diagram shows the impedance in front of the relay R with the parallel 
transfer impedance included. As the parallel transfer impedance approaches infinity, the 
impedances seen by the relay R in the forward direction becomes ZL + ZR. 

 

Table 11: Calculations (System Apparent Impedance in the forward direction) 
The following equations are provided for calculating the apparent impedance back to the ER 
source voltage as seen by relay R. Infeed equations from VS to source ER where ER = 0. See 
Figure 13. 

Eq. (70) 𝐼𝐼𝐿𝐿 =
𝑉𝑉𝑆𝑆 − 𝑉𝑉𝑅𝑅
𝑍𝑍𝐿𝐿

 

Eq. (71) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉𝑅𝑅 − 𝐸𝐸𝑅𝑅
𝑍𝑍𝑅𝑅

 

Eq. (72) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐼𝐼𝐿𝐿 + 𝐼𝐼𝑇𝑇𝑅𝑅 

Eq. (73) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉𝑅𝑅
𝑍𝑍𝑅𝑅

 Since 𝐸𝐸𝑅𝑅 = 0 Rearranged: 𝑉𝑉𝑅𝑅 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑍𝑍𝑅𝑅 

Eq. (74) 𝐼𝐼𝐿𝐿 =
𝑉𝑉𝑆𝑆 − 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑍𝑍𝑅𝑅

𝑍𝑍𝐿𝐿
 

Eq. (75) 𝐼𝐼𝐿𝐿 =
𝑉𝑉𝑆𝑆 − [(𝐼𝐼𝐿𝐿 + 𝐼𝐼𝑇𝑇𝑅𝑅) × 𝑍𝑍𝑅𝑅]

𝑍𝑍𝐿𝐿
 

Eq. (76) 𝑉𝑉𝑆𝑆 = (𝐼𝐼𝐿𝐿 × 𝑍𝑍𝐿𝐿) + (𝐼𝐼𝐿𝐿 × 𝑍𝑍𝑅𝑅) + (𝐼𝐼𝑇𝑇𝑅𝑅 × 𝑍𝑍𝑅𝑅) 

Eq. (77) 𝑍𝑍𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝐼𝐼𝐿𝐿

= 𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑅𝑅 +
𝐼𝐼𝑇𝑇𝑅𝑅 × 𝑍𝑍𝑅𝑅

𝐼𝐼𝐿𝐿
= 𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑅𝑅 × �1 +

𝐼𝐼𝑇𝑇𝑅𝑅
𝐼𝐼𝐿𝐿
� 

Eq. (78) 𝐼𝐼𝑇𝑇𝑅𝑅 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝐿𝐿

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

Eq. (79) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
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Table 11: Calculations (System Apparent Impedance in the forward direction) 

Eq. (80) 
𝐼𝐼𝑇𝑇𝑅𝑅
𝐼𝐼𝐿𝐿

=
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

 

The infeed equations shows the impedance in front of the relay R (Figure 13) with the parallel 
transfer impedance included. As the parallel transfer impedance approaches infinity, the 
impedances seen by the relay R in the forward direction becomes ZL + ZR. 

Eq. (81) 𝑍𝑍𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑅𝑅 × �1 +
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

� 

 

 
Figure 14: The infeed diagram shows the impedance behind relay R with the parallel transfer 
impedance included. As the parallel transfer impedance approaches infinity, the impedances 
seen by the relay R in the reverse direction becomes ZS. 

 

Table 12: Calculations (System Apparent Impedance in the Reverse Direction) 
The following equations are provided for calculating the apparent impedance back to the ES 
source voltage as seen by relay R. Infeed equations from VR back to source ES where ES = 0. 
See Figure 14. 

Eq. (82) 𝐼𝐼𝐿𝐿 =
𝑉𝑉𝑅𝑅 − 𝑉𝑉𝑆𝑆
𝑍𝑍𝐿𝐿

 

Eq. (83) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉𝑆𝑆 − 𝐸𝐸𝑆𝑆
𝑍𝑍𝑆𝑆

 

Eq. (84) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐼𝐼𝐿𝐿 + 𝐼𝐼𝑇𝑇𝑅𝑅 

Eq. (85) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑉𝑉𝑆𝑆
𝑍𝑍𝑆𝑆

 Since 𝐸𝐸𝑠𝑠 = 0 Rearranged: 𝑉𝑉𝑆𝑆 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑍𝑍𝑆𝑆 

Eq. (86) 𝐼𝐼𝐿𝐿 =
𝑉𝑉𝑅𝑅 − 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑍𝑍𝑆𝑆

𝑍𝑍𝐿𝐿
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Table 12: Calculations (System Apparent Impedance in the Reverse Direction) 

Eq. (87) 𝐼𝐼𝐿𝐿 =
𝑉𝑉𝑅𝑅 − [(𝐼𝐼𝐿𝐿 + 𝐼𝐼𝑇𝑇𝑅𝑅) × 𝑍𝑍𝑆𝑆]

𝑍𝑍𝐿𝐿
 

Eq. (88) 𝑉𝑉𝑅𝑅 = (𝐼𝐼𝐿𝐿 × 𝑍𝑍𝐿𝐿) + (𝐼𝐼𝐿𝐿 × 𝑍𝑍𝑆𝑆) + (𝐼𝐼𝑇𝑇𝑅𝑅 × 𝑍𝑍𝑅𝑅𝑆𝑆) 

Eq. (89) 𝑍𝑍𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 =
𝑉𝑉𝑅𝑅
𝐼𝐼𝐿𝐿

= 𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑆𝑆 +
𝐼𝐼𝑇𝑇𝑅𝑅 × 𝑍𝑍𝑆𝑆

𝐼𝐼𝐿𝐿
= 𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑆𝑆 × �1 +

𝐼𝐼𝑇𝑇𝑅𝑅
𝐼𝐼𝐿𝐿
� 

Eq. (90) 𝐼𝐼𝑇𝑇𝑅𝑅 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝐿𝐿

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

Eq. (91) 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 ×
𝑍𝑍𝑇𝑇𝑅𝑅

𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑇𝑇𝑅𝑅
 

Eq. (92) 
𝐼𝐼𝑇𝑇𝑅𝑅
𝐼𝐼𝐿𝐿

=
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

 

The infeed equations shows the impedance behind relay R (Figure 14) with the parallel transfer 
impedance included. As the parallel transfer impedance approaches infinity, the impedances 
seen by the relay R in the reverse direction becomes ZS. 

Eq. (93) 𝑍𝑍𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑆𝑆 × �1 +
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

� As seen by relay R at the receiving-end of 
the line. 

Eq. (94) 𝑍𝑍𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑠𝑠 = 𝑍𝑍𝑆𝑆 × �1 +
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

� Subtract ZL for relay R impedance as seen 
at sending-end of the line. 
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Figure 15: Out-of-step trip (OST) inner blinder (i.e., the parallel green lines) meets the PRC-
026-1 – Attachment B, Criterion A because the inner OST blinder initiates tripping either On-
The-Way-In or On-The-Way-Out. Since the inner blinder is completely contained within the 
unstable power swing region (i.e., the orange characteristic), it meets the PRC-026-1 – 
Attachment B, Criterion A. 
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Table 13: Example Calculation (Voltage Ratios) 
These calculations are based on the loss-of-synchronism characteristics for the cases of N < 1 
and N > 1 as found in the Application of Out-of-Step Blocking and Tripping Relays, GER-3180, 
p. 12, Figure 3.19 The GE illustration shows the formulae used to calculate the radius and center 
of the circles that make up the ends of the portion of the lens. 

Voltage ratio equations, source impedance equation with infeed formulae applied, and circle 
equations. 

Given: 𝐸𝐸𝑆𝑆 = 0.7 𝐸𝐸𝑅𝑅 = 1.0 

Eq. (95) 𝑁𝑁 =
|𝐸𝐸𝑆𝑆|
|𝐸𝐸𝑅𝑅| =

0.7
1.0

= 0.7 

The total system impedance as seen by the relay with infeed formulae applied. 

Given: 𝑍𝑍𝑆𝑆 = 2 + 𝑗𝑗10 Ω 𝑍𝑍𝐿𝐿 = 4 + 𝑗𝑗20 Ω 𝑍𝑍𝑅𝑅 = 4 + 𝑗𝑗20 Ω 

Given: 𝑍𝑍𝑇𝑇𝑅𝑅 = 𝑍𝑍𝐿𝐿 × 1010 Ω 

 𝑍𝑍𝑇𝑇𝑅𝑅 = (4 + 𝑗𝑗20) × 1010 Ω 

Eq. (96) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 × �1 +
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

� + �𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑅𝑅 × �1 +
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

�� 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 10 + 𝑗𝑗50 Ω 

The calculated coordinates of the lower loss-of-synchronism circle center. 

Eq. (97) 𝑍𝑍𝐶𝐶1 = −�𝑍𝑍𝑆𝑆 × �1 +
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

�� − �
𝑁𝑁2 × 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

1 − 𝑁𝑁2 � 

 
𝑍𝑍𝐶𝐶1 = −� (2 + 𝑗𝑗10) Ω × �1 +

(4 + 𝑗𝑗20) Ω
(4 + 𝑗𝑗20) × 1010 Ω�

� − �
0.72 × (10 + 𝑗𝑗50) Ω

1 − 0.72
� 

 𝑍𝑍𝐶𝐶1 = −11.608 − 𝑗𝑗58.039 Ω 
The calculated radius of the lower loss-of-synchronism circle. 

Eq. (98) 𝑡𝑡𝑡𝑡 = �
𝑁𝑁 × 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠
1 − 𝑁𝑁2 � 

 𝑡𝑡𝑡𝑡 = �
0.7 × (10 + 𝑗𝑗50) Ω

1 − 0.72
� 

 𝑡𝑡𝑡𝑡 = 69.987 Ω 
The calculated coordinates of the upper loss-of-synchronism circle center. 

Given: 𝐸𝐸𝑆𝑆 = 1.0 𝐸𝐸𝑅𝑅 = 0.7 

19 http://store.gedigitalenergy.com/faq/Documents/Alps/GER-3180.pdf  
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Table 13: Example Calculation (Voltage Ratios) 

Eq. (99) 𝑁𝑁 =
|𝐸𝐸𝑆𝑆|
|𝐸𝐸𝑅𝑅| =

1.0
0.7

= 1.43 

Eq. (100) 𝑍𝑍𝐶𝐶2 = 𝑍𝑍𝐿𝐿 + �𝑍𝑍𝑅𝑅 × �1 +
𝑍𝑍𝐿𝐿
𝑍𝑍𝑇𝑇𝑅𝑅

�� + �
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠
𝑁𝑁2 − 1

� 

 
𝑍𝑍𝐶𝐶2 = 4 + 𝑗𝑗20 Ω + � (4 + 𝑗𝑗20) Ω × �1 +

(4 + 𝑗𝑗20) Ω
(4 + 𝑗𝑗20) × 1010 Ω�

� + �
(10 + 𝑗𝑗50) Ω

1.432 − 1
� 

 𝑍𝑍𝐶𝐶2 = 17.608 + 𝑗𝑗88.039 Ω  

The calculated radius of the upper loss-of-synchronism circle. 

Eq. (101) 𝑡𝑡𝑏𝑏 = �
𝑁𝑁 × 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠
𝑁𝑁2 − 1

� 

 𝑡𝑡𝑏𝑏 = �
1.43 × (10 + 𝑗𝑗50) Ω

1.432 − 1
� 

 𝑡𝑡𝑏𝑏 = 69.987 Ω 
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Figure 15a: Lower circle loss-of-synchronism region showing the coordinates of the circle 
center and the circle radius. 
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Figure 15b: Lower circle loss-of-synchronism region showing the first three steps to calculate 
the coordinates of the points on the circle. 1) Identify the lower circle loss-of-synchronism 
points that intersect the lens shape where the sending-end to receiving-end voltage ratio is 0.7 
(see lens shape calculations in Tables 2-7). 2) Calculate the distance between the two lower 
circle loss-of-synchronism points identified in Step 1. 3) Calculate the angle of arc that 
connects the two lower circle loss-of-synchronism points identified in Step 1. 
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Figure 15c: Lower circle loss-of-synchronism region showing the steps to calculate the start 
angle, end angle, and the angle step size for the desired number of calculated points. 1) 
Calculate the system angle. 2) Calculate the start angle. 3) Calculate the end angle. 4) 
Calculate the angle step size for the desired number of points. 
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Figure 15d: Lower circle loss-of-synchronism region showing the final steps to calculate the 
coordinates of the points on the circle. 1) Start at the intersection with the lens shape and 
proceed in a clockwise direction. 2) Advance the step angle for each point. 3) Calculate the 
new angle after step advancement. 4) Calculate the R–X coordinates. 
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Figure 15e: Upper circle loss-of-synchronism region showing the coordinates of the circle 
center and the circle radius. 
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Figure 15f: Upper circle loss-of-synchronism region showing the first three steps to calculate 
the coordinates of the points on the circle. 1) Identify the upper circle points that intersect the 
lens shape where the sending-end to receiving-end voltage ratio is 1.43 (see lens shape 
calculations in Tables 2-7). 2) Calculate the distance between the two upper circle points 
identified in Step 1. 3) Calculate the angle of arc that connects the two upper circle points 
identified in Step 1. 
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Figure 15g: Upper circle loss-of-synchronism region showing the steps to calculate the start 
angle, end angle, and the angle step size for the desired number of calculated points. 1) Calculate 
the system angle. 2) Calculate the start angle. 3) Calculate the end angle. 4) Calculate the angle 
step size for the desired number of points. 
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Figure 15h: Upper circle loss-of-synchronism region showing the final steps to calculate the 
coordinates of the points on the circle. 1) Start at the intersection with the lens shape and 
proceed in a clockwise direction. 2) Advance the step angle for each point. 3) Calculate the 
new angle after step advancement. 4) Calculate the R-X coordinates. 
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Figure 15i: Full tables of calculated lower and upper loss-of-synchronism circle coordinates. 
The highlighted row is the detailed calculated points in Figures 15d and 15h. 

 

Application Specific to Criterion B 
The PRC-026-1 – Attachment B, Criterion B evaluates overcurrent elements used for tripping. The 
same criteria as PRC-026-1 – Attachment B, Criterion A is used except for an additional criterion 
(No. 4) that calculates a current magnitude based upon generator internal voltage of 1.05 per unit. 
A value of 1.05 per unit generator voltage is used to establish a minimum pickup current value for 
overcurrent relays that have a time delay less than 15 cycles. The sending-end and receiving-end 
voltages are established at 1.05 per unit at 120 degree system separation angle. The 1.05 per unit 
is the typical upper end of the operating voltage, which is also consistent with the maximum power 
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transfer calculation using actual system source impedances in the PRC-023 NERC Reliability 
Standard. The formulas used to calculate the current are in Table 14 below. 

 

Table 14: Example Calculation (Overcurrent) 
This example is for a 230 kV line terminal with a directional instantaneous phase overcurrent 
element set to 50 amps secondary times a CT ratio of 160:1 that equals 8,000 amps, primary. 
The following calculation is where VS equals the base line-to-ground sending-end generator 
source voltage times 1.05 at an angle of 120 degrees, VR equals the base line-to-ground 
receiving-end generator internal voltage times 1.05 at an angle of 0 degrees, and Zsys equals the 
sum of the sending-end source, line, and receiving-end source impedances in ohms. 
 
Here, the instantaneous phase setting of 8,000 amps is greater than the calculated system current 
of 5,716 amps; therefore, it meets PRC-026-1 – Attachment B, Criterion B. 

Eq. (102) 𝑉𝑉𝑆𝑆 =
𝑉𝑉𝐿𝐿𝐿𝐿∠120°

√3
× 1.05 

 𝑉𝑉𝑆𝑆 =
230,000∠120° 𝑉𝑉

√3
× 1.05 

 𝑉𝑉𝑆𝑆 = 139,430∠120° 𝑉𝑉 

Receiving-end generator terminal voltage. 

Eq. (103) 𝑉𝑉𝑅𝑅 =
𝑉𝑉𝐿𝐿𝐿𝐿∠0°
√3

× 1.05 

 𝑉𝑉𝑅𝑅 =
230,000∠0° 𝑉𝑉

√3
× 1.05 

 𝑉𝑉𝑅𝑅 = 139,430∠0° 𝑉𝑉 

The total impedance of the system (Zsys) equals the sum of the sending-end source impedance 
(ZS), the impedance of the line (ZL), and receiving-end impedance (ZR) in ohms. 

Given: 𝑍𝑍𝑆𝑆 = 3 + 𝑗𝑗26 Ω 𝑍𝑍𝐿𝐿 = 1.3 + 𝑗𝑗8.7 Ω 𝑍𝑍𝑅𝑅 = 0.3 + 𝑗𝑗7.3 Ω 

Eq. (104) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑍𝑍𝑆𝑆 + 𝑍𝑍𝐿𝐿 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = (3 + 𝑗𝑗26) Ω + (1.3 + 𝑗𝑗8.7) Ω + (0.3 + 𝑗𝑗7.3) Ω 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 4.6 + 𝑗𝑗42 Ω 

Total system current. 

Eq. (105) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
(𝑉𝑉𝑆𝑆 − 𝑉𝑉𝑅𝑅)
𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠

 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =
(139,430∠120° 𝑉𝑉 − 139,430∠0° 𝑉𝑉)

(4.6 + 𝑗𝑗42) Ω
 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 5,715.82∠66.25° 𝐴𝐴 
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Application Specific to Three-Terminal Lines 
If a three-terminal line is identified as an Element that is susceptible to a power swing based on 
Requirement R1, the load-responsive protective relays at each end of the three-terminal line must 
be evaluated. 

As shown in Figure 15j, the source impedances at each end of the line can be obtained from the 
similar short circuit calculation as for the two-terminal line (assuming the parallel transfer 
impedances are ignored). 

R

A BEA EBZSA
ZSBZL1 ZL2

ZL3

C

EC

ZSC

 
Figure 15j: Three-terminal line. To evaluate the load-responsive protective relays on the three-
terminal line at Terminal A, the circuit in Figure 15j is first reduced to the equivalent circuit 
shown in Figure 15k. The evaluation process for the load-responsive protective relays on the 
line at Terminal A will now be the same as that of the two-terminal line. 
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Figure 15k: Three-terminal line reduced to a two-terminal line. 

 

Application to Generation Elements 
As with transmission BES Elements, the determination of the apparent impedance seen at an 
Element located at, or near, a generation Facility is complex for power swings due to various 
interdependent quantities. These variances in quantities are caused by changes in machine internal 
voltage, speed governor action, voltage regulator action, the reaction of other local generators, and 
the reaction of other interconnected transmission BES Elements as the event progresses through 
the time domain. Though transient stability simulations may be used to determine the apparent 
impedance for verifying load-responsive relay settings,20,21 Requirement R2, PRC-026-1 – 
Attachment B, Criteria A and B provides a simplified method for evaluating the load-responsive 
protective relay’s susceptibility to tripping in response to a stable power swing without requiring 
stability simulations. 

In general, the electrical center will be in the transmission system for cases where the generator is 
connected through a weak transmission system (high external impedance). In other cases where 
the generator is connected through a strong transmission system, the electrical center could be 
inside the unit connected zone.22 In either case, load-responsive protective relays connected at the 
generator terminals or at the high-voltage side of the generator step-up (GSU) transformer may be 
challenged by power swings. Relays that may be challenged by power swings will be determined 
by the Planning Coordinator in Requirement R1 or by the Generator Owner after becoming aware 
of a generator, transformer, or transmission line BES Element that tripped23 in response to a stable 
or unstable power swing due to the operation of its protective relay(s) in Requirement R2. 

20 Donald Reimert, Protective Relaying for Power Generation Systems, Boca Raton, FL, CRC Press, 2006. 
21 Prabha Kundur, Power System Stability and Control, EPRI, McGraw Hill, Inc., 1994. 
22 Ibid, Kundur. 
23 See Guidelines and Technical Basis section, “Becoming Aware of an Element That Tripped in Response to a 
Power Swing,” 
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Voltage controlled time-overcurrent and voltage-restrained time-overcurrent relays are excluded 
from this standard. When these relays are set based on equipment permissible overload capability, 
their operating times are much greater than 15 cycles for the current levels observed during a power 
swing. 

Instantaneous overcurrent, time-overcurrent, and definite-time overcurrent relays with a time delay 
of less than 15 cycles for the current levels observed during a power swing are applicable and are 
required to be evaluated for identified Elements. 

The generator loss-of-field protective function is provided by impedance relay(s) connected at the 
generator terminals. The settings are applied to protect the generator from a partial or complete 
loss of excitation under all generator loading conditions and, at the same time, be immune to 
tripping on stable power swings. It is more likely that the loss-of-field relay would operate during 
a power swing when the automatic voltage regulator (AVR) is in manual mode rather than when 
in automatic mode.24 Figure 16 illustrates the loss-of-field relay in the R-X plot, which typically 
includes up to three zones of protection. 

 

 
Figure 16: An R-X graph of typical impedance settings for loss-of-field relays. 

24 John Burdy, Loss-of-excitation Protection for Synchronous Generators GER-3183, General Electric Company. 
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Loss-of-field characteristic 40-1 has a wider impedance characteristic (positive offset) than 
characteristic 40-2 or characteristic 40-3 and provides additional generator protection for a partial 
loss of field or a loss of field under low load (less than 10% of rated). The tripping logic of this 
protection scheme is established by a directional contact, a voltage setpoint, and a time delay. The 
voltage and time delay add security to the relay operation for stable power swings. Characteristic 
40-3 is less sensitive to power swings than characteristic 40-2 and is set outside the generator 
capability curve in the leading direction. Regardless of the relay impedance setting, PRC-01925 
requires that the “in-service limiters operate before Protection Systems to avoid unnecessary trip” 
and “in-service Protection System devices are set to isolate or de-energize equipment in order to 
limit the extent of damage when operating conditions exceed equipment capabilities or stability 
limits.” Time delays for tripping associated with loss-of-field relays26,27 have a range from 15 
cycles for characteristic 40-2 to 60 cycles for characteristic 40-1 to minimize tripping during stable 
power swings. In PRC-026-1, 15 cycles establishes a threshold for applicability; however, it is the 
responsibility of the Generator Owner to establish settings that provide security against stable 
power swings and, at the same time, dependable protection for the generator. 

The simple two-machine system circuit (method also used in the Application to Transmission 
Elements section) is used to analyze the effect of a power swing at a generator facility for load-
responsive relays. In this section, the calculation method is used for calculating the impedance 
seen by the relay connected at a point in the circuit.28 The electrical quantities used to determine 
the apparent impedance plot using this method are generator saturated transient reactance (X’

d), 
GSU transformer impedance (XGSU), transmission line impedance (ZL), and the system equivalent 
(Ze) at the point of interconnection. All impedance values are known to the Generator Owner 
except for the system equivalent. The system equivalent is obtainable from the Transmission 
Owner. The sending-end and receiving-end source voltages are varied from 0.0 to 1.0 per unit to 
form the lens shape portion of the unstable power swing region. The voltage range of 0.7 to 1.0 
results in a ratio range from 0.7 to 1.43. This ratio range is used to form the lower and upper loss-
of-synchronism circle shapes of the unstable power swing region. A system separation angle of 
120 degrees is used in accordance with PRC-026-1 – Attachment B criteria for each load-
responsive protective relay evaluation. 

Table 15 below is an example calculation of the apparent impedance locus method based on 
Figures 17 and 18.29 In this example, the generator is connected to the 345 kV transmission system 
through the GSU transformer and has the listed ratings. Note that the load-responsive protective 
relays in this example may have ownership with the Generator Owner or the Transmission Owner. 

25 Coordination of Generating Unit or Plant Capabilities, Voltage Regulating Controls, and Protection 
26 Ibid, Burdy. 
27 Applied Protective Relaying, Westinghouse Electric Corporation, 1979. 
28 Edward Wilson Kimbark, Power System Stability, Volume II: Power Circuit Breakers and Protective Relays, 
Published by John Wiley and Sons, 1950. 
29 Ibid, Kimbark. 
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Figure 17: Simple one-line diagram of the 
system to be evaluated. 

Figure 18: Simple system equivalent 
impedance diagram to be evaluated.30 

 

Table15: Example Data (Generator) 
Input Descriptions Input Values 
Synchronous Generator nameplate (MVA) 940 MVA 

Saturated transient reactance (940 MVA base) 𝑋𝑋𝑑𝑑′ = 0.3845 per unit 

Generator rated voltage (Line-to-Line) 20 𝑘𝑘𝑉𝑉 

Generator step-up (GSU) transformer rating 880 𝑀𝑀𝑉𝑉𝐴𝐴 

GSU transformer reactance (880 MVA base) XGSU = 16.05% 

System Equivalent (100 MVA base) 𝑍𝑍𝑅𝑅 = 0.00723∠90° per unit 

Generator Owner Load-Responsive Protective Relays 

40-1 

Positive Offset Impedance  

Offset = 0.294 per unit 

Diameter = 0.294 per unit 

40-2 

Negative Offset Impedance 

Offset = 0.22 per unit 

Diameter = 2.24 per unit 

40-3 

Negative Offset Impedance 

Offset = 0.22 per unit 

Diameter = 1.00 per unit 

21-1 
Diameter = 0.643 per unit 

MTA = 85° 

30 Ibid, Kimbark. 
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Table15: Example Data (Generator) 
50 I (pickup) =  5.0 per unit 

Transmission Owned Load-Responsive Protective Relays 

21-2 
Diameter = 0.55 per unit 

MTA = 85° 

 

Calculations shown for a 120 degree angle and ES/ER = 1. The equation for calculating ZR is:31 

Eq. (106) 𝑍𝑍𝑅𝑅 =  �
(1 −𝑡𝑡)(𝐸𝐸𝑆𝑆∠𝛿𝛿) + (𝑡𝑡)(𝐸𝐸𝑅𝑅)

𝐸𝐸𝑆𝑆∠𝛿𝛿 − 𝐸𝐸𝑅𝑅
�  × 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 

Where m is the relay location as a function of the total impedance (real number less than 1) 

ES and ER is the sending-end and receiving-end voltages 

Zsys is the total system impedance 

ZR is the complex impedance at the relay location and plotted on an R-X diagram 

All of the above are constants (940 MVA base) while the angle δ is varied. Table 16 below contains 
calculations for a generator using the data listed in Table 15. 

 

Table16: Example Calculations (Generator) 
The following calculations are on a 940 MVA base. 

Given: 𝑋𝑋𝑑𝑑′ = 𝑗𝑗0.3845 𝑆𝑆𝑝𝑝 𝑋𝑋𝐺𝐺𝑆𝑆𝐺𝐺 = 𝑗𝑗0.17144 𝑆𝑆𝑝𝑝  𝑍𝑍𝑅𝑅 = 𝑗𝑗0.06796 𝑆𝑆𝑝𝑝 

Eq. (107) 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑋𝑋𝑑𝑑′ + 𝑋𝑋𝐺𝐺𝑆𝑆𝐺𝐺 + 𝑍𝑍𝑅𝑅 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑗𝑗0.3845 𝑆𝑆𝑝𝑝 + 𝑗𝑗0.17144 𝑆𝑆𝑝𝑝 + 𝑗𝑗0.06796 𝑆𝑆𝑝𝑝 

 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 = 0.6239 ∠90° 𝑆𝑆𝑝𝑝  

Eq. (108) 𝑡𝑡 =
𝑋𝑋𝑑𝑑′

𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠
=

0.3845
0.6239

= 0.6163 

Eq. (109) 𝑍𝑍𝑅𝑅 =  �
(1 −𝑡𝑡)(𝐸𝐸𝑆𝑆∠𝛿𝛿) + (𝑡𝑡)(𝐸𝐸𝑅𝑅)

𝐸𝐸𝑆𝑆∠𝛿𝛿 − 𝐸𝐸𝑅𝑅
�  × 𝑍𝑍𝑠𝑠𝑠𝑠𝑠𝑠 

 𝑍𝑍𝑅𝑅 = �
(1 − 0.6163) × (1∠120°) + (0.6163)(1∠0°)

1∠120° − 1∠0°
� × (0.6239∠90°) 𝑆𝑆𝑝𝑝 

31 Ibid, Kimbark. 
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Table16: Example Calculations (Generator) 

 Z𝑅𝑅 = �
0.4244 + 𝑗𝑗0.3323
−1.5 + 𝑗𝑗 0.866

�  × (0.6239∠90°) 𝑆𝑆𝑝𝑝 

 Z𝑅𝑅 = (0.3116 ∠ − 111.95°) × (0.6239∠90°) 𝑆𝑆𝑝𝑝 

 Z𝑅𝑅 = 0.194 ∠ − 21.95° 𝑆𝑆𝑝𝑝 

 Z𝑅𝑅 =  −0.18 − 𝑗𝑗0.073 𝑆𝑆𝑝𝑝 

 

Table 17 lists the swing impedance values at other angles and at ES/ER = 1, 1.43, and 0.7. The 
impedance values are plotted on an R-X graph with the center being at the generator terminals for 
use in evaluating impedance relay settings. 

 

Table 17: Sample Calculations for a Swing Impedance Chart for Varying Voltages 
at the Sending-End and Receiving-End. 

Angle (δ) 
(Degrees) 

ES/ER=1 ES/ER=1.43 ES/ER=0.7 

ZR ZR ZR 

Magnitude 
(pu) 

Angle 
(Degrees) 

Magnitude 
(pu) 

Angle 
(Degrees) 

Magnitude 
(pu) 

Angle 
(Degrees) 

90 0.320 -13.1 0.296 6.3 0.344 -31.5 

120 0.194 -21.9 0.173 -0.4 0.227 -40.1 

150 0.111 -41.0 0.082 -10.3 0.154 -58.4 

210 0.111 -25.9 0.082 190.3 0.154 238.4 

240 0.194 201.9 0.173 180.4 0.225 220.1 

270 0.320 193.1 0.296 173.7 0.344 211.5 

 

Requirement R2 Generator Examples 
Distance Relay Application  
Based on PRC-026-1 – Attachment B, Criterion A, the distance relay (21-1) (i.e., owned by the 
Generation Owner) characteristic is in the region where a stable power swing would not occur as 
shown in Figure 19. There is no further obligation to the owner in this standard for this load-
responsive protective relay. 

The distance relay (21-2) (i.e., owned by the Transmission Owner) is connected at the high-voltage 
side of the GSU transformer and its impedance characteristic is in the region where a stable power 
swing could occur causing the relay to operate. In this example, if the intentional time delay of this 
relay is less than 15 cycles, the PRC-026 – Attachment B, Criterion A cannot be met, thus the 
Transmission Owner is required to create a CAP (Requirement R3). Some of the options include, 
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but are not limited to, changing the relay setting (i.e., impedance reach, angle, time delay), modify 
the scheme (i.e., add PSB), or replace the Protection System. Note that the relay may be excluded 
from this standard if it has an intentional time delay equal to or greater than 15 cycles. 

 

 
Figure 19: Swing impedance graph for impedance relays at a generating facility. 

 

Loss-of-Field Relay Application 
In Figure 20, the R-X diagram shows the loss-of-field relay (40-1 and 40-2) characteristics are in 
the region where a stable power swing can cause a relay operation. Protective relay 40-1 would 
be excluded if it has an intentional time delay equal to or greater than 15 cycles. Similarly, 40-2 
would be excluded if its intentional time delay is equal to or greater than 15 cycles. For example, 
if 40-1 has a time delay of 1 second and 40-2 has a time delay of 0.25 seconds, they are excluded 
and there is no further obligation on the Generator Owner in this standard for these relays. The 
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loss-of-field relay characteristic 40-3 is entirely inside the unstable power swing region. In this 
case, the owner may select high speed tripping on operation of the 40-3 impedance element. 

 

 
Figure 20: Typical R-X graph for loss-of-field relays with a portion of the unstable power swing 
region defined by PRC-026-1 – Attachment B, Criterion A. 

 

Instantaneous Overcurrent Relay 
In similar fashion to the transmission line overcurrent example calculation in Table 14, the 
instantaneous overcurrent relay minimum setting is established by PRC-026-1 – Attachment B, 
Criterion B. The solution is found by: 

Eq. (110) 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =  
𝐸𝐸𝑆𝑆 − 𝐸𝐸𝑅𝑅
𝑍𝑍sys

 

As stated in the relay settings in Table 15, the relay is installed on the high-voltage side of the GSU 
transformer with a pickup of 5.0 per unit. The maximum allowable current is calculated below. 

 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =  

(1.05∠120° − 1.05∠0°)
0.6239∠90°

 𝑆𝑆𝑝𝑝 
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𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 =  

1.819∠150° 
0.6239∠90° 

𝑆𝑆𝑝𝑝 

 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠 = 2.91 ∠60° 𝑆𝑆𝑝𝑝 

The instantaneous phase setting of 5.0 per unit is greater than the calculated system current of 2.91 
per unit; therefore, it meets the PRC-026-1 – Attachment B, Criterion B. 

 

Out-of-Step Tripping for Generation Facilities 
Out-of-step protection for the generator generally falls into three different schemes. The first 
scheme is a distance relay connected at the high-voltage side of the GSU transformer with the 
directional element looking toward the generator. Because this relay setting may be the same 
setting used for generator backup protection (see Requirement R2 Generator Examples, Distance 
Relay Application), it is susceptible to tripping in response to stable power swings and would 
require modification. Because this scheme is susceptible to tripping in response to stable power 
swings and any modification to the mho circle will jeopardize the overall protection of the out-
of-step protection of the generator, available technical literature does not recommend using this 
scheme specifically for generator out-of-step protection. The second and third out-of-step 
Protection System schemes are commonly referred to as single and double blinder schemes. 
These schemes are installed or enabled for out-of-step protection using a combination of 
blinders, a mho element, and timers. The combination of these protective relay functions 
provides out-of-step protection and discrimination logic for stable and unstable power swings. 
Single blinder schemes use logic that discriminate between stable and unstable power swings by 
issuing a trip command after the first slip cycle. Double blinder schemes are more complex than 
the single blinder scheme and, depending on the settings of the inner blinder, a trip for a stable 
power swing may occur. While the logic discriminates between stable and unstable power 
swings in either scheme, it is important that the trip initiating blinders be set at an angle greater 
than the stability limit of 120 degrees to remove the possibility of a trip for a stable power swing. 
Below is a discussion of the double blinder scheme. 

 

Double Blinder Scheme 
The double blinder scheme is a method for measuring the rate of change of positive sequence 
impedance for out-of-step swing detection. The scheme compares a timer setting to the actual 
elapsed time required by the impedance locus to pass between two impedance characteristics. In 
this case, the two impedance characteristics are simple blinders, each set to a specific resistive 
reach on the R-X plane. Typically, the two blinders on the left half plane are the mirror images of 
those on the right half plane. The scheme typically includes a mho characteristic which acts as a 
starting element, but is not a tripping element. 

The scheme detects the blinder crossings and time delays as represented on the R-X plane as 
shown in Figure 21. The system impedance is composed of the generator transient (Xd’), GSU 
transformer (XT), and transmission system (Xsystem), impedances. 

The scheme logic is initiated when the swing locus crosses the outer Blinder R1 (Figure 21), on 
the right at separation angle α. The scheme only commits to take action when a swing crosses the 
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inner blinder. At this point the scheme logic seals in the out-of-step trip logic at separation angle 
β. Tripping actually asserts as the impedance locus leaves the scheme characteristic at separation 
angle δ. 

The power swing may leave both inner and outer blinders in either direction, and tripping will 
assert. Therefore, the inner blinder must be set such that the separation angle β is large enough 
that the system cannot recover. This angle should be set at 120 degrees or more. Setting the angle 
greater than 120 degrees satisfies the PRC-026-1 – Attachment B, Criterion A (No. 1, 1st bullet) 
since the tripping function is asserted by the blinder element. Transient stability studies may 
indicate that a smaller stability limit angle is acceptable under PRC-026-1 – Attachment B, 
Criterion A (No. 1, 2nd bullet). In this respect, the double blinder scheme is similar to the double 
lens and triple lens schemes and many transmission application out-of-step schemes. 

 

 
Figure 21: Double Blinder Scheme generic out of step characteristics. 
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Figure 22 illustrates a sample setting of the double blinder scheme for the example 940 MVA 
generator. The only setting requirement for this relay scheme is the right inner blinder, which 
must be set greater than the separation angle of 120 degrees (or a lesser angle based on a 
transient stability study) to ensure that the out-of-step protective function is expected to not trip 
in response to a stable power swing during non-Fault conditions. Other settings such as the mho 
characteristic, outer blinders, and timers are set according to transient stability studies and are not 
a part of this standard. 

 

 
Figure 22: Double Blinder Out-of-Step Scheme with unit impedance data and load-responsive 
protective relay impedance characteristics for the example 940 MVA generator, scaled in relay 
secondary ohms. 
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Requirement R3 
To achieve the stated purpose of this standard, which is to ensure that relays are expected to not 
trip in response to stable power swings during non-Fault conditions, this Requirement ensures 
that the applicable entity develops a Corrective Action Plan (CAP) that reduces the risk of relays 
tripping in response to a stable power swing during non-Fault conditions that may occur on any 
applicable BES Element. 

 

Requirement R4 
To achieve the stated purpose of this standard, which is to ensure that load-responsive protective 
relays are expected to not trip in response to stable power swings during non-Fault conditions, the 
applicable entity is required to implement any CAP developed pursuant to Requirement R3 such 
that the Protection System will meet PRC-026-1 – Attachment B criteria or can be excluded under 
the PRC-026-1 – Attachment A criteria (e.g., modifying the Protection System so that relay 
functions are supervised by power swing blocking or using relay systems that are immune to power 
swings), while maintaining dependable fault detection and dependable out-of-step tripping (if out-
of-step tripping is applied at the terminal of the BES Element). Protection System owners are 
required in the implementation of a CAP to update it when actions or timetable change, until all 
actions are complete. Accomplishing this objective is intended to reduce the occurrence of 
Protection System tripping during a stable power swing, thereby improving reliability and 
minimizing risk to the BES. 

The following are examples of actions taken to complete CAPs for a relay that did not meet PRC-
026-1 – Attachment B and could be at-risk of tripping in response to a stable power swing during 
non-Fault conditions. A Protection System change was determined to be acceptable (without 
diminishing the ability of the relay to protect for faults within its zone of protection). 

Example R4a: Actions: Settings were issued on 6/02/2015 to reduce the Zone 2 reach of 
the impedance relay used in the directional comparison unblocking (DCUB) scheme from 
30 ohms to 25 ohms so that the relay characteristic is completely contained within the lens 
characteristic identified by the criterion. The settings were applied to the relay on 
6/25/2015. CAP was completed on 06/25/2015. 

Example R4b: Actions: Settings were issued on 6/02/2015 to enable out-of-step blocking 
on the existing microprocessor-based relay to prevent tripping in response to stable power 
swings. The setting changes were applied to the relay on 6/25/2015. CAP was completed 
on 06/25/2015. 
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The following is an example of actions taken to complete a CAP for a relay responding to a stable 
power swing that required the addition of an electromechanical power swing blocking relay. 

Example R4c: Actions: A project for the addition of an electromechanical power swing 
blocking relay to supervise the Zone 2 impedance relay was initiated on 6/5/2015 to prevent 
tripping in response to stable power swings. The relay installation was completed on 
9/25/2015. CAP was completed on 9/25/2015. 

The following is an example of actions taken to complete a CAP with a timetable that required 
updating for the replacement of the relay. 

Example R4d: Actions: A project for the replacement of the impedance relays at both 
terminals of line X with line current differential relays was initiated on 6/5/2015 to prevent 
tripping in response to stable power swings. The completion of the project was postponed 
due to line outage rescheduling from 11/15/2015 to 3/15/2016. Following the timetable 
change, the impedance relay replacement was completed on 3/18/2016. CAP was 
completed on 3/18/2016. 

The CAP is complete when all the documented actions to remedy the specific problem (i.e., 
unnecessary tripping during stable power swings) are completed. 

 

Justification for Including Unstable Power Swings in the Requirements 
Protection Systems that are applicable to the Standard and must be secure for a stable power swing 
condition (i.e., meets PRC-026-1 – Attachment B criteria) are identified based on Elements that 
are susceptible to both stable and unstable power swings. This section provides an example of why 
Elements that trip in response to unstable power swings (in addition to stable power swings) are 
identified and that their load-responsive protective relays need to be evaluated under PRC-026-1 
– Attachment B criteria. 

 

 
Figure 23: A simple electrical system where two lines tie a small utility to a much larger 
interconnection. 

 

In Figure 23 the relays at circuit breakers 1, 2, 3, and 4 are equipped with a typical overreaching 
Zone 2 pilot system, using a Directional Comparison Blocking (DCB) scheme. Internal faults (or 
power swings) will result in instantaneous tripping of the Zone 2 relays if the measured fault or 
power swing impedance falls within the zone 2 operating characteristic. These lines will trip on 
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pilot Zone 2 for out-of-step conditions if the power swing impedance characteristic enters into 
Zone 2. All breakers are rated for out-of-phase switching. 

 

 
Figure 24: In this case, the Zone 2 element on circuit breakers 1, 2, 3, and 4 did not meet the 
PRC-026-1 – Attachment B criteria (this figure depicts the power swing as seen by relays on 
breakers 3 and 4). 

 

In Figure 24, a large disturbance occurs within the small utility and its system goes out-of-step 
with the large interconnect. The small utility is importing power at the time of the disturbance. The 
actual power swing, as shown by the solid green line, enters the Zone 2 relay characteristic on the 
terminals of Lines 1, 2, 3, and 4 causing both lines to trip as shown in Figure 25. 
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Figure 25: Islanding of the small utility due to Lines 1 and 2 tripping in response to an unstable 
power swing. 

 

In Figure 25, the relays at circuit breakers 1, 2, 3, and 4 have correctly tripped due to the unstable 
power swing (shown by the dashed green line in Figure 24), de-energizing Lines 1 and 2, and 
creating an island between the small utility and the big interconnect. The small utility shed 500 
MW of load on underfrequency and maintained a load to generation balance. 

 

 
Figure 26: Line 1 is out-of-service for maintenance, Line 2 is loaded beyond its normal rating 
(but within its emergency rating). 

 

Subsequent to the correct tripping of Lines 1 and 2 for the unstable power swing in Figure 25, 
another system disturbance occurs while the system is operating with Line 1 out-of-service for 
maintenance. The disturbance causes a stable power swing on Line 2, which challenges the relays 
at circuit breakers 2 and 4 as shown in Figure 27. 

 

Small 
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1 

2 

3 

4 

Line 1 

Line 2 
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Figure 27: Relays on circuit breakers 2 and 4 were not addressed to meet the PRC-026-1 – 
Attachment B criteria following the previous unstable power swing event. 

 

If the relays on circuit breakers 2 and 4 were not addressed under the Requirements for the previous 
unstable power swing condition, the relays would trip in response to the stable power swing, which 
would result in unnecessary system separation, load shedding, and possibly cascading or blackout. 
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Figure 28: Possible blackout of the small utility. 

 

If the relays that tripped in response to the previous unstable power swing condition in Figure 24 
were addressed under the Requirements to meet PRC-026-1 - Attachment B criteria, the 
unnecessary tripping of the relays for the stable power swing shown in Figure 28 would have been 
averted, and the possible blackout of the small utility would have been avoided. 
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Standard Development Timeline 

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. SAR posted for comment February 13, 2014 – March 14, 2014. 

2. The draft standard was posted for a 45-day concurrent comment and ballot period of 
April 17, 2014–June 3, 2014.   

3. The draft standard was posted for a 45-day additional comment and ballot period of July 
30 – September 12, 2014 

 
Description of Current Draft 
The Protection System Maintenance and Testing Standard Drafting Team (PSMT SDT) is posting 
draft 3 of PRC-005-4 for a 10-day final ballot. 

This draft contains the technical content of the standard.  A parallel effort in the Project 2014-
01, Standards Applicability for Dispersed Generation Resources, will post an applicability 
change to PRC-005-2 and PRC-005-3 for comment and ballot. 

Anticipated Actions Anticipated Date 

45-day Formal Comment Period with Parallel Ballot April 17 – June 2, 2014 

45-day Additional Formal Comment Period with Parallel Ballot (if 
necessary) 

July 30 – September 12, 
2014 

Final ballot October 20, 2014 

BOT adoption November 13, 2014 
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Definitions of Terms Used in Standard 
This section includes all newly defined or revised terms used in the proposed standard. Terms 
already defined in the Reliability Standards Glossary of Terms (Glossary) are not repeated here. 
New or revised definitions listed below become approved when the proposed standard is 
approved. When the standard becomes effective, this defined term will be removed from the 
individual standard and added to the Glossary. 
 
Protection System Maintenance Program (PSMP) — An ongoing program by which Protection 
System, Automatic Reclosing, and Sudden Pressure Relaying Components are kept in working 
order and proper operation of malfunctioning components is restored. A maintenance program 
for a specific Component includes one or more of the following activities: 

• Verify — Determine that the Component is functioning correctly.  
• Monitor — Observe the routine in-service operation of the Component.  
• Test — Apply signals to a Component to observe functional performance or output 

behavior, or to diagnose problems.  
• Inspect — Examine for signs of Component failure, reduced performance or 

degradation.  
• Calibrate — Adjust the operating threshold or measurement accuracy of a measuring 

element to meet the intended performance requirement.  
 
See Section A.6, Definitions Used in this Standard, for additional definitions that are new or 
modified for use within this standard. 
When this standard has received ballot approval, the text boxes will be moved to the Application 
Guidelines Section of the Standard. 
 
A. Introduction 

1. Title: Protection System, Automatic Reclosing, and Sudden Pressure Relaying  
                  Maintenance 

2. Number: PRC-005-4 

3. Purpose: To document and implement programs for the maintenance of all  
Protection Systems, Automatic Reclosing, and Sudden Pressure Relaying 
affecting the reliability of the Bulk Electric System (BES) so that they are kept 
in working order. 

Rationale for Applicability Section: This section does not reflect the applicability changes that 
will be proposed by the Project 2014-01 Standards Applicability for Dispersed Generation 
Resources standards drafting team.  The changes in this posted version and those being made 
by the Project 2014-01 standards drafting team do not overlap.  

Additionally, to align with ongoing NERC standards development in Project 2010-05.2: Special 
Protection Systems, the term “Special Protection Systems” in PRC-005-4 was replaced by the 
term “Remedial Action Schemes.” These terms are synonymous in the NERC Glossary of Terms.  

4. Applicability:  
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4.1. Functional Entities: 

4.1.1 Transmission Owner 

4.1.2 Generator Owner 

4.1.3 Distribution Provider 

4.2. Facilities: 

4.2.1 Protection Systems and Sudden Pressure Relaying that are installed for 
the purpose of detecting Faults on BES Elements (lines, buses, 
transformers, etc.) 

4.2.2 Protection Systems used for underfrequency load-shedding systems 
installed per ERO underfrequency load-shedding requirements. 

4.2.3 Protection Systems used for undervoltage load-shedding systems 
installed to prevent system voltage collapse or voltage instability for BES 
reliability. 

4.2.4 Protection Systems installed as a Remedial Action Scheme (RAS) for BES 
reliability. 

4.2.5 Protection Systems and Sudden Pressure Relaying for generator Facilities 
that are part of the BES, including: 

4.2.5.1 Protection Systems that act to trip the generator either directly 
or via lockout or auxiliary tripping relays. 

4.2.5.2 Protection Systems and Sudden Pressure Relaying for 
generator step-up transformers for generators that are part of 
the BES. 

4.2.5.3 Protection Systems and Sudden Pressure Relaying for 
transformers connecting aggregated generation, where the 
aggregated generation is part of the BES (e.g., transformers 
connecting facilities such as wind-farms to the BES). 

4.2.5.4  Protection Systems and Sudden Pressure Relaying for station 
service or excitation transformers connected to the generator 
bus of generators which are part of the BES, that act to trip the 
generator either directly or via lockout or tripping auxiliary 
relays. 

4.2.6 Automatic Reclosing1, including: 

1 Automatic Reclosing addressed in Section 4.2.6.1 and 4.2.6.2 may be excluded if the equipment owner can demonstrate that a 
close-in three-phase fault present for twice the normal clearing time (capturing a minimum trip-close-trip time delay) does not 
result in a total loss of gross generation in the Interconnection exceeding the gross capacity of the largest relevant BES 
generating unit where the Automatic Reclosing is applied.  
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4.2.6.1 Automatic Reclosing applied on the terminals of Elements 
connected to the BES bus located at generating plant 
substations where the total installed gross generating plant 
capacity is greater than the gross capacity of the largest BES 
generating unit within the Balancing Authority Area or, if a 
member of a Reserve Sharing Group, the largest generating 
unit within the Reserve Sharing Group. 2 

4.2.6.2 Automatic Reclosing applied on the terminals of all BES 
Elements at substations one bus away from generating plants 
specified in Section 4.2.6.1 when the substation is less than 10 
circuit-miles from the generating plant substation. 

4.2.6.3.   Automatic Reclosing applied as an integral part of an RAS 
specified in Section 4.2.4. 

5. Effective Date: See Implementation Plan  

6. Definitions Used in this Standard:  
 

Automatic Reclosing – Includes the following Components: 

• Reclosing relay 

• Control circuitry associated with the reclosing relay. 
 
Sudden Pressure Relaying – A system that trips an interrupting device(s) to isolate the 
equipment it is monitoring and includes the following Components: 

• Fault pressure relay – a mechanical relay or device that detects rapid changes in 
gas pressure, oil pressure, or oil flow that are indicative of Faults within liquid-
filled, wire-wound equipment 

• Control circuitry associated with a fault pressure relay 
 

Unresolved Maintenance Issue – A deficiency identified during a maintenance activity 
that causes the Component to not meet the intended performance, cannot be corrected 
during the maintenance interval, and requires follow-up corrective action. 
 
Segment – Components of a consistent design standard, or a particular model or type 
from a single manufacturer that typically share other common elements.  Consistent 
performance is expected across the entire population of a Segment.  A Segment must 
contain at least sixty (60) individual Components. 
 

2 The largest BES generating unit within the Balancing Authority Area or the largest generating unit within the Reserve Sharing 
Group, as applicable, is subject to change.  As a result of such a change, the Automatic Reclosing Components subject to the 
standard could change effective on the date of such change.   
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Component Type –  
• Any one of the five specific elements of a Protection System.  
• Any one of the two specific elements of Automatic Reclosing.  
• Any one of the two specific elements of Sudden Pressure Relaying. 

 
Rationale for the deletion of part of the definition of Component: The SDT 
determined that it was explanatory in nature and adequately addressed in the 
Supplementary Reference and FAQ Document.  

 
Component – Any individual discrete piece of equipment included in a Protection 
System, Automatic Reclosing, or Sudden Pressure Relaying.   
 
Countable Event – A failure of a Component requiring repair or replacement, any 
condition discovered during the maintenance activities in Tables 1-1 through 1-5, Table 
3, Tables 4-1 through 4-2, and Table 5, which requires corrective action or a Protection 
System Misoperation attributed to hardware failure or calibration failure.  
Misoperations due to product design errors, software errors, relay settings different 
from specified settings, Protection System Component, Automatic Reclosing, or Sudden 
Pressure Relaying configuration or application errors are not included in Countable 
Events. 

 
B. Requirements and Measures 

R1. Each Transmission Owner, Generator Owner, and Distribution Provider shall establish 
a Protection System Maintenance Program (PSMP) for its Protection Systems, 
Automatic Reclosing, and Sudden Pressure Relaying identified in Section 4.2, Facilities.   
[Violation Risk Factor: Medium] [Time Horizon: Operations Planning] 

The PSMP shall: 

1.1. Identify which maintenance method (time-based, performance-based per PRC-
005 Attachment A, or a combination) is used to address each Protection System, 
Automatic Reclosing, and Sudden Pressure Relaying Component Type. All 
batteries associated with the station dc supply Component Type of a Protection 
System shall be included in a time-based program as described in Table 1-4 and 
Table 3. 

1.2. Include the applicable monitored Component attributes applied to each 
Protection System, Automatic Reclosing, and Sudden Pressure Relaying 
Component Type consistent with the maintenance intervals specified in Tables 1-
1 through 1-5, Table 2, Table 3, Table 4-1 through 4-2, and Table 5 where 
monitoring is used to extend the maintenance intervals beyond those specified 
for unmonitored Protection System, Automatic Reclosing, and Sudden Pressure 
Relaying Components.  
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M1. Each Transmission Owner, Generator Owner and Distribution Provider shall have a 
documented Protection System Maintenance Program in accordance with 
Requirement R1. 

For each Protection System, Automatic Reclosing, and Sudden Pressure Relaying 
Component Type, the documentation shall include the type of maintenance method 
applied (time-based, performance-based, or a combination of these maintenance 
methods), and shall include all batteries associated with the station dc supply 
Component Types in a time-based program as described in Table 1-4 and Table 3. 
(Part 1.1)  

For Component Types that use monitoring to extend the maintenance intervals, the 
responsible entity(s) shall have evidence for each Protection System, Automatic 
Reclosing, and Sudden Pressure Relaying Component Type (such as manufacturer’s 
specifications or engineering drawings) of the appropriate monitored Component 
attributes as specified in Tables 1-1 through 1-5, Table 2, Table 3, Table 4-1 through 4-
2, and Table 5. (Part 1.2) 

R2. Each Transmission Owner, Generator Owner, and Distribution Provider that uses 
performance-based maintenance intervals in its PSMP shall follow the procedure 
established in PRC-005 Attachment A to establish and maintain its performance-based 
intervals. [Violation Risk Factor: Medium] [Time Horizon: Operations Planning] 

M2. Each Transmission Owner, Generator Owner, and Distribution Provider that uses 
performance-based maintenance intervals shall have evidence that its current 
performance-based maintenance program(s) is in accordance with Requirement R2, 
which may include, but is not limited to, Component lists, dated maintenance records, 
and dated analysis records and results. 

Rationale for R3 Part 3.1: In the last posting, the SDT included language in the standard that 
was originally in the implementation plan that required completion of maintenance activities 
within three years for newly-identified Automatic Reclosing Components following a 
notification under Requirement R6, which has been removed. After further discussion, the SDT 
determined that a separate shorter timeframe for maintenance of newly-identified Automatic 
Reclosing Components created unnecessary complication within the standard. The SDT agreed 
that entities should be responsible for maintaining the Automatic Reclosing Components 
subject to the standard, whether existing, newly added or newly within scope based on a 
change in the largest generating unit in the BA or, if a member of a Reserve Sharing Group, 
the largest generating unit within the Reserve Sharing Group according to the timeframes in 
the maintenance tables. Therefore, 3.1 and its subparts have been removed and have not 
been reinserted into the implementation plan.   

 
R3. Each Transmission Owner, Generator Owner, and Distribution Provider that utilizes 

time-based maintenance program(s) shall maintain its Protection System, Automatic 
Reclosing, and Sudden Pressure Relaying Components that are included within the 
time-based maintenance program in accordance with the minimum maintenance 
activities and maximum maintenance intervals prescribed within Tables 1-1 through 
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1-5, Table 2, Table 3, Table 4-1 through 4-2, and Table 5.  [Violation Risk Factor: High] 
[Time Horizon: Operations Planning] 

M3. Each Transmission Owner, Generator Owner, and Distribution Provider that utilizes 
time-based maintenance program(s) shall have evidence that it has maintained its 
Protection System, Automatic Reclosing, and Sudden Pressure Relaying Components 
included within its time-based program in accordance with Requirement R3. The 
evidence may include, but is not limited to, dated maintenance records, dated 
maintenance summaries, dated check-off lists, dated inspection records, or dated 
work orders. 
 

Rationale for R4 Part 4.1: In the last posting, the SDT included language in the standard that 
was originally in the implementation plan that required completion of maintenance activities 
within three years for newly-identified Automatic Reclosing Components following a 
notification under Requirement R6, which has been removed. After further discussion, the 
SDT determined that a separate shorter timeframe for maintenance of newly-identified 
Automatic Reclosing Components created unnecessary complication within the standard. The 
SDT agreed that entities should be responsible for maintaining the Automatic Reclosing 
Components subject to the standard, whether existing, newly added or newly within scope 
based on a change in the largest generating unit in the BA or, if a member of a Reserve 
Sharing Group, the largest generating unit within the Reserve Sharing Group according to 
the timeframes in the maintenance tables. Therefore, 4.1 and its subparts have been 
removed and have not been reinserted into the implementation plan.  

 
R4. Each Transmission Owner, Generator Owner, and Distribution Provider that utilizes 

performance-based maintenance program(s) in accordance with Requirement R2 shall 
implement and follow its PSMP for its Protection System, Automatic Reclosing, and 
Sudden Pressure Relaying Components that are included within the performance-
based program(s).  [Violation Risk Factor: High] [Time Horizon: Operations Planning] 

M4. Each Transmission Owner, Generator Owner, and Distribution Provider that utilizes 
performance-based maintenance intervals in accordance with Requirement R2 shall 
have evidence that it has implemented the Protection System Maintenance Program 
for the Protection System, Automatic Reclosing, and Sudden Pressure Relaying 
Components included in its performance-based program in accordance with 
Requirement R4. The evidence may include, but is not limited to, dated maintenance 
records, dated maintenance summaries, dated check-off lists, dated inspection 
records, or dated work orders. 

R5. Each Transmission Owner, Generator Owner, and Distribution Provider shall 
demonstrate efforts to correct identified Unresolved Maintenance Issues.  [Violation 
Risk Factor: Medium] [Time Horizon: Operations Planning] 
 

M5. Each Transmission Owner, Generator Owner, and Distribution Provider shall have 
evidence that it has undertaken efforts to correct identified Unresolved Maintenance 
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Issues in accordance with Requirement R5.  The evidence may include, but is not 
limited to, work orders, replacement Component orders, invoices, project schedules 
with completed milestones, return material authorizations (RMAs) or purchase 
orders. 

 
C. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

As defined in the NERC Rules of Procedure, “Compliance Enforcement 
Authority” means NERC or the Regional Entity in their respective roles of 
monitoring and enforcing compliance with the NERC Reliability Standards. 

1.2. Evidence Retention 

The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention period specified below is shorter than the time 
since the last audit, the Compliance Enforcement Authority may ask an entity to 
provide other evidence to show that it was compliant for the full time period 
since the last audit.  
 
The Transmission Owner, Generator Owner, and Distribution Provider 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. 
 
For Requirement R1, the Transmission Owner, Generator Owner, and 
Distribution Provider shall each keep its current dated Protection System 
Maintenance Program, as well as any superseded versions since the preceding 
compliance audit, including the documentation that specifies the type of 
maintenance program applied for each Protection System, Automatic Reclosing, 
or Sudden Pressure Relaying Component Type. 
 
For Requirement R2, Requirement R3, and Requirement R4, in cases where the 
interval of the maintenance activity is longer than the audit cycle, the 
Transmission Owner, Generator Owner, and Distribution Provider shall each 
keep documentation of the most recent performance of that maintenance 
activity for the Protection System, Automatic Reclosing, or Sudden Pressure 
Relaying Component. In cases where the interval of the maintenance activity is 
shorter than the audit cycle, documentation of all performances (in accordance 
with the tables) of that maintenance activity for the Protection System, 
Automatic Reclosing, or Sudden Pressure Relaying Component since the 
previous scheduled audit date shall be retained.  
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For Requirement R5 the Transmission Owner, Generator Owner, and 
Distribution Provider shall each keep documentation of Unresolved 
Maintenance Issues identified by the entity since the last audit, including all 
that were resolved since the last audit.  
 
The Compliance Enforcement Authority shall keep the last audit records and all 
requested and submitted subsequent audit records. 

 

1.3. Compliance Monitoring and Assessment Processes: 

Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Violation Investigations 

Self-Reporting 

Complaints  

1.4. Additional Compliance Information 

None 
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Table of Compliance Elements 

Requirement 
Number 

Lower VSL Moderate VSL High VSL Severe VSL 

R1  The entity’s PSMP failed to specify 
whether one Component Type is 
being addressed by time-based or 
performance-based maintenance, or 
a combination of both (Part 1.1). 
 

The entity’s PSMP failed to specify 
whether two Component Types are 
being addressed by time-based or 
performance-based maintenance, 
or a combination of both (Part 1.1). 

The entity’s PSMP failed to specify 
whether three Component Types 
are being addressed by time-based 
or performance-based maintenance, 
or a combination of both. (Part 1.1). 

OR 
The entity’s PSMP failed to include 
the applicable monitoring attributes 
applied to each Component Type 
consistent with the maintenance 
intervals specified in Tables 1-1 
through 1-5, Table 2, Table 3, Tables 
4-1 through 4-2, and Table 5 where 
monitoring is used to extend the 
maintenance intervals beyond those 
specified for unmonitored 
Components (Part 1.2). 

The entity failed to establish a 
PSMP. 

OR 
The entity’s PSMP failed to specify 
whether four or more Component 
Types are being addressed by time-
based or performance-based 
maintenance, or a combination of 
both (Part 1.1). 

OR 
The entity’s PSMP failed to include 
applicable station batteries in a 
time-based program (Part 1.1). 

R2 The entity uses performance-based 
maintenance intervals in its PSMP 
but failed to reduce Countable 
Events to no more than 4% within 
three years. 

NA The entity uses performance-based 
maintenance intervals in its PSMP 
but failed to reduce Countable 
Events to no more than 4% within 
four years. 

The entity uses performance-based 
maintenance intervals in its PSMP 
but: 
1) Failed to establish the 

technical justification 
described within Requirement 
R2 for the initial use of the 
performance-based PSMP  

OR 
2) Failed to reduce Countable 

Events to no more than 4% 
within five years 

OR 
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Requirement 
Number 

Lower VSL Moderate VSL High VSL Severe VSL 

3) Maintained a Segment with 
less than 60 Components 

OR 
4) Failed to:  

• Annually update the list of 
Components, 

OR 
• Annually perform 

maintenance on the 
greater of 5% of the 
Segment population or 3 
Components,  

OR 
• Annually analyze the 

program activities and 
results for each Segment.  

R3  For Components included within a 
time-based maintenance program, 
the entity failed to maintain 5% or 
less of the total Components 
included within a specific 
Component Type in accordance with 
the minimum maintenance activities 
and maximum maintenance intervals 
prescribed within Tables 1-1 through 
1-5, Table 2, Table 3, Tables 4-1 
through 4-2, and Table 5. 
 
 

For Components included within a 
time-based maintenance program, 
the entity failed to maintain more 
than 5% but 10% or less of the total 
Components included within a 
specific Component Type in 
accordance with the minimum 
maintenance activities and 
maximum maintenance intervals 
prescribed within Tables 1-1 
through 1-5, Table 2, Table 3, 
Tables 4-1 through 4-2, and Table 5. 
 
 

For Components included within a 
time-based maintenance program, 
the entity failed to maintain more 
than 10% but 15% or less of the 
total Components included within a 
specific Component Type in 
accordance with the minimum 
maintenance activities and 
maximum maintenance intervals 
prescribed within Tables 1-1 
through 1-5, Table 2, Table 3, Tables 
4-1 through 4-2, and Table 5. 
 
 

For Components included within a 
time-based maintenance program, 
the entity failed to maintain more 
than 15% of the total Components 
included within a specific 
Component Type in accordance 
with the minimum maintenance 
activities and maximum 
maintenance intervals prescribed 
within Tables 1-1 through 1-5, 
Table 2, Table 3, Tables 4-1 
through 4-2, and Table 5. 
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Requirement 
Number 

Lower VSL Moderate VSL High VSL Severe VSL 

 

R4 For Components included within a 
performance-based maintenance 
program, the entity failed to 
maintain 5% or less of the annual 
scheduled maintenance for a specific 
Component Type in accordance with 
their performance-based PSMP. 
 
 

 

For Components included within a 
performance-based maintenance 
program, the entity failed to 
maintain more than 5% but 10% or 
less of the annual scheduled 
maintenance for a specific 
Component Type in accordance 
with their performance-based 
PSMP. 
 
 

For Components included within a 
performance-based maintenance 
program, the entity failed to 
maintain more than 10% but 15% or 
less of the annual scheduled 
maintenance for a specific 
Component Type in accordance with 
their performance-based PSMP. 
 
 

For Components included within a 
performance-based maintenance 
program, the entity failed to 
maintain more than 15% of the 
annual scheduled maintenance for 
a specific Component Type in 
accordance with their 
performance-based PSMP. 
 
 

R5 The entity failed to undertake efforts 
to correct 5 or fewer identified 
Unresolved Maintenance Issues. 

The entity failed to undertake 
efforts to correct greater than 5 but 
less than or equal to 10 identified 
Unresolved Maintenance Issues. 

The entity failed to undertake 
efforts to correct greater than 10 
but less than or equal to 15 
identified Unresolved Maintenance 
Issues. 

The entity failed to undertake 
efforts to correct greater than 15 
identified Unresolved Maintenance 
Issues. 

 

D. Regional Variances 

None. 

E. Interpretations 

None. 

F. Supplemental Reference Documents
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The following documents present a detailed discussion about determination of maintenance intervals and other useful 
information regarding establishment of a maintenance program. 

1. Supplementary Reference and FAQ - PRC-005-4 Protection System Maintenance, Protection System Maintenance and Testing 
Standard Drafting Team (April 2014) 

2. Considerations for Maintenance and Testing of Auto-reclosing Schemes, NERC System Analysis and Modeling Subcommittee, 
and NERC System Protection and Control Subcommittee (November 2012) 

3. Sudden Pressure Relays and Other Devices that Respond to Non-Electrical Quantities – SPCS Input for Standard Development 
in Response to FERC Order No. 758, NERC System Protection and Control Subcommittee (December 2013)  

 

Version History 

Version Date Action Change Tracking 

0 April 1, 2005 Effective Date New 

1 December 1, 
2005 

1. Changed incorrect use of certain 
hyphens (-) to “en dash” (–) and “em 
dash (—).” 

2. Added “periods” to items where 
appropriate. 

3. Changed “Timeframe” to “Time Frame” 
in item D, 1.2. 

01/20/05 

1a February 17, 
2011 

Added Appendix 1 - Interpretation 
regarding applicability of standard to 
protection of radially connected 
transformers 

Project 2009-17 interpretation 

1a February 17, 
2011 

Adopted by Board of Trustees  
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1a September 26, 
2011 

FERC Order issued approving interpretation 
of R1 and R2 (FERC’s Order is effective as of 
September 26, 2011) 

 

1.1a February 1, 
2012 

Errata change: Clarified inclusion of 
generator interconnection Facility in 
Generator Owner’s responsibility 

Revision under Project 2010-07 

1b February 3, 
2012 

FERC Order issued approving interpretation 
of R1, R1.1, and R1.2 (FERC’s Order dated 
March 14, 2012).  Updated version from 1a 
to 1b. 

Project 2009-10 Interpretation 

1.1b April 23, 2012 Updated standard version to 1.1b to reflect 
FERC approval of PRC-005-1b. 

Revision under Project 2010-07 
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1.1b May 9, 2012 PRC-005-1.1b was adopted by the Board of 
Trustees as part of Project 2010-07 
(Generator Requirements at the 
Transmission Interface). 

 

2 November 7, 
2012 

Adopted by Board of Trustees Project 2007-17 - Complete revision, 
absorbing maintenance requirements from 
PRC-005-1.1b, PRC-008-0, PRC-011-0, PRC-
017-0 

2 October 17, 
2013 

 

Errata Change: The Standards Committee 
approved an errata change to the 
implementation plan for PRC-005-2 to add 
the phrase “or as otherwise made effective 
pursuant to the laws applicable to such ERO 
governmental authorities;” to the second 
sentence under the “Retirement of Existing 

 

 

3 November 7, 
2013 

Adopted by the NERC Board of Trustees Revised to address the FERC directive in Order 
No.758 to include Automatic Reclosing in 
maintenance programs. 

 

3.1 February 12, 
2014 

Approved by the Standards Committee Errata changes to correct capitalization of 
defined terms 

X   Project 2007-17.3 – Revised to address the 
FERC directive in Order No. 758 to include 
sudden pressure relays in maintenance 
programs. 
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Table 1-1 

Component Type - Protective Relay 
Excluding distributed UFLS and distributed UVLS (see Table 3) 

Component Attributes 
Maximum 

Maintenance 
Interval3 

Maintenance Activities 

Any unmonitored protective relay not having all the monitoring attributes 
of a category below. 

6 Calendar 
Years 

For all unmonitored relays: 

• Verify that settings are as specified  

For non-microprocessor relays: 

• Test and, if necessary calibrate   

For microprocessor relays:  

• Verify operation of the relay inputs and outputs that are 
essential to proper functioning of the Protection System. 

• Verify acceptable measurement of power system input values. 

Monitored microprocessor protective relay with the following: 

• Internal self-diagnosis and alarming (see Table 2).  

• Voltage and/or current waveform sampling three or more times per 
power cycle, and conversion of samples to numeric values for 
measurement calculations by microprocessor electronics. 

• Alarming for power supply failure (see Table 2). 

12 Calendar 
Years  

Verify: 

• Settings are as specified. 

• Operation of the relay inputs and outputs that are essential to 
proper functioning of the Protection System. 

• Acceptable measurement of power system input values. 

3 For the tables in this standard, a calendar year starts on the first day of a new year (January 1) after a maintenance activity has been completed.  
For the tables in this standard, a calendar month starts on the first day of the first month after a maintenance activity has been completed. 
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Monitored microprocessor  protective relay with preceding row 
attributes and the following: 

• Ac measurements are continuously verified by comparison to an 
independent ac measurement source, with alarming for excessive 
error (See Table 2). 

• Some or all binary or status inputs and control outputs are monitored 
by a process that continuously demonstrates ability to perform as 
designed, with alarming for failure (See Table 2). 

• Alarming for change of settings (See Table 2). 

12 Calendar 
Years 

Verify only the unmonitored relay inputs and outputs that are 
essential to proper functioning of the Protection System. 
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Table 1-2 

Component Type  - Communications Systems 
Excluding distributed UFLS and distributed UVLS (see Table 3) 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Any unmonitored communications system necessary for correct 
operation of protective functions, and not having all the monitoring 
attributes of a category below. 

4 Calendar 
Months Verify that the communications system is functional. 

6 Calendar Years 

Verify that the communications system meets performance criteria 
pertinent to the communications technology applied (e.g. signal 
level, reflected power, or data error rate). 

Verify operation of communications system inputs and outputs that 
are essential to proper functioning of the Protection System. 

Any communications system with continuous monitoring or periodic 
automated testing for the presence of the channel function, and 
alarming for loss of function (See Table 2). 

12 Calendar 
Years 

Verify that the communications system meets performance criteria 
pertinent to the communications technology applied (e.g. signal 
level, reflected power, or data error rate). 

Verify operation of communications system inputs and outputs that 
are essential to proper functioning of the Protection System. 

Any communications system with all of the following: 

• Continuous monitoring or periodic automated testing for the 
performance of the channel using criteria pertinent to the 
communications technology applied (e.g. signal level, reflected 
power, or data error rate, and alarming for excessive performance 
degradation). (See Table 2) 

• Some or all binary or status inputs and control outputs are 
monitored by a process that continuously demonstrates ability to 
perform as designed, with alarming for failure (See Table 2). 

12 Calendar 
Years 

Verify only the unmonitored communications system inputs and 
outputs that are essential to proper functioning of the Protection 
System 
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Table 1-3  

Component Type - Voltage and Current Sensing Devices Providing Inputs to Protective Relays 
Excluding distributed UFLS and distributed UVLS (see Table 3) 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Any voltage and current sensing devices not having monitoring 
attributes of the category below. 12 Calendar Years Verify that current and voltage signal values are provided to 

the protective relays. 

Voltage and Current Sensing devices connected to microprocessor 
relays with AC measurements are continuously verified by comparison 
of sensing input value, as measured by the microprocessor relay, to an 
independent ac measurement source, with alarming for unacceptable 
error or failure (see Table 2). 

No periodic 
maintenance 

specified 
None. 
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Table 1-4(a) 

Component Type – Protection System Station dc Supply Using Vented Lead-Acid (VLA) Batteries 
Excluding distributed UFLS and distributed UVLS (see Table 3) 

 

Protection System Station dc supply used only for non-BES interrupting devices for RAS, non-distributed UFLS systems, or non-distributed UVLS systems is 
excluded (see Table 1-4(e)). 

Component Attributes Maximum Maintenance 
Interval 

Maintenance Activities 

Protection System Station dc supply using Vented 
Lead-Acid (VLA) batteries not having monitoring 
attributes of Table 1-4(f). 

4 Calendar Months 

Verify:  

• Station dc supply voltage  

Inspect:  

• Electrolyte level  

• For unintentional grounds  

18 Calendar Months 

Verify: 

• Float voltage of battery charger  

• Battery continuity  

• Battery terminal connection resistance  

• Battery intercell or unit-to-unit connection resistance  

Inspect: 

• Cell condition of all individual battery cells where cells are visible – or 
measure battery cell/unit internal ohmic values where the cells are 
not visible  

• Physical condition of battery rack 
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Table 1-4(a) 

Component Type – Protection System Station dc Supply Using Vented Lead-Acid (VLA) Batteries 
Excluding distributed UFLS and distributed UVLS (see Table 3) 

 

Protection System Station dc supply used only for non-BES interrupting devices for RAS, non-distributed UFLS systems, or non-distributed UVLS systems is 
excluded (see Table 1-4(e)). 

Component Attributes Maximum Maintenance 
Interval 

Maintenance Activities 

18 Calendar Months 

-or- 

6 Calendar Years 

Verify that the station battery can perform as manufactured by 
evaluating cell/unit measurements indicative of battery performance 
(e.g. internal ohmic values or float current) against the station battery 
baseline. 

-or- 
Verify that the station battery can perform as manufactured by 
conducting a performance or modified performance capacity test of 
the entire battery bank. 
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Table 1-4(b) 

Component Type – Protection System Station dc Supply Using Valve-Regulated Lead-Acid (VRLA) Batteries 
 Excluding distributed UFLS and distributed UVLS (see Table 3) 

 

Protection System Station dc supply used only for non-BES interrupting devices for RAS, non-distributed UFLS systems, or non-distributed UVLS systems is 
excluded (see Table 1-4(e)). 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Protection System Station dc supply with Valve Regulated 
Lead-Acid (VRLA) batteries not having monitoring attributes of 
Table 1-4(f). 

4 Calendar Months 

Verify:  

• Station dc supply voltage  

Inspect:  

• For unintentional grounds  

6 Calendar Months 
Inspect: 

• Condition of all individual units by measuring battery cell/unit 
internal ohmic values. 

18 Calendar 
Months 

Verify: 

• Float voltage of battery charger  

• Battery continuity  

• Battery terminal connection resistance  

• Battery intercell or unit-to-unit connection resistance  

Inspect: 

• Physical condition of battery rack 
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Table 1-4(b) 

Component Type – Protection System Station dc Supply Using Valve-Regulated Lead-Acid (VRLA) Batteries 
 Excluding distributed UFLS and distributed UVLS (see Table 3) 

 

Protection System Station dc supply used only for non-BES interrupting devices for RAS, non-distributed UFLS systems, or non-distributed UVLS systems is 
excluded (see Table 1-4(e)). 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

6 Calendar Months 

-or- 

3 Calendar Years  

Verify that the station battery can perform as manufactured by 
evaluating cell/unit measurements indicative of battery performance 
(e.g. internal ohmic values or float current) against the station battery 
baseline. 

-or- 
Verify that the station battery can perform as manufactured by 
conducting a performance or modified performance capacity test of 
the entire battery bank. 
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Table 1-4(c) 

Component Type – Protection System Station dc Supply Using Nickel-Cadmium (NiCad) Batteries 

Excluding distributed UFLS and distributed UVLS (see Table 3) 

 

Protection System Station dc supply used only for non-BES interrupting devices for RAS, non-distributed UFLS system, or non-distributed UVLS systems is 
excluded (see Table 1-4(e)). 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Protection System Station dc supply Nickel-Cadmium (NiCad) 
batteries not having monitoring attributes of Table 1-4(f). 

4 Calendar Months 

Verify: 

• Station dc supply voltage  

Inspect:  

• Electrolyte level  

• For unintentional grounds  

18 Calendar 
Months 

Verify: 

• Float voltage of battery charger  

• Battery continuity  

• Battery terminal connection resistance  

• Battery intercell or unit-to-unit connection resistance  

Inspect: 

• Cell condition of all individual battery cells. 

• Physical condition of battery rack  
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Table 1-4(c) 

Component Type – Protection System Station dc Supply Using Nickel-Cadmium (NiCad) Batteries 

Excluding distributed UFLS and distributed UVLS (see Table 3) 

 

Protection System Station dc supply used only for non-BES interrupting devices for RAS, non-distributed UFLS system, or non-distributed UVLS systems is 
excluded (see Table 1-4(e)). 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

6 Calendar Years  
Verify that the station battery can perform as manufactured by 
conducting a performance or modified performance capacity test of 
the entire battery bank.  
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Table 1-4(d) 

Component Type – Protection System Station dc Supply Using Non Battery Based Energy Storage 

Excluding distributed UFLS and distributed UVLS (see Table 3) 

 

Protection System Station dc supply used only for non-BES interrupting devices for RAS, non-distributed UFLS system, or non-distributed UVLS systems is 
excluded (see Table 1-4(e)). 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Any Protection System station dc supply not using a battery 
and not having monitoring attributes of Table 1-4(f). 

4 Calendar Months 

Verify: 

• Station dc supply voltage  

Inspect:  

• For unintentional grounds  

18 Calendar 
Months 

Inspect: 

Condition of non-battery based dc supply 

6 Calendar Years Verify that the dc supply can perform as manufactured when ac power 
is not present. 
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Table 1-4(e) 

Component Type – Protection System Station dc Supply for non-BES Interrupting Devices for RAS, non-distributed UFLS, and non-distributed UVLS systems 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Any Protection System dc supply used for tripping only non-
BES interrupting devices as part of a RAS, non-distributed 
UFLS, or non-distributed UVLS system and not having 
monitoring attributes of Table 1-4(f). 

When control 
circuits are verified 

(See Table 1-5) 
Verify Station dc supply voltage. 
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Table 1-4(f) 
Exclusions for Protection System Station dc Supply Monitoring Devices and Systems 

Component Attributes Maximum Maintenance 
Interval Maintenance Activities 

Any station dc supply with high and low voltage monitoring 
and alarming of the battery charger voltage to detect charger 
overvoltage and charger failure (See Table 2). 

No periodic 
maintenance specified 

No periodic verification of station dc supply voltage is required. 

Any battery based station dc supply with electrolyte level 
monitoring and alarming in every cell (See Table 2). 

No periodic inspection of the electrolyte level for each cell is 
required. 

Any station dc supply with unintentional dc ground monitoring 
and alarming (See Table 2). No periodic inspection of unintentional dc grounds is required. 

Any station dc supply with charger float voltage monitoring 
and alarming to ensure correct float voltage is being applied 
on the station dc supply (See Table 2). 

No periodic verification of float voltage of battery charger is 
required. 

Any battery based station dc supply with monitoring and 
alarming of battery string continuity (See Table 2). No periodic verification of the battery continuity is required. 

Any battery based station dc supply with monitoring and 
alarming of the intercell and/or terminal connection detail 
resistance of the entire battery (See Table 2). 

No periodic verification of the intercell and terminal connection 
resistance is required.  

Any Valve Regulated Lead-Acid (VRLA) or Vented Lead-Acid 
(VLA) station battery with internal ohmic value or float current 
monitoring and alarming, and evaluating present values 
relative to baseline internal ohmic values for every cell/unit 
(See Table 2). 

No periodic evaluation relative to baseline of battery cell/unit 
measurements indicative of battery performance is required to 
verify the station battery can perform as manufactured.  

Any Valve Regulated Lead-Acid (VRLA) or Vented Lead-Acid 
(VLA) station battery with monitoring and alarming of each 
cell/unit internal ohmic value (See Table 2). 

No periodic inspection of the condition of all individual units by 
measuring battery cell/unit internal ohmic values of a station 
VRLA or Vented Lead-Acid (VLA) battery is required. 
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Table 1-5  

Component Type - Control Circuitry Associated With Protective Functions 
Excluding distributed UFLS and distributed UVLS (see Table 3), Automatic Reclosing (see Table 4), and Sudden Pressure Relaying (see Table 5) 

Note: Table requirements apply to all Control Circuitry Components of Protection Systems, and RAS except as noted. 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Trip coils or actuators of circuit breakers, interrupting devices, or mitigating 
devices (regardless of any monitoring of the control circuitry). 

6 Calendar 
Years 

Verify that each trip coil is able to operate the circuit 
breaker, interrupting device, or mitigating device. 

Electromechanical lockout devices which are directly in a trip path from the 
protective relay to the interrupting device trip coil (regardless of any 
monitoring of the control circuitry). 

6 Calendar 
Years 

Verify electrical operation of electromechanical lockout 
devices. 

Unmonitored control circuitry associated with RAS. 

(See Table 4-2(b) for RAS which include Automatic Reclosing.) 
12 Calendar 

Years 
Verify all paths of the control circuits essential for proper 
operation of the RAS. 

Unmonitored control circuitry associated with protective functions inclusive 
of all auxiliary relays. 

12 Calendar 
Years 

Verify all paths of the trip circuits inclusive of all auxiliary 
relays through the trip coil(s) of the circuit breakers or 
other interrupting devices. 

Control circuitry associated with protective functions and/or RAS whose 
integrity is monitored and alarmed (See Table 2). 

No periodic 
maintenance 

specified 
None. 
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Table 2 – Alarming Paths and Monitoring 

In Tables 1-1 through 1-5, Table 3, Tables 4-1 through 4-2, and Table 5 alarm attributes used to justify extended maximum maintenance intervals and/or 
reduced maintenance activities are subject to the following maintenance requirements 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Any alarm path through which alarms in Tables 1-1 through 1-5, Table 3, Tables 
4-1 through 4-2, and Table 5 are conveyed from the alarm origin to the location 
where corrective action can be initiated, and not having all the attributes of the 
“Alarm Path with monitoring” category below. 

Alarms are reported within 24 hours of detection to a location where 
corrective action can be initiated. 

12 Calendar Years 
Verify that the alarm path conveys alarm signals 
to a location where corrective action can be 
initiated. 

Alarm Path with monitoring: 

The location where corrective action is taken receives an alarm within 24 hours 
for failure of any portion of the alarming path from the alarm origin to the 
location where corrective action can be initiated. 

No periodic 
maintenance 

specified 
None. 
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Table 3  

Maintenance Activities and Intervals for distributed UFLS and distributed UVLS Systems 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Any unmonitored protective relay not having all the monitoring attributes of 
a category below. 

6 Calendar 
Years 

Verify that settings are as specified. 

For non-microprocessor relays: 

• Test and, if necessary calibrate. 

For microprocessor relays:  

• Verify operation of the relay inputs and outputs that are 
essential to proper functioning of the Protection System. 

• Verify acceptable measurement of power system input 
values. 

Monitored microprocessor protective relay with the following: 

• Internal self-diagnosis and alarming (See Table 2).  

• Voltage and/or current waveform sampling three or more times per 
power cycle, and conversion of samples to numeric values for 
measurement calculations by microprocessor electronics. 

Alarming for power supply failure (See Table 2). 

12 Calendar 
Years 

Verify: 

• Settings are as specified. 

• Operation of the relay inputs and outputs that are essential 
to proper functioning of the Protection System. 

• Acceptable measurement of power system input values 

Monitored microprocessor  protective relay with preceding row attributes 
and the following: 

• Ac measurements are continuously verified by comparison to an 
independent ac measurement source, with alarming for excessive error 
(See Table 2). 

12 Calendar 
Years 

Verify only the unmonitored relay inputs and outputs that are 
essential to proper functioning of the Protection System. 
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Table 3  

Maintenance Activities and Intervals for distributed UFLS and distributed UVLS Systems 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

• Some or all binary or status inputs and control outputs are monitored by 
a process that continuously demonstrates ability to perform as 
designed, with alarming for failure (See Table 2). 

Alarming for change of settings (See Table 2). 

Voltage and/or current sensing devices associated with UFLS or UVLS 
systems. 

12 Calendar 
Years 

Verify that current and/or voltage signal values are provided to 
the protective relays. 

Protection System dc supply for tripping non-BES interrupting devices used 
only for a UFLS or UVLS system. 

12 Calendar 
Years Verify Protection System dc supply voltage. 

Control circuitry between the UFLS or UVLS relays and electromechanical 
lockout and/or tripping auxiliary devices (excludes non-BES interrupting 
device trip coils). 

12 Calendar 
Years 

Verify the path from the relay to the lockout and/or tripping 
auxiliary relay (including essential supervisory logic). 

Electromechanical lockout and/or tripping auxiliary devices associated only 
with UFLS or UVLS systems (excludes non-BES interrupting device trip coils). 

12 Calendar 
Years 

Verify electrical operation of electromechanical lockout and/or 
tripping auxiliary devices. 

Control circuitry between the electromechanical lockout and/or tripping 
auxiliary devices and the non-BES interrupting devices in UFLS or UVLS 
systems, or between UFLS or UVLS relays (with no interposing 
electromechanical lockout or auxiliary device) and the non-BES interrupting 
devices (excludes non-BES interrupting device trip coils). 

No periodic 
maintenance 

specified 
None. 

Trip coils of non-BES interrupting devices in UFLS or UVLS systems. 
No periodic 

maintenance 
specified 

None. 
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Table 4-1 

Maintenance Activities and Intervals for Automatic Reclosing Components 

Component Type – Reclosing Relay 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Any unmonitored reclosing relay not having all the monitoring attributes of a 
category below. 

6 Calendar 
Years 

Verify that settings are as specified. 

For non-microprocessor relays: 

• Test and, if necessary calibrate 

For microprocessor relays:  

• Verify operation of the relay inputs and outputs that are 
essential to proper functioning of the Automatic Reclosing. 

Monitored microprocessor reclosing relay with the following: 

• Internal self-diagnosis and alarming (See Table 2). 

• Alarming for power supply failure (See Table 2). 

12 Calendar 
Years 

Verify: 

• Settings are as specified. 

• Operation of the relay inputs and outputs that are essential 
to proper functioning of the Automatic Reclosing. 
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Table 4-2(a) 

Maintenance Activities and Intervals for Automatic Reclosing Components 

Component Type – Control Circuitry Associated with Reclosing Relays that are NOT an Integral Part of an RAS 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Unmonitored Control circuitry associated with Automatic Reclosing that is 
not an integral part of an RAS. 

12 Calendar 
Years 

Verify that Automatic Reclosing, upon initiation, does not 
issue a premature closing command to the close circuitry. 

Control circuitry associated with Automatic Reclosing that is not part of an 
RAS and is monitored and alarmed for conditions that would result in a 
premature closing command.  (See Table 2) 

No periodic 
maintenance 

specified 
None. 
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Table 4-2(b) 

Maintenance Activities and Intervals for Automatic Reclosing Components 

Component Type – Control Circuitry Associated with Reclosing Relays that ARE an Integral Part of an RAS 

Component Attributes 
Maximum 

Maintenance 
Interval 

Maintenance Activities 

Close coils or actuators of circuit breakers or similar devices that are used in 
conjunction with Automatic Reclosing as part of an RAS (regardless of any 
monitoring of the control circuitry). 

6 Calendar 
Years 

Verify that each close coil or actuator is able to operate the 
circuit breaker or mitigating device. 

Unmonitored close control circuitry associated with Automatic Reclosing 
used as an integral part of an RAS. 

12 Calendar 
Years 

Verify all paths of the control circuits associated with Automatic 
Reclosing that are essential for proper operation of the RAS. 

Control circuitry associated with Automatic Reclosing that is an integral part 
of an RAS whose integrity is monitored and alarmed.  (See Table 2) 

No periodic 
maintenance 

specified 
None. 
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Table 5 

Maintenance Activities and Intervals for Sudden Pressure Relaying  

Note: In cases where Components of Sudden Pressure Relaying are common to Components listed in Table 1-5, the Components only need to be tested once 
during a distinct maintenance interval. 

Component Attributes Maximum Maintenance 
Interval Maintenance Activities 

Any fault pressure relay. 6 Calendar Years Verify the pressure or flow sensing mechanism is operable.  

Electromechanical lockout devices which are directly in a 
trip path from the fault pressure relay to the interrupting 
device trip coil (regardless of any monitoring of the control 
circuitry). 

6 Calendar Years Verify electrical operation of electromechanical lockout devices. 

Unmonitored control circuitry associated with Sudden 
Pressure Relaying.  12 Calendar Years 

Verify all paths of the trip circuits inclusive of all auxiliary relays 
through the trip coil(s) of the circuit breakers or other interrupting 
devices. 

Control circuitry associated with Sudden Pressure Relaying 
whose integrity is monitored and alarmed (See Table 2). 

No periodic maintenance 
specified None. 

Draft #3: October 20, 2014  Page 36 of 37  



Application Guidelines 

PRC-005 — Attachment A 

Criteria for a Performance-Based Protection System Maintenance Program 
 
Purpose: To establish a technical basis for initial and continued use of a performance-based 
Protection System Maintenance Program (PSMP). 
 
To establish the technical justification for the initial use of a performance-based PSMP: 

1. Develop a list with a description of Components included in each designated Segment, 
with a minimum Segment population of 60 Components. 

2. Maintain the Components in each Segment according to the time-based maximum 
allowable intervals established in Tables 1-1 through 1-5, Table 3, Tables 4-1 through 4-
2, and Table 5 until results of maintenance activities for the Segment are available for a 
minimum of 30 individual Components of the Segment. 

3. Document the maintenance program activities and results for each Segment, including 
maintenance dates and Countable Events for each included Component.  

4. Analyze the maintenance program activities and results for each Segment to determine 
the overall performance of the Segment and develop maintenance intervals. 

5. Determine the maximum allowable maintenance interval for each Segment such that 
the Segment experiences Countable Events on no more than 4% of the Components 
within the Segment, for the greater of either the last 30 Components maintained or all 
Components maintained in the previous year.  

To maintain the technical justification for the ongoing use of a performance-based PSMP: 

1. At least annually, update the list of Components and Segments and/or description if any 
changes occur within the Segment. 

2. Perform maintenance on the greater of 5% of the Components (addressed in the 
performance based PSMP) in each Segment or 3 individual Components within the 
Segment in each year. 

3. For the prior year, analyze the maintenance program activities and results for each 
Segment to determine the overall performance of the Segment. 

4. Using the prior year’s data, determine the maximum allowable maintenance interval for 
each Segment such that the Segment experiences Countable Events on no more than 
4% of the Components within the Segment, for the greater of either the last 30 
Components maintained or all Components maintained in the previous year. 

If the Components in a Segment maintained through a performance-based PSMP experience 
4% or more Countable Events, develop, document, and implement an action plan to reduce the 
Countable Events to less than 4% of the Segment population within 3 years. 
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Standard Development Timeline 
 

 

 
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. Standard Authorization Request (SAR) posted for comment on January 20, 2010. 

2. Revised SAR with supporting draft standard language posted for informal comment on 
September 10, 2013. 

3. Draft standard posted for informal comment on March 17, 2014. 

4. Draft standard posted for formal comment and ballot June 24, 2014. 
 

Description of Current Draft 

This is the second draft of the proposed Reliability Standard PRC‐010‐1, and it is being posted for 
final ballot. 

 

 

Anticipated Actions  Anticipated Date 

10‐day Final Ballot  September 2014 

Present to NERC Board of Trustees for Approval  November 2014 
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Effective Dates 
See Implementation Plan. 

 

Version History 
 

Version  Date  Action  Change Tracking 

1.0  TBD  Revisions made under Project 2008‐
02: Undervoltage Load Shedding 
(UVLS) & Underfrequency Load 
Shedding (UFLS) to address directive 
issued in FERC Order No. 763. 
Completed revision, merged and 
updated PRC‐010‐0, PRC‐020‐1, PRC‐ 
021‐1, and PRC‐022‐1. 

Revision 
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Definitions of Terms Used in Standard 

This section includes all newly defined or revised terms used in the proposed standard. Terms 
already defined in the Glossary of Terms Used in NERC Reliability Standards (Updated August 20, 
2014) are not repeated here. New or  revised definitions listed below become approved when the 
proposed standard is approved.  When the standard becomes effective, these defined terms will 
be removed from the individual  standard and added to the Glossary. 

 
Undervoltage Load Shedding Program (UVLS Program): An automatic load shedding program, 
consisting of distributed relays and controls, used to mitigate undervoltage conditions impacting 
the Bulk Electric System (BES), leading to voltage instability, voltage collapse, or Cascading. 
Centrally controlled undervoltage‐based load shedding is not included. 

 

Rationale for Definition: As part of the development of PRC‐010‐1, the drafting team 
found it necessary to introduce the term Undervoltage Load Shedding Program (UVLS 
Program) to establish the applicability of PRC‐010‐1. The following are critical defining 
elements of the proposed term: 

1) The definition provides latitude for the Planning Coordinator or Transmission Planner to 
determine if UVLS falls under the defined term based on the impact on  the reliability of the 
BES. (See Guidelines and Technical Basis section for further discussion.) 

2) Centrally controlled undervoltage‐based load shedding is excluded because its design 
and characteristics are commensurate with a Special Protection Systems (SPS) or Remedial 
Action Scheme (RAS) (wherein load shedding is the remedial action). As such, centrally 
controlled undervoltage‐based load shedding should be subject to SPS/RAS‐related 
Reliability Standards. (See Guidelines and Technical Basis section for rationale.) 

 
Consequently, the drafting team has recommended that Project 2010‐05.2 – Special 
Protection Systems (Phase 2 of Protection Systems) include centrally controlled 
undervoltage‐based load shedding in the definition of a Special Protection 
System/Remedial Action Scheme. 

 

3) The definition of UVLS Program is independent of whether the undervoltage load 
shedding relays are armed manually or automatically since the arming is done in 
anticipation of extreme conditions and not during the events when load shedding needs to 
occur. 
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When this standard has received ballot approval, the text boxes will be moved to the Guidelines 
and Technical Basis section of the Standard. 

 
 

A. Introduction 

1. Title: Undervoltage Load Shedding 

2. Number: PRC‐010‐1 

3. Purpose: To establish an integrated and coordinated approach to the design, 
evaluation, and reliable operation of Undervoltage Load Shedding Programs (UVLS 
Programs). 

 

 

 
4. Applicability: 

4.1. Functional Entities: 
4.1.1 Planning Coordinator 

4.1.2 Transmission Planner 

4.1.3 Undervoltage load shedding (UVLS) entities – Distribution Providers and 
Transmission Owners responsible for the ownership, operation, or control 
of UVLS equipment as required by the UVLS Program established by the 
Transmission Planner or Planning Coordinator. 

Rationale for Applicability: This standard is applicable to Planning Coordinators and 
Transmission Planners that have or are developing a UVLS Program, and to Distribution 
Providers and Transmission Owners responsible for the ownership, operation, or control 
of UVLS equipment as required by the UVLS Program established by the Transmission 
Planner or Planning Coordinator. These Distribution Providers and Transmission Owners
are referred to as UVLS entities for the purpose of this standard. 

The applicability includes both the Planning Coordinator and Transmission Planner 
because either may be responsible for designing and coordinating the program based on 
agreements, memorandums of understanding, or tariffs. 

The phrase “Planning Coordinator or Transmission Planner” provides the latitude for 
applicability to the entity that will perform the action. The expectation is not that both 
parties will perform the action, but rather that the Planning Coordinator and 
Transmission Planner will engage in discussion to determine the appropriate responsible 
entity. 
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5. Background:
PRC‐010‐1 – Undervoltage Load Shedding is a consolidation and revision of the

following Reliability Standards:

 PRC‐010‐0 – Assessment of the Design and Effectiveness of UVLS Program

 PRC‐020‐1 – Under‐Voltage Load Shedding Program Database

 PRC‐021‐1 – Under‐Voltage Load Shedding Program Data

 PRC‐022‐1 – Under‐Voltage Load Shedding Program Performance

The UVLS Standard Drafting Team (or drafting team) developed the revised PRC‐010‐1 
to meet the following objectives: 

 Address the FERC directive in Order No. 693, Paragraph 1509 to modify PRC‐010‐
0 to require an integrated and coordinated approach to all protection systems.

 Replace the applicability to and involvement of the Regional Reliability
Organization (RRO) in PRC‐020‐1 and PRC‐021‐1.

 Consolidate the UVLS‐related standards into one comprehensive standard
(similar to the construct of FERC‐approved PRC‐006‐1– Automatic
Underfrequency Load Shedding).

 Clearly identify and separate centrally controlled undervoltage‐based load
shedding due to the reliability requirements needed for this type of load
shedding as compared to other UVLS systems.

 Create a single results‐based standard that addresses current reliability issues
associated with UVLS.
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B. Requirements and Measures 
 

 

 
R1.  Each Planning Coordinator or Transmission Planner that is developing a UVLS Program 

shall evaluate its effectiveness and subsequently provide the UVLS Program’s 
specifications and implementation schedule to the UVLS entities responsible for 
implementing the UVLS Program. The evaluation shall include, but is not limited to, 
studies and analyses that show: [Violation Risk Factor: High] [Time Horizon: Long‐term 
Planning] 

1.1. The implementation of the UVLS Program resolves the identified undervoltage 
issues that led to its development and design. 

1.2. The UVLS Program is integrated through coordination with generator voltage 
ride‐through capabilities and other protection and control systems, including, 
but not limited to, transmission line protection, autoreclosing, Remedial Action 
Schemes, and other undervoltage‐based load shedding programs. 

M1.   Acceptable evidence may include, but is not limited to, date‐stamped studies and 
analyses, reports, or other documentation detailing the effectiveness of the UVLS 
Program, and date‐stamped communications showing that the UVLS Program 
specifications and implementation schedule were provided to UVLS entities. 

Rationale for R1: In Paragraph 1509 from Order No. 693, FERC directed NERC to require
an integrated and coordinated approach to all protection systems. The drafting team
agrees that a lack of coordination among protection systems is a key risk to reliability, and 
that each Planning Coordinator or Transmission Planner that develops a UVLS        
Program should evaluate the program’s viability and effectiveness prior to 
implementation. This evaluation should include studies and analyses used when 
developing the program that show implementation of the program resolves the identified 
undervoltage conditions that led to its design. These studies and analyses should also 
show that the UVLS Program is integrated through coordination with generator voltage
ride‐through capabilities and other protection and control systems. Though presented as 
separate items, the drafting team recognizes that the studies that show coordination 
considerations and that the program addresses undervoltage issues may be interrelated
and presented as one comprehensive analysis. 

In addition, Requirement R1 also requires the Planning Coordinator or Transmission 
Planner to provide the UVLS Program’s specifications and implementation schedule to 
applicable UVLS entities to implement the program. It is noted that studies to evaluate
the effectiveness of the program should be completed prior to providing the
specifications and schedule. 



PRC‐010‐1 – Undervoltage Load Shedding

Draft 2: August 26, 2014  Page 7 of 24

 

 

 
 

 

 

R2.  Each UVLS entity shall adhere to the UVLS Program specifications and 
implementation schedule determined by its Planning Coordinator or Transmission 
Planner associated with UVLS Program development per Requirement R1 or with any 
Corrective Action Plans per Requirement R5.  [Violation Risk Factor: High] [Time 
Horizon: Long‐term Planning] 

M2.   Acceptable evidence must include date‐stamped documentation on the completion of 
actions and may include, but is not limited to, identifying the equipment armed with 
UVLS relays, the UVLS relay settings, associated Load summaries, work management 
program records, work orders, and maintenance records. 

 

 

 
R3.  Each Planning Coordinator or Transmission Planner shall perform a comprehensive 

assessment to evaluate the effectiveness of each of its UVLS Programs at least once 
every 60 calendar months. Each assessment shall include, but is not limited to, studies 
and analyses that evaluate whether: [Violation Risk Factor: Medium] [Time Horizon: 
Long‐term Planning] 

3.1. The UVLS Program resolves the identified undervoltage issues for which the 
UVLS Program is designed. 

Rationale for R2: UVLS entities must implement a UVLS Program or address any necessary
corrective actions for a UVLS Program according to the specifications and schedule provided 
by the Planning Coordinator or Transmission Planner. If UVLS entities do not implement the
UVLS Program according to the specifications and schedule provided, the UVLS Program
may not be effective and may not achieve its intended goal. 

Rationale for R3: A periodic comprehensive assessment (detailed analysis) should be
conducted to identify and catalogue the accumulated effects of minor changes to the
system that have occurred since the last assessment was completed, and should include an 
evaluation of each UVLS Program to ensure the continued integration through 
coordination. This comprehensive assessment supplements the NERC Reliability Standard 
TPL‐001‐4 annual assessment requirement to evaluate the impact of protection systems. 

Based on the drafting team’s knowledge and experience, and in keeping with time frames
contained in similar requirements from other PRC Reliability Standards, 60 calendar 
months was determined to be the maximum amount of time allowable between
assessments.  Assessments will be performed sooner than the end of the 60‐calendar 
month period if the Planning  Coordinator or Transmission Planner determines that there
are material changes to system topology or operating conditions that affect the
performance of a UVLS Program. Note that the 60‐calendar‐month time frame would reset
after each assessment. 
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3.2. The UVLS Program is integrated through coordination with generator voltage 
ride‐through capabilities and other protection and control systems, including, 
but not limited to, transmission line protection, autoreclosing, Remedial Action 
Schemes, and other undervoltage‐based load shedding programs. 

M3.   Acceptable evidence may include, but is not limited to, date‐stamped reports or other 
documentation detailing the assessment of the UVLS Program. 

 

 

 
R4.  Each Planning Coordinator or Transmission Planner shall, within 12 calendar months 

of an event that resulted in a voltage excursion for which its UVLS Program was 
designed to operate, perform an assessment to evaluate whether its UVLS Program 
resolved the undervoltage issues associated with the event. [Violation Risk Factor: 
Medium] [Time Horizon: Operations Planning] 

M4.   Acceptable evidence may include, but is not limited to, date‐stamped event data, 
event analysis reports, or other documentation detailing the assessment of the UVLS 
Program. 

 

 

 
R5.  Each Planning Coordinator or Transmission Planner that identifies deficiencies in its 

UVLS Program during an assessment performed in either Requirement R3 or R4 shall 
develop a Corrective Action Plan to address the deficiencies and subsequently provide 
the Corrective Action Plan, including an implementation schedule, to UVLS entities 

Rationale for R4: A UVLS Program not functioning as expected during a voltage excursion event
for which the UVLS Program was designed to operate presents a critical risk to system
reliability. Therefore, a timely assessment to evaluate whether the UVLS Program resolved the
undervoltage issues associated with the applicable event is essential. The 12 calendar months 
(from the date of the event) provides adequate time to coordinate with other Planning 
Coordinators, Transmission Planners, Transmission Operators, and UVLS entities, simulate pre‐ 
and post‐event conditions, and complete the performance assessment. 

Rationale for R5: If program deficiencies are identified during an assessment of a UVLS 
Program performed in either Requirement R3 or R4, the Planning Coordinator or
Transmission Planner must develop a Corrective Action Plan (CAP) to address the
deficiencies. Based on the drafting team’s knowledge and experience with UVLS studies,
three calendar months was determined to provide a judicious balance between the
reliability need to address deficiencies expeditiously and the time needed to consider 
potential solutions, coordinate resources, develop a CAP and implementation schedule, 
and provide the CAP and schedule to UVLS entities. 

It is noted that the three‐month time frame is only to develop the CAP and provide it to 
UVLS entities and does not encompass the time UVLS entities have to implement the CAP.
Requirement R2 requires UVLS entities to execute the CAP according to the schedule 
provided by the Planning Coordinator or Transmission Planner. 
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within three calendar months of completing the assessment. [Violation Risk Factor: 
Medium] [Time Horizon: Operations Planning] 

M5.   Acceptable evidence must include a date‐stamped Corrective Action Plan that 
addresses identified deficiencies and may also include date‐stamped reports or other 
documentation supporting the Corrective Action Plan. Evidence should also include 
date‐stamped communications showing that the Corrective Action Plan and an 
associated implementation schedule were provided to UVLS entities. 

R6.  Each Planning Coordinator that has a UVLS Program in its area shall update a database 
containing data necessary to model the UVLS Program(s) in its area for use in event 
analyses and assessments of the UVLS Program at least once each calendar year. 
[Violation Risk Factor: Lower] [Time Horizon: Operations Planning] 

M6.  Acceptable evidence may include, but is not limited to, date‐stamped spreadsheets, 
database reports, or other documentation demonstrating a UVLS Program database 
was updated. 

R7.  Each UVLS entity shall provide data to its Planning Coordinator according to the format 
and schedule specified by the Planning Coordinator to support maintenance of        
a UVLS Program database. [Violation Risk Factor: Lower] [Time Horizon: Operations 
Planning] 

M7.   Acceptable evidence may include, but is not limited to, date‐stamped emails, letters, 
or other documentation demonstrating data was provided to the Planning 
Coordinator as specified. 

Rationale for R6:  Having accurate and current data is required for the Planning 
Coordinator to perform undervoltage studies and for use in event analyses. Requirement
R6 supports this reliability need by requiring the Planning Coordinator to update its UVLS 
Program database at least once each calendar year. 

Rationale for R7: Having accurate and current data is required for the Planning 
Coordinator to perform undervoltage studies and for use in event analyses. 
Requirement R7 supports this reliability need by requiring the UVLS entity to provide 
UVLS Program data in accordance with specified parameters. 

Rationale for R8: Requirement R8 supports the integrated and coordinated approach to 
UVLS programs directed by Paragraph 1509 of Order No. 693 by requiring that UVLS 
Program data be shared with neighboring Planning Coordinators and Transmission 
Planners within a reasonable time period. Requests for the database should also be
fulfilled for those functional entities that have a reliability need for the data (such as the
Transmission Operators that develop System Operating Limits and Reliability 
Coordinators that develop Interconnection Reliability Operating Limits). 
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R8.  Each Planning Coordinator that has a UVLS Program in its area shall provide its UVLS 
Program database to other Planning Coordinators and Transmission Planners within its 
Interconnection, and other functional entities with a reliability need, within 30 
calendar days of a written request. [Violation Risk Factor: Lower] [Time Horizon: 
Operations Planning] 

M8.   Acceptable evidence may include, but is not limited to, date‐stamped emails, letters, 
or other documentation demonstrating that the UVLS Program database was provided 
within 30 calendar days of receipt of a written request. 

C. Compliance 

1. Compliance Monitoring Process

1.1. Compliance Enforcement Authority

As defined in the NERC Rules of Procedure, “Compliance Enforcement Authority” 
means NERC or the Regional Entity in their respective roles of monitoring and 
enforcing compliance with the NERC Reliability Standards. 

1.2. Evidence Retention 
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance. For instances 
where the evidence retention period specified below is shorter than the time 
since the last audit, the Compliance Enforcement Authority may ask an entity to 
provide other evidence to show that it was compliant for the full‐time period 
since the last audit. 

The Planning Coordinator, Transmission Planner, Distribution Provider, and 
Transmission Owner shall 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 applicable entity shall retain documentation as evidence for six calendar years. 

If an applicable entity is found non‐compliant, it shall keep information related 
to the non‐compliance until mitigation is complete and approved, or for the time 
specified above, whichever is longer. 

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

1.3. Compliance Monitoring and Assessment Processes: 

“Compliance Monitoring and Assessment Processes” refers to the identification 
of the processes that will be used to evaluate data or information for the 
purpose of assessing performance or outcomes with the associated reliability 
standard. 

1.4. Additional Compliance Information 

None 
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Table of Compliance Elements 

R #  Time Horizon  VRF  Violation Severity Levels 

Lower VSL  Moderate VSL  High VSL  Severe VSL 

R1  Long‐term 
Planning 

High  N/A  N/A  N/A  The applicable entity 
that developed the 
UVLS Program failed to 
evaluate the program’s 
effectiveness and 
subsequently provide 
the UVLS Program’s 
specifications and 
implementation 
schedule to UVLS 
entities in accordance 
with Requirement R1, 
including the items 
specified in Parts 1.1 
and 1.2. 
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R2  Long‐term 
Planning 

High  N/A  N/A  The applicable entity 
failed to adhere to the 
UVLS Program 
specifications in 
accordance with 
Requirement R2. 

OR 

The applicable entity 
failed to adhere to the 
implementation 
schedule in accordance 
with Requirement R2. 

The applicable entity 
failed to adhere to the 
UVLS Program 
specifications and 
implementation 
schedule in accordance 
with Requirement R2. 

R3  Long‐term 
Planning 

Medium  N/A  N/A  N/A  The applicable entity 
failed to perform an 
assessment at least 
once during the 60 
calendar months in 
accordance with 
Requirement R3, 
including the items 
specified in Parts 3.1 
and 3.2. 
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R4  Operations 
Planning 

Medium  The applicable entity 
performed an 
assessment in 
accordance with 
Requirement R4 within 
a time period greater 
than 12 calendar 
months but less than or 
equal to 13 calendar 
months after an 
applicable event. 

The applicable entity 
performed an 
assessment in 
accordance with 
Requirement R4 within 
a time period greater 
than 13 calendar 
months but less than or 
equal to 14 calendar 
months after an 
applicable event. 

The applicable entity 
performed an 
assessment in 
accordance with 
Requirement R4 within 
a time period greater 
than 14 calendar 
months but less than or 
equal to 15 calendar 
months after an 
applicable event. 

The applicable entity 
performed an 
assessment in 
accordance with 
Requirement R4 within 
a time period greater 
than 15 calendar 
months after an 
applicable event. 

OR 

The applicable entity 
failed to perform an 
assessment in 
accordance with 
Requirement R4. 

R5  Operations 
Planning 

Medium  The applicable entity 
developed a Corrective 
Action Plan and 
provided it to UVLS 
entities in accordance 
with Requirement R5 
but was late by less than 
or equal to 15 calendar 
days. 

The applicable entity 
developed a Corrective 
Action Plan and 
provided it to UVLS 
entities in accordance 
with Requirement R5 
but was late by more 
than 15 calendar days 
but less than or equal to 
30 calendar days. 

The applicable entity 
developed a Corrective 
Action Plan and 
provided it to UVLS 
entities in accordance 
with Requirement R5 
but was late by more 
than 30 calendar days 
but less than or equal to 
45 calendar days. 

The applicable entity 
developed a Corrective 
Action Plan and 
provided it to UVLS 
entities in accordance 
with Requirement R5 
but was late by more 
than 45 calendar days. 

OR 

The responsible entity 
failed to develop a 
Corrective Action Plan 
or provide it to UVLS 
entities in accordance 
with Requirement R5. 



PRC‐010‐1 – Undervoltage Load Shedding

Draft 2: August 26, 2014  Page 14 of 24

R6  Operations 
Planning 

Lower  The applicable entity 
updated the database in 
accordance with 
Requirement R6 but was 
late by less than or 
equal to 30 calendar 
days. 

The applicable entity 
updated the database in 
accordance with 
Requirement R6 but was 
late by more than 30 
calendar days but       
less than or equal to 60 
calendar days. 

The applicable entity 
updated the database in 
accordance with 
Requirement R6 but was 
late by more than 60 
calendar days but       
less than or equal to 90 
calendar days. 

The applicable entity 
updated the database in 
accordance with 
Requirement R6 but was 
late by more than 90 
calendar days. 

OR 

The applicable entity 
failed to update the 
database in accordance 
with Requirement R6. 

R7  Operations 
Planning 

Lower  The applicable entity 
provided data in 
accordance with 
Requirement R7 but 
was late by less than or 
equal to 30 calendar 
days per the specified 
schedule. 

OR 

The applicable entity 
provided data in 
accordance with 
Requirement R7 but the 
data was not provided 
according to the 
specified format. 

The applicable entity 
provided data in 
accordance with 
Requirement R7 but 
was late by more than 
30 calendar days but 
less than or equal to 60 
calendar days per the 
specified schedule. 

The applicable entity 
provided data in 
accordance with 
Requirement R7 but 
was late by more than 
60 calendar days but 
less than or equal to 90 
calendar days per the 
specified schedule. 

The applicable entity 
provided data in 
accordance with 
Requirement R7 but was 
late by more than 90 
calendar days per the 
specified schedule. 

OR 

The applicable entity 
failed to provide data in 
accordance with 
Requirement R7. 
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R8  Operations 
Planning 

Lower  The applicable entity 
provided its UVLS 
Program database in 
accordance with 
Requirement R8 but 
was late by less than or 
equal to 15 calendar 
days. 

The applicable entity 
provided its UVLS 
Program database in 
accordance with 
Requirement R8 but 
was late by more than 
15 calendar days but 
less than or equal to 30 
calendar days. 

The applicable entity 
provided its UVLS 
Program database in 
accordance with 
Requirement R8 but 
was late by more than 
30 calendar days but 
less than or equal to 45 
calendar days. 

The applicable entity 
provided its UVLS 
Program database in 
accordance with 
Requirement R8 but was 
late by more than 45 
calendar days. 

OR 

The applicable entity 
failed to provide its 
UVLS Program database 
in accordance with 
Requirement R8. 

D. Regional Variances 

None. 

E. Interpretations 

None. 

F. Associated Documents 

None. 
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Guidelines and Technical Basis 

Introduction 

PRC‐010‐1 is a single, comprehensive standard that addresses the same reliability principles 
outlined in its legacy standards, PRC‐010‐0, PRC‐020‐1, PRC‐021‐1, and PRC‐022‐1. The standard 
also addresses a FERC directive from Order No. 693, Paragraph 1509. This paragraph directs 
NERC to develop a modification to PRC‐010‐0 that requires an integrated and coordinated 
approach to all protection systems, including generators and transmission lines, generators’ low 
voltage ride‐through capabilities, and underfrequency load shedding (UFLS) and UVLS programs. 

Since FERC‐approved PRC‐006‐1 – Automatic Underfrequency Load Shedding was developed 
under a similar construct of combining existing standards and addressing a FERC Order No. 693 
directive, the drafting team looked to this standard as a guide. With the understanding that 
UVLS and UFLS systems have fundamental differences, the drafting team adopted PRC‐006‐1’s 
industry‐vetted reliability principles and language as applicable to UVLS Programs. 

The drafting team’s established purpose for PRC‐010‐1 is to clearly define the responsibilities of 
applicable entities to pursue an integrated and coordinated approach to the design, evaluation, 
and reliable operation of UVLS Programs. Since the need for and design of UVLS Programs is 
unique to each system preservation footprint, the intent of the standard is to provide a 
framework of reliability requirements for such programs to which each individual entity can 
apply its program’s specific considerations and characteristics. The drafting team emphasizes 
that PRC‐010‐1 does not require a mandatory UVLS Program, nor does this standard address 
the need to have a UVLS Program. PRC‐010‐1 applies only after an entity has determined the 
need for a UVLS Program as a result of its own planning studies. 

The drafting team provides the following discussion to support the approach to the standard. 
The information is meant to enhance the understanding of the reliability needs and deliverable 
expectations of each requirement, supported as necessary by technical principles and industry 
experience. 

The design and characteristics of a centrally controlled undervoltage‐based load shedding 
system are commensurate with a Special Protection System (SPS) or Remedial Action Scheme 
(RAS), therefore, the drafting team maintains that this type of load shedding should be 
covered by SPS‐or‐RAS‐related Reliability Standards. Therefore, PRC‐010‐1 introduces a new 
Glossary of Terms Used in NERC Reliability Standards term, UVLS Program, to establish the 
applicability of PRC‐010‐1 to automatic load shedding programs consisting of distributed relays 
and controls used to mitigate undervoltage conditions impacting the Bulk Electric System 
(BES), leading to voltage instability, voltage collapse, or Cascading. Undervoltage‐based load 
shedding that does not have such an impact as determined by the Planning Coordinator or 
Transmission Planner is not included. It is further noted that this term excludes centrally 
controlled undervoltage‐based load shedding. 

Subsequently, since the current Glossary of Terms Used in NERC Reliability Standards 
definition of Special Protection System excludes UVLS, concurrent Project 2010‐05.2 – Special 
Protection Systems (Phase 2 of Protection Systems) will adjust the definition to exclude only 
UVLS Programs as defined above and therefore include centrally controlled undervoltage‐
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based load shedding. Of note, the drafting team for Project 2010‐05.2 is proposing to change 
the term from Special Protection System to Remedial Action Scheme. Accordingly, PRC‐010‐1 
uses the term Remedial Action Scheme instead of Special Protection System. In the current 
inventory of NERC Reliability Standards, there is one instance of the term undervoltage load 
shedding program, which is in NUC‐001‐2.1. Project 2012‐13–Nuclear Plant Interface 
Coordination has adjusted the language of this reference in proposed NUC‐001‐3 to eliminate 
any potential confusion of a lowercase usage of a defined term. Likewise, future projects 
containing standards that feature variations of the term (e.g., undervoltage load shedding 
system) will also be advised to consider the newly defined term. 
Requirements of the revised Reliability Standard PRC‐010‐1 meet the following objectives: 

• Evaluate a UVLS Program’s effectiveness prior to implementation, including the
program’s coordination with other protection systems and generator voltage ride‐
through capabilities.

• Adhere to UVLS Program specifications and implementation schedule.

• Perform periodic assessment and performance analysis of UVLS Programs and resolve
identified deficiencies.

• Maintain and share UVLS Program data.

Also of note, Project 2009‐03 – Emergency Operations is proposing EOP‐011‐1, which, as part 
of the overall revisions, retires specific requirements from EOP‐003‐2 – Load Shedding Plans to 
eliminate identified redundancy between PRC‐010‐1 and EOP‐003‐2. In addition, the UVLS 
drafting team’s intention is for PRC‐004 to address Misoperations of UVLS Programs that are 
intended to trip one or more BES Elements. A change to make these types of UVLS Programs 
explicitly applicable to PRC‐004 will be addressed once PRC‐004‐3 – Protection System 
Misoperation Identification and Correction is completed under Project 2010‐05.1 – 
Misoperations (Phase 1 of Protection Systems).
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Guidelines for UVLS Program Definition 

The definition for the term UVLS Program includes automatic load shedding programs that 
utilize only voltage inputs at locations where action is taken to shed load. As such, the failure of 
a single component is unlikely to affect the reliable operation of the program. 

The definition for the term UVLS Program excludes centrally controlled undervoltage‐based load 
shedding, which utilizes  inputs  from multiple  locations and may also utilize  inputs other  than 
voltages  (such as generator  reactive  reserves,  facility  loadings, equipment  statuses, etc.). The 
design and characteristics of a centrally controlled undervoltage‐based load shedding system are 
the same as that of a RAS, wherein load shedding is the remedial action. Therefore, just like for 
a RAS,  the  failure of  a  single  component  can  compromise  the  reliable operation  of  centrally 
controlled undervoltage‐based load shedding. 

To ensure that the applicability of the standard is to only those undervoltage‐based load shedding 
systems whose performance has an impact on system reliability, a UVLS Program must mitigate 
risk of one or more of the following: voltage instability, voltage collapse, or Cascading impacting 
the  BES. An example of a program that would not fall under this category is undervoltage‐based 
load shedding installed to mitigate damage to equipment or local loads that are directly affected 
by  the low voltage event. 

Below  is an example of a BES  subsystem  for which UVLS  system could be used as a solution 
to mitigate various issues following the loss of the 345 kV double circuit line between  bus A 
and bus B. If the consequence of this Contingency does not impact the BES by leading to 
voltage instability, voltage collapse, or Cascading involving the BES, UVLS system (installed at 
either, or both, bus B and D) used to mitigate this case would not fall under the definition of a 
UVLS Program. However, if this same UVLS system would be used to mitigate Adverse Reliability 
Impact outside  this  contained area,  it would be  classified as a wide‐area undervoltage 
problem and would fall under the definition of UVLS Program. 
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High Level Requirement Overview 

Requirement  Entity 
Evaluate 
Program 

Effectiveness 

Adhere to 
Program 

Specifications 
and Schedule 

Perform
Program 

Assessment 
(Periodic or 
Performance) 

Develop a 
CAP to 
Address 
Program 

Deficiencies 

Update 
and/or 
Share 

Program 
Data 

R1  PC or TP  X 

R2  UVLS entity  X 

R3  PC or TP  X  X 

R4  PC or TP  X  X 

R5  PC or TP  X 

R6  PC  X 

R7  UVLS entity  X 

R8  PC  X 

Guidelines for Requirement R1: 

A UVLS Program may be developed and  implemented  to either  serve as a  safety net  system 
protection measure  against  unforeseen  extreme  Contingencies  or  to  achieve  specific  system 
performance for known transmission Contingencies for which dropping of load is allowed under 
Transmission Planning (TPL) Reliability Standards. Regardless of the purpose, it is important that 
the  UVLS  Program  being  implemented  is  effective  in  terms  that  it  mitigates  undervoltage 
conditions impacting the Bulk Electric System (BES), leading to voltage instability, voltage collapse, 
or Cascading. Consideration should be given to voltage set points and time delays, rate of voltage 
decay or recovery, power flow levels,  etc. when designing a UVLS Program. 

For  the UVLS Program  to be effective  in achieving  its goal,  it  is also necessary  that  the UVLS 
Program  is  coordinated with generator voltage  ride‐through capabilities and other protection 
and control systems that may have an impact on the performance of the UVLS Program. Some of 
these  protection  and  control  systems may  include,  but  are  not  limited  to,  transmission  line 
protection, RAS, other undervoltage‐based load shedding programs, autoreclosing, and controls 
of shunt capacitors, reactors, and static var systems (SVSs). 

For  example,  if  the  purpose  of  a UVLS  Program  is  to mitigate  fault‐induced  delayed  voltage 
recovery (FIDVR) events in a large load center that also includes local generation, it is important 
that such a UVLS Program is coordinated with local generators’ voltage ride‐through capabilities. 
Generators in the vicinity of a load center are critical to providing dynamic voltage support to the 
system during FIDVR events. To maximize the benefit of on‐line generation, the best practice may 
be to shed load prior to generation trip. However, occasionally, it may be best to let generation 
trip prior to load shed. Therefore, the impact of generation tripping should be considered while 
designing a UVLS Program. 
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Another example that can be highlighted is the coordination of a UVLS Program with automatic 
shunt reactor tripping devices if there are any on the system. Most likely, any shunt reactors on 
the system will trip off automatically after some time delay during low voltage conditions. In such 
cases, shunt reactors should be tripped before the load is shed to preserve the system. This may 
require coordination of time delays associated with the UVLS Program with shunt reactor tripping 
devices. 

Examples  given  above  demonstrate  that,  for  a  UVLS  Program  to  be  effective,  proper 
consideration should be given to coordination of a UVLS Program with generator ride‐through 
capabilities and other protection and control systems. 

Guidelines for Requirement R2: 

Once a Planning Coordinator or Transmission Planner has identified a need for a UVLS Program, 
the Planning Coordinator or Transmission Planner will develop a program that includes 
specifications and an implementation schedule, which are then provided to UVLS entities per 
Requirement R1. Specifications may include voltage set points, time delays, amount of load to 
be shed, the location at which load needs to be shed, etc. If UVLS entities do not implement the 
UVLS Program according to the specifications and schedule provided, the UVLS Program may 
not be effective and may not achieve its intended goal. The UVLS entity must document that all 
necessary actions were completed to implement the UVLS Program. 

Similarly, when a Corrective Action Plan (CAP) to address UVLS Program deficiencies is 
developed by the Planning Coordinator or Transmission Planner and provided to UVLS entities 
per Requirement R5, UVLS entities must comply with the CAP and its associated 
implementation schedule to ensure that the UVLS Program is effective. The UVLS entity is 
required to complete the actions specified in the CAP, document the plan implementation, and 
retain the appropriate evidence to demonstrate implementation and completion. 

Deferrals or other relevant changes to the UVLS Program specifications or CAP need to be 
documented so that the record includes not only what was planned, but what was 
implemented. Depending on the planning and documentation format used by the responsible 
entity, evidence of a successful execution could consist of signed‐off work orders, printouts 
from work management systems, spreadsheets of planned versus completed work, 
timesheets, work inspection reports, paid invoices, photographs, walk‐through reports, or 
other evidence. 

For example, documentation of a CAP provides an auditable progress and completion 
confirmation for the identified UVLS Program deficiency: 

CAP Example 1 ‐ Corrective actions for a quick triggering problem; preemptive 
actions for similar installations: 

PC or TP obtains fault records from a UVLS entity that participates in its UVLS 
Program that indicate a group of UVLS relays triggered at the appropriate 
undervoltage level but with shorter delays than expected. The PC or TP 
directed the UVLS entity to schedule on‐site  inspections within three weeks. 
The results of the inspection confirmed that the delay‐time programmed on 
the relays was 60 cycles instead of 90 cycles. The PC or TP then directed  the 
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UVLS entity to correct to a 90‐cycle time delay setting of the UVLS relays 
identified to have shorter time delay settings within eight weeks. 

Applicability  to  other  UVLS  relays:  The  PC  or  TP  then  developed  a 
schedule with the UVLS entity to verify and adjust all remaining UVLS 
relays time delay settings within a one‐year period. 

The PC or TP verified completion of verification and adjustment of the 
time  delay  settings  for  all  of  the  UVLS  entity’s  equipment  that 
participates in the PC or TP UVLS Program  

CAP Example 2 ‐ Corrective actions for a firmware problem; preemptive 
actions for similar installations: 

PC or TP obtains fault records on 6/4/2014 from a UVLS entity that 
participates in its UVLS Program. The UVLS entity also provided the fault records 
to the manufacturer, who responded on 6/11/2014 that the misoperation 
of the  UVLS relay was caused by a bug in version 2 firmware, and 
recommended  installing version 3 firmware. The PC or TP approved the 
UVLS entity’s plan to schedule Version 3 firmware installation on 
6/12/2014. 

Applicability to other UVLS relays: The PC or TP then developed a schedule with 
the UVLS entity to install firmware version 3 at all of the UVLS entity’s UVLS 
relays that are determined  to be programmed with version 2 firmware. The 
completion date was scheduled no‐later‐than 12/31/2014. 

The firmware replacements were completed on 12/4/2014. 

Guidelines for Requirement R3: 

In addition to the initial studies required to develop a UVLS Program, periodic comprehensive 
assessments (detailed analyses) are required to ensure its continued effectiveness. This 
assessment should be completed at least once every 60 calendar months to capture the 
accumulated effects of minor changes to the system that have occurred since the last 
assessment was completed. However, at any point in time, a Planning Coordinator or 
Transmission Planner may also determine that a material change to system topology or 
operating conditions affects the performance of the UVLS Program and therefore necessitates 
the same comprehensive assessment. Regardless of the trigger, each assessment should 
include an evaluation of each UVLS Program to ensure the continued integration through 
coordination. 

This comprehensive assessment supplements the TPL‐001‐4 annual assessment requirement to 
evaluate the impact of protection systems. The 60‐month period is the same time frame used in 
TPL‐001‐4 and in PRC‐006‐1. 

With respect to situations in which a material change to system and topology or operating 
conditions would necessitate a comprehensive assessment of the UVLS Program, it is 
understood that the term material change is not transportable on a continent‐wide basis. This 
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determination must be made by the Planning Coordinator or Transmission Planner and should 
be accompanied by documentation to support the technical rationale for determining material 
changes. 

As specified in Requirement R3, a comprehensive assessment must be performed at least once 
every 60 calendar months. If a Planning Coordinator or Transmission Planner conducts a 
comprehensive assessment sooner for the reasons discussed above, the 60‐month time period 
would restart upon completion of this assessment. 

Guidelines for Requirement R4: 

The goal of the assessment required in Requirement R4 is to evaluate whether the UVLS Program 
resolved the undervoltage  issues for an event that occurred on the system. It  is expected that 
the  assessment  should  include  event data  analysis,  such  as  the  relevant  sequence  of  events 
leading to the undervoltage conditions (e.g., Contingencies, operation of protection systems, and 
RAS) and field measurements useful to analyzing the behavior of the system. A comprehensive 
description  of  the UVLS  Program  operation  should  be  presented,  including  conditions  of  the 
trigger (e.g., voltage levels, time delays) and amount of load shed for each affected substation. 
Assessment of the event shall be performed to evaluate the level of performance of the program 
for the event of interest and to identify deficiencies to be included in a CAP per Requirement R5. 

The studies and analyses showing the effectiveness of the UVLS Program can be similar to what 
is required in Requirements R1 and R3, but should include a clear link between the evaluation of 
effectiveness  (in studies using simulations) and  the analysis of  the event  (with measurements 
and  event  data)  that  actually  occurred.  For  example, differences  between  the  expected  and 
actual system behavior for the event of interest should be discussed and modeling assumptions 
should  be  evaluated.  Important  discrepancies  between  the  simulations  and  the  actual  event 
should be investigated. 

Considering the importance of an event that involves the operation of a UVLS Program, the 12‐ 
calendar‐month period provides adequate time to analyze the event and perform an assessment 
while identifying deficiencies within a reasonable time. This time period is also required in PRC‐ 
006‐1. 

Guidelines for Requirement R5: 

Requirement R5 promotes the prudent correction of an identified problem during assessment 
evaluations of each UVLS Program. Per Requirements R3 and R4, an assessment of an active 
UVLS Program is triggered: 

 Within 12 calendar months of an event that resulted in a voltage excursion for which
the program was designed to operate.

 At least once every 60 months. The default time frame of 60 months or less between
assessments has the intention to assure that the cumulative changes to the network and
operating condition affecting the UVLS Program are evaluated.
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Since every UVLS is unique, if material changes are made to system topology or operating 
conditions, the Planning Coordinator or Transmission Planner will decide the degree to which the 
change in topology or operating condition becomes a material change sufficient to trigger an 
assessment of the existing UVLS Program. 

A CAP is a list of actions and an associated timetable for implementation to remedy a specific 
problem. It is a proven tool for resolving operational problems. Per Requirement R5, the 
Planning Coordinator or Transmission Planner is required to develop a CAP and provide it to 
UVLS entities to accomplish the purpose of this requirement, which is to prevent future 
deficiencies in the UVLS Program, thereby minimizing risk to the system. Determining the cause of 
the deficiency is essential in developing an effective CAP to avoid future re‐occurrence of the 
same problem.  A CAP can be revised if additional causes are found. 

Based on industry experience and operational coordination timeframes, the drafting team 
believes that within three calendar months from the date an assessment is completed is a 
reasonable time frame for development of a CAP, including time to consider alternative 
solutions and coordination of resources. The “within three calendar months” time frame is 
solely to develop a CAP, including its implementation schedule, and provide it to UVLS entities. 
It does not include the time needed for its implementation by UVLS entities. This 
implementation time frame is dictated within the CAP’s associated timetable for 
implementation, and the execution of the CAP according to its schedule is required in 
Requirement R2. 

Guidelines for Requirements R6–R8 

An accurate UVLS Program database is necessary for the Planning Coordinator or Transmission 
Planner to perform system reliability assessment studies and event analysis studies. Without 
accurate data, there is a possibility that annual reliability assessment studies that are 
performed by the Planning Coordinator or Transmission Planner can lead to erroneous results 
and therefore impact reliability. Also, without the accurate data, it is very difficult for the 
Planning Coordinator or  Transmission Planner to duplicate a UVLS event and determine the 
root cause of the problem. 

To support a UVLS Program database, it is necessary for each UVLS entity to provide accurate 
data to its Planning Coordinator. Each UVLS entity will provide the data according to the 
specified format and schedule provided by the Planning Coordinator. This is required in order 
for the Planning Coordinator to maintain and support a comprehensive UVLS Program 
database. By having a comprehensive database, the Planning Coordinator can embark on a 
reliability assessment or event analysis/benchmarking studies, identify the issues with the UVLS 
Program, and develop remedial action plans. 

The UVLS Program database may include, but is not limited to the following: 

 Owner and operator of the UVLS Program

 Size and location of customer load, or percent of connected load, to be interrupted

 Corresponding voltage set points and clearing times

 Time delay from initiation to trip signal

 Breaker operating times
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 Any other schemes that are part of or impact the UVLS Programs, such as related
generation protection, islanding schemes, automatic load restoration schemes,
UFLS, and RAS.

Additionally, the UVLS Program database should be updated annually (once every calendar 
year) by the Planning Coordinator. The intent here is for UVLS entities to review the data 
annually and provide changes to the Planning Coordinators so that Planning Coordinators can 
keep the databases current and accurate for performing event analysis and other assessments. 

Finally, a Planning Coordinator is required to provide information to other Planning 
Coordinators and Transmission Planners within its Interconnection, and other functional 
entities with a reliability need, within 30 calendar days of receipt of a written request. Thirty 
calendar days was selected as the time frame as it is considered to be reasonable and well‐ 
accepted by the industry. Also, this requirement of sharing the database with applicable 
functional entities supports the directive provided by FERC that requires an integrated and 
coordinated approach to UVLS programs (Paragraph 1509 of FERC Order No. 693). 
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Executive Summary 

Drafting teams (“DT”) are the foundation of the NERC standard development process.  The DT Reference Manual 
is intended to provide an overview of the commitment required and the necessary work involved in drafting 
quality reliability standards.  This manual is meant to provide and clarify the role and responsibility of each DT 
member and provide guidance regarding the activities of the team.   

This manual specifically focuses on information critical to the DT members to increase the effectiveness of their 
contributions. However, the manual does not supersede the NERC Rules of Procedure or any standard processes 
or guidelines approved by the Federal Energy Regulatory Commission (“FERC”) or applicable regulatory 
authorities, which are in force at this time or may be adopted subsequent to the endorsement of this document 
by the NERC Standards Committee (“SC”).   

This document is not meant to be duplicative of any existing NERC documentation for standards development; a 
companion document titled Drafting Team Resources includes each referenced document.  Also, pertinent 
information regarding DT activities may be, in some cases, repeated to provide clear direction for the teams.  This 
document, in conjunction with the most recent FERC-approved version of the Standards Process Manual, provides 
a foundation and guidance for effective DT activities. 
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Introduction 

The information in this document, DT Reference Manual, provides informal development, standard 
authorization request, standard and interpretation DTs with guidance on “how” to implement the NERC 
Standard Processes Manual, but is not intended to be a “rule book.”  The DT Reference Manual outlines 
the roles and responsibilities of DT members throughout the reliability standards development process 
from the point where the SC first appoints a DT to when a standard has been approved by its ballot pool 
and adopted by the NERC Board of Trustees (“Board”).  The document describes the performance 
expectations of the NERC SC and identifies how the teams should interact with others involved with 
standards development. 

There are different types of NERC standards-related activities, including: 

 Informal Development — Prior to the formal standard development process, informal activities 
may occur with emphasis on industry consensus building.  These activities typically will include 
collaborative activities to produce a preliminary project package.  

 Standard Authorization Request (“SAR”) Drafting Team — A SAR DT may be appointed by the SC 
to work with the person who submitted a SAR (requester).  The SAR DT helps the requester 
achieve stakeholder consensus on whether a standard is needed to address a reliability-related 
need, and on the scope of the project to address the identified need.  The role of the SAR DT will 
be to evaluate and respond to industry comments on the technical justification, background 
information, potential for industry consensus, and associated cost impact analysis information to 
determine the level of support and scope of a standard.  The SAR and a recommendation by the 
SAR DT will be presented to the SC; the SC determines whether a standard development project 
should be pursued.  If the SC determines the SAR will move forward, the SAR DT will continue 
development of the standard. 

 Standard Drafting Team— The Standard DT develops the draft standard;  requests field tests shall 
be conducted, as needed, in accordance with SC Procedure for Approving a Field Test and Section 
10 of the SC Charter; and produces all associated standard documentation, including the 
implementation plan and  technical documents, and assists in developing questions for cost 
analysis. The DT also assists in the development of comments in response to governmental 
authorities.  The role of the DT concludes when the standard has been approved by NERC’s Board 
and governmental authorities as an enforceable standard, or when the DT is disbanded by the SC. 
 

 Interpretation Drafting Team — The Interpretation DT (“IDT”) develops an interpretation of a 
standard.  The IDT also assists in the development of comments in response to Governmental 
Authorities. The role of the IDT concludes when the interpretation has been approved by NERC’s 
Board and applicable governmental authorities as an enforceable interpretation, or when the IDT 
is disbanded by the SC. 

DTs are encouraged to seek additional guidance, with support from the SC and its Project Management 
Oversight Subcommittee (“PMOS”), from NERC’s standing technical committees, as needed, including the 
Standards Committee, Compliance and Certification Committee, Functional Model Advisory Group, or 
NERC staff.  The NERC Standards Developer will facilitate and route the request to the proper group. 

Principles Supporting the NERC Standards Development Process 
The work of SAR DTs and DTs is guided by the most recent, FERC-approved version of the NERC Standard 
Processes Manual, and supplemented by the following documents: 
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 Standard Drafting Team Scope which is applicable to both SAR and standard DTs 

 Roles and Responsibilities: Standards Drafting Team Activities  

 Standards Development Process Participant Conduct Policy  

 Various SC  Resource and developmental history documents found at the beginning of the 
Appendices  

The following attributes serve as a foundation for development of high-quality, technically sound, results-
based standards. All DTs should be familiar with, and produce work products that align with these 
principles. 

Results-based Requirements (Section 2.4 of the SPM):  
The body of reliability requirements collectively supports a “defense-in-depth” strategy supporting an 
Adequate Level of Reliability (“ALR”)1 of the Bulk-Power System.  Each requirement of a reliability standard 
shall identify what Functional Entities shall do, and under what conditions, to achieve a specific reliability 
objective and not how that objective is achieved.  There are several categories of requirements, each with 
a different approach for measurement. 
a) Performance-based Requirements define a specific reliability objective or outcome achieved by one 

or more entities that has a direct, observable effect on the reliability of the Bulk-Power System, i.e. 
an effect that can be measured using power system data or trends.  In its simplest form, a 
performance-based requirement has four components: who, under what conditions (if any), shall 
perform what action, to achieve what particular result or outcome. 

b) Risk-based Requirements define actions by one or more entities that reduce a stated risk to the 
reliability of the Bulk-Power System and can be measured by evaluating a particular product or 
outcome resulting from the required actions.  A risk-based reliability requirement should be framed 
as: who, under what conditions (if any), shall perform what action, to achieve what particular result 
or outcome that reduces a stated risk to the reliability of the Bulk-Power System. 

c) Capability-based Requirements define capabilities needed by one or more entities to perform 
reliability functions which can be measured by demonstrating that the capability exists as required.  A 
capability-based reliability requirement should be framed as: who, under what conditions (if any), 
shall have what capability, to achieve what particular result or outcome to perform an action to 
achieve a result or outcome or to reduce a risk to the reliability of the Bulk-Power System. 

ALR 
The intent of the set of NERC Reliability Standards is to deliver an ALR.  The latest ALR definition and 
objectives may be found in the Drafting Team Reference Manual Resource Package.  
 

Reliability Principles 
NERC Reliability Standards are based on reliability principles that define the foundation of reliability for 
the North American Bulk-Power Systems.  Each Reliability Standard shall enable or support one or more 
of the reliability principles ensuring both that the standards support reliability of the North American Bulk-
Power Systems and avoid reducing reliability through an unintended consequence.  
 

                                                           
1 NERC filed its definition for “Adequate Level of Reliability” with the Commission on May 10, 2013.  Informational Filing on 

the Definition of “Adequate Level of Reliability  



Introduction 

 

NERC | Drafting Team Reference Manual | Version 2, January 2014 
6 of 34 

Market Principles  
Recognizing that Bulk-Power System reliability and electricity markets are inseparable and mutually 
interdependent, all reliability standards shall be consistent with market interface principles, to ensure 
that reliability standards are written such that they achieve their reliability objective without causing 
undue restrictions or adverse impacts on competitive electricity markets.   
 

Ten Benchmarks of an Excellent Reliability Standard  
NERC Reliability Standards are developed to meet the Ten Benchmarks of an Excellent Reliability 
Standard.   
 

DT Member Roles 
Standards Developer 

The NERC Standards Developer is a NERC Standards staff member assigned to facilitate and assist DTs to 
ensure consistency and quality in the development of standard products.   

The Standards Developer also coordinates the activities of his or her assigned projects with other Standard 
Developers, as needed.   

The NERC Standards Developer also interacts closely with the designated PMOS representative.  The 
Standards Developer should keep their PMOS representative informed on the status of their project.  The 
PMOS provides project management for the NERC SC and assists the Standards Developer with 
overcoming obstacles and issues which might delay progress. The Standards Developer keeps the project 
on track and informs the SC of progress. 

DT, Chair, and Vice Chair 
The DT Chair and Vice Chair have the following additional responsibilities beyond that of DT members, to: 

a) lead the DT in the effective dispatch of its standards development obligations; 

b) facilitate DT discussions and outreach to reach industry consensus on proposed standard(s) that 
will achieve the project objectives and DT responsibilities; 

c) coordinate with NERC staff in representing the DT before the SC reporting on team progress in 
implementing the scope of the project objective, the schedule for completion and the need to 
address any regulatory directives; 

d) coordinate, as necessary, with other DTs to ensure that there are no reliability gaps; 

e) represent the DT in discussions with governmental authorities on the content of the standard(s) 
and how the proposed standard(s) address any applicable regulatory directives; 

f) ensure project milestones are met and coordinate with the PMOS; and 

g) work with the NERC Standards Developer to support regulatory approval of the proposed 
standard(s), including assisting with providing technical input for: 

i. regulatory filings for approval of the proposed standard(s);  

ii. responses to a notice of proposed rule-making(s); and 

iii. request(s) for clarification or rehearing following the issuance of the rule or order addressing 
the proposed standard filed for approval. 
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DT Members 
DTs, following NERC’s standard development process and based on agreed upon milestones, are 
responsible for developing and achieving industry approval of excellent, technically correct (steady-state) 
standards that provide for an ALR. Some DTs work to modify existing standards to address both specific 
regulatory authority directives and reliability issues not directed by regulatory authorities.  Other DTs 
work to develop new standards that may or may not be associated with regulatory directives.  In all cases, 
team members are selected from industry volunteers to provide the DT with sufficient technical expertise 
from diverse industry perspectives as to promote development of reliability standards that, when 
approved, demonstrate broad industry consensus.   
 

Compliance, Legal, and Technical support (Section 3.6 of the SPM) 
As part of an enhanced and more efficient standards development process, the SAR DT or DT may consist 
of a group of technical, legal, and compliance experts that work cooperatively with the support of the 
NERC Reliability Standards staff.  The technical experts maintain authority over the technical details of the 
Reliability Standard.  These additional individuals are non-voting members of the DT that provide 
consulting services at points in the process where their input would add value and quality to the standard.  
These individuals participate on an “as needed” basis and may not be present at all meetings.  
The DT and PMOS liaison shall develop a project schedule which shall be approved by the Standards 
Committee. The drafting team shall report progress to the PMOS liaison and the Standards Committee, 
against the initial project schedule and any revised schedule as requested by the Standards Committee. 
Where project milestones cannot be completed on a timely basis, modifications to the project schedule 
must be presented to the Standards Committee for consideration along with proposed steps to minimize 
unplanned project delays.
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Informal Development 

This section describes the activities employed prior to formal standard development activities.  This 
preliminary work is not a part of the formal development process and may be used at the discretion of 
the NERC SC, PMOS or NERC staff depending on the particular facts and circumstances of the proposed 
project. The informal development activities are meant to identify issues associated with the project and 
determine whether there is a solution that consensus could be built upon, thereby reducing the time 
needed during the formal standards development process outlined in the Standards Process Manual. 

The informal development activity may also be conducted by existing NERC groups such as the Planning 
Committee (“PC”), Operating Committee (“OC”), or subgroups reporting to the NERC groups.  The informal 
development activity does not circumvent the formal standards development process. Rather, its use is 
meant solely to raise issues and build consensus prior to formal standards development.   

Informal consensus building activities include, but are not restricted to the following tools to advance 
industry awareness and build support for the standard: 

 Conducting  

 webinars 

 industry surveys 

 in-person workshops 

 in-person meetings, open to the stakeholders 

 straw polls 

 Publishing announcements 

 Leveraging existing venues such as Compliance Workshops as opportunities to educate and 
inform stakeholders 

 Leveraging existing and historical technical committee work 

 Using any applicable NERC communication plans 

 FERC outreach 
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The Work of a Drafting Team (DT) 

Prior to the First DT Meeting 
Prior to the first meeting of the DT, the Standards Developer will send the following resource documents 
to all DT team members: 

SAR DT  
(In the case of a SAR DT, include the SAR submitter in correspondence) 

 SAR  

 Comments submitted on any draft standard project called the ‘Consideration of Comments’ 

 Standard Processes Manual  

 DT Reference Manual 

 Functional Model  

 DT Roster 
 

Figure 1 (page 10) shows the typical first steps of NERC’s formal standards development process.  The 
chart shows the process of developing a SAR from the time the requester submits, to the point where 
the SAR is refined and the work of the SAR DT is accepted by the SC for development of the associated 
standard.  In cases where informal development consensus building activities occurred, the work of the 
SAR DT should be significantly reduced or not needed, especially if the work addresses FERC directives.  
Any documents developed during informal development activities will be provided to the SAR DT. 

Figure 1 and the discussion on the following pages, assume that stakeholders support the SAR, and the 
SAR is progressing normally.  If stakeholders support a SAR and there is a demonstrable need to move 
the SAR forward expeditiously, then the SC may allow a requester(s) to work on the SAR and standard in 
parallel, with some of the steps outlined in the Standards Processes Manual occurring in parallel rather 
than sequentially. 
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In Figure 1 below, the SAR DT’s activities are shown in the yellow boxes. 
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Figure 1: SAR Development (See Sections 4.1 and 4.2 in the SPM for detailed information) 

 

Standard DT  
Prior to the first meeting of the DT, the Standards Developer will send the following resource documents 
to all DT team members: 

 Final SC Authorized SAR 

 Draft standard and all material previously developed in informal development activities (if any) or 
by the SAR DT, or, if no draft standard has been developed, the template(s) needed to develop 
the standard and associated materials 

 DT Roster 

 Standard Processes Manual  

 DT Reference Manual 

 Results-based Template 

 Functional Model  

 Violation Risk Factors  

 Violation Severity Levels Guidelines 

 QR process and template  

 Adequate Level of Reliability Definition  
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 Ten Benchmarks of an Excellent Reliability Standard  

 Independent Experts’ criteria for steady-state standards 

Figure 2 illustrates the typical steps in the standards development process from the point when the SC 
authorizes NERC staff to solicit DT nominations, to when the approved standard is submitted to applicable 
governmental authorities for approval as an enforceable standard and finally approved for enforcement. 

Figure 2 and the associated discussion on the following pages is a simplified representation of a standard 
that is progressing normally and with minimal comment/ballot periods.  The DT focuses its work on 
drafting a standard and then considering comments submitted by stakeholders and revising the standard 
until there is enough stakeholder consensus to achieve approval of the standard or project.  To obtain 
consensus and approval, additional comment/ballot periods can be completed, as necessary. 

In Figure 2 below, the DT’s activities are shown in the yellow boxes. 
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Figure 2: From SAR to Standard (See sections 4.3-4.7 of the SPM for further details) 
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The First DT Meeting 
At the first meeting of the DT, the Standards Developer or another NERC Standards staff member will 
provide a brief orientation and training session on the standards process, including the role of the DT and 
documents listed above.  The goals of the first meeting are to: 

 Ensure the team understands NERC policies and procedures applicable to DTs, including NERC’s 
“Antitrust Compliance Guidelines.” 

 Ensure that all team members understand the roles and responsibilities of all involved by 
reviewing the Roles and Responsibilities; Standards DT Activities and Standards Development 
Process Participant Conduct Policy.  

 Review the SAR to ensure that everyone on the team understands the scope of the proposed 
standard and any FERC Orders/directives that may apply to this proposed new or revised reliability 
standard — the standard developed or modified by the DT must be within the scope of the 
approved SAR — the Standards Committee will not let a new or modified standard move forward 
to ballot if the standard is beyond the scope of the approved SAR. 

 Develop a consensus of the DT as to how to respond to stakeholder comments with the intent of 
revising work products to reflect the consensus view of stakeholders. 

 Complete the ‘Consideration of Comments’ report, if available, by developing a summary 
response to comments submitted by stakeholders. 

 Review and understand how Quality Review for the DT’s work will be undertaken, i.e. what will 
be reviewed prior to the posting for ballot.  The DT members are expected to understand the 
basic attributes of quality by reviewing the Template for Quality Review of NERC Reliability 
Standard or Interpretation. 

 Make revisions as necessary based on stakeholder comments and DT discussions of those 
comments to determine the subsequent actions. 

 If significant changes have been made and it appears that stakeholders support the proposed 
standard action, develop background information and questions for a comment form to 
collect feedback on subsequent drafts.  The background information should provide 
stakeholders with sufficient information to understand the reasons for those modifications. 

 If significant changes have not been made and it appears that stakeholders support the 
proposed standard action, develop a recommendation that the Standards Committee 
approve moving forward.  

 If it appears that stakeholders do not support the proposed standard action, work with the 
submitter to develop a recommendation that the Standards Committee withdraw the SAR 
(specific to SAR DT). 

 Develop a project schedule and list of activities for completing the drafting in accordance with SC 
expectations or Reliability Standards Development Plan (“RSDP”) requirements. 

 Discuss the organization structure of NERC and its committees. 

 Understand the function and role of the Project Management Oversight Subcommittee member 
assigned to the DT. 
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 Review the technical justifications, any available cost impact evaluations which may have been 
done to assist with cost effectiveness determinations, and other pertinent information to help 
develop a recommendation to the SC to proceed. 

 Review the NERC Cost Effective Analysis Process and understand how it relates to the project.   

 Ongoing project control 

The DT Chair and NERC Standards Developer are responsible for ensuring that the DT is meeting the 
milestones in the project schedule and ensuring the PMOS liaison is kept informed.  As necessary, the DT 
Chair should assign work, propose meetings and conference calls, and otherwise take action to control 
the project. 

Comment Report 
NERC staff will provide DTs with a report containing all of the comments submitted during the comment 
period. The following sections of the comment report are required and should not be changed by the DT:  

The Appeals Process Statement  

Table of Commenters – Original Balloting System Reporting 
The Table of Commenters is compiled from the information provided by stakeholders who complete 
comment forms, is organized to show the industry segments represented by each commenter, and helps 
show whether the commenters represent all the industry segments that are expected to be impacted by 
the proposed standard action.  
 
Standards Balloting System (SBS) Comment Report 
In 2014, a new balloting and commenting system will be released.  Currently, registration is taking place 
in the SBS and practice balloting and commenting is available for individuals who have completed the 
registration process.  Commenting in the SBS is through ‘Take Survey’ and ‘Social Survey’, a real-time 
discussion forum, allowing users to provide and respond to comments during an open comment period 
and select thumbs up or down. Drafting team members will receive a comment report containing all 
comments received from the individual questions from’ Take Survey’, ‘Social Survey’ comments and 
thumbs up and down.  It is the drafting team member’s responsibility to review all comments received. 
 
Comments and Responses 
Each question asked on the comment form will be included in the report.  Following each question there 
will be a placeholder for the DT to add a ‘Summary Consideration’ of all the comments submitted in 
response to the associated question.   
 
As comments are reviewed, the DT develops responses.  The comments and responses are assembled in 
the Consideration of Comments report. In its summary the DT shall address all comments submitted. 
Comments may be in the form of a summary response addressing each of the issues raised during the 
public posting period.  
 
Evaluation of Comments as an Indication of Potential Ballot Results 
Because industry stakeholders are not required to comment, a DT may not receive the full range of 
concerns in the submitted comments that represent the entire body of stakeholder opinions.  DTs are 
encouraged to evaluate whether the set of comments is representative of the industry or a subset of the 
industry and to consider the sources of the comments when determining what revisions may be necessary 
to gain industry support for the standard.  From the comment form, the DT can determine if the comments 



The Work of a Drafting Team (DT) 

 

NERC | Drafting Team Reference Manual | Version 2, January 2014 
14 of 34 

represent: 1) an individual in a single industry segment; 2) an individual representing several industry 
segments; 3) an individual representing a group in a region or industry segment; 4) a group representing 
several entities; 5) a group on behalf of a single entity; 6) a group representing a region; and 7) a group 
from a technical committee with members across regions and industry segments. 

 
One way of interpreting the comments is to determine how many ballots are represented by each 
comment and consider the following: 

 A single commenter from an entity that is registered to vote in one industry segment may be 
considered to represent a single potential ballot. 

 A single commenter from an entity that is registered to vote in three industry segments may be 
considered to represent three potential ballots. 

 Six commenters from an entity that is registered to vote in one industry segment may be 
considered to represent a single potential ballot. 

 Six commenters, each from different entities with each of these entities registered to vote in one 
industry segment, may be considered to represent six potential ballots or, if in multiple industry 
segments, may result in an even greater number of ballot positions. 

Obligation to Respond to Every Comment 
DTs must review, consider, and provide a response to every comment issue submitted during the public 
posting. The comments that contain similar issues may be grouped and responded to as summary 
responses. While DTs are not required to respond to comments submitted outside of public posting 
periods, they should consider the technical merit of all comments.   

 
Assessing Technical Merit of Comments 
The DT should work diligently to weigh the value of each comment submitted. When reviewing the 
comments, the DT should first determine whether the comment has technical merit, and then determine 
whether the suggestion is likely to receive widespread support from the stakeholder community, with the 
understanding that 100 percent agreement is likely unachievable. 
 
In some cases, but not all, a DT may feel that additional comment periods are necessary to reach industry 
consensus. 

A Cost Impact Analysis (“CIA”), as identified in the Cost Effective Analysis Process (CEAP) phase 1, is meant 
to identify potential egregious costs associated with a new standard.  If a CIA was conducted, results 
should be used only in the context of providing further information along with the SAR and should be 
provided to the SC.   

Practical Tips for Addressing Comments 
One approach to completing the Consideration of Comments report is for the DT to review all the 
comments submitted in response to a particular question and then have a discussion.  Some DTs find it 
useful to craft responses together, developing a draft response to each unique comment during the 
meeting, skipping over duplicate comments. Other DTs prefer to divide the comments among team 
members allowing the assigned team member to prepare an initial draft response for team discussion at 
its meeting. In either case, review and discussion should support the DT’s efforts to reach a stakeholder 
consensus.   
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Additional DT Guidance  
 

NERC Staff Creates Final Drafts 
After the DT considers all comments, the Standards Developer will draft a ‘Summary Consideration’ for 
each question and fill out the cover sheet for the Consideration of Comments report for review by the DT.  
The NERC Standards Developer will work in conjunction with NERC legal and Standards Management staff 
to ensure the quality of the Consideration of Comments report.  If extensive changes are necessary as a 
result of this review, the Standards Developer, working with the requester and Chair, should distribute 
the revised documents to the entire DT for their review. 

DT Requests Authorization to Move a Standards Product Forward in the Standards 
Process 
When the DT believes there is sufficient industry consensus based on a majority of comments of a 
reliability-related need for the proposed standard action and the appropriate scope of the requirements, 
the DT provides a recommendation to the Standards Committee that includes the following: 

 A statement indicating the SAR DT believes there is stakeholder consensus on the following: a 
reliability-related need for the proposed standard action and the appropriate scope of the 
requirements; 

 A summary listing of the work of the DT to achieve stakeholder consensus including: 1) dates each 
draft of the standard product was posted for comment; 2) a link to the associated Standards 
Development web page; and 3) a link to redline version of the “final standard product” to show 
changes from the last version of the standard product posted for comment; 

 An analysis of the diversity of stakeholder participation in the comment periods; 

 Identification of any strong minority views that were not satisfied during the revisions made to 
the standard product and pertinent CEAP cost impact information that may have been collected 
during the comment period(s); 

 A preliminary projection of the project schedule, based on the scope of the SAR, regulatory 
deadlines and other factors.  The DT, Standards Developer, and the PMOS member are 
responsible for creating the schedule. In general, schedule estimates should be six months for 
narrowly-scoped projects and no more than 12 months for broadly scoped projects.  However, 
accelerated schedules (such as schedules with aggressive meeting timelines and delivery dates in 
order to meet regulatory directives) may be needed in certain cases.  The goal of developing this 
schedule should be to estimate a delivery date (or dates) with an accuracy of +/- three months. 

Quality Reviews (“QR”) are conducted during standard development and are required by the SC prior to 
the initial ballot and formal comment period. The DT Chair may, at any time, ask the NERC Standards 
Developer to initiate the necessary requests for a QR and it may be conducted depending on available 
resources.  The QR will evaluate whether the documents are within the scope of the associated SAR, 
whether the Reliability Standard is clear and enforceable as written, and whether the Reliability Standard 
meets the criteria specified in NERC’s Ten Benchmarks for Excellent Standards and criteria for 
governmental approval of Reliability Standards. The DT shall consider the results of the QR, decide upon 
appropriate changes, and recommend to the Standards Committee whether the documents are ready for 
formal posting and balloting.  Results of the QR are not binding and are considered only as suggestions to 
the DT.  The NERC Template for Quality Review of NERC Reliability Standard or Interpretation may also 
be a valuable tool for the DT to utilize to evaluate drafts of a Reliability Standard prior to subsequent 
postings where a formal QR is not performed. 
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FERC Directives  
NERC, as the Electric Reliability Organization (“ERO”) is required to address FERC and other governmental 
authorities’ directives.  Some of these directives are very specific and identify that a standard or 
requirement should be developed or modified to address a specific reliability need — other directives are 
more general and direct the ERO to consider specific stakeholder comments.  Even if some stakeholders 
indicate they don’t support the directive, the ERO has an obligation to address the directive, and 
responses to comments must convey this objective when necessary.  A complete discussion on addressing 
FERC and other governmental authorities’ directives can be found at Roles and Responsibilities: 
Standards Drafting Team Activities. 
 
Where there is a FERC Order to make a specific modification to a requirement, the DT should either make 
the conforming modification or propose an alternative method of achieving the same reliability objective 
to address the Order that is “equally efficient and effective.” The DT should ask stakeholders for feedback.  
Comments provided by stakeholders can be cited as justification for an alternate “equally efficient and 
effective” approach to addressing the reliability issue subject to the Order, but cannot constitute the sole 
basis for the approach.  

DT Reviews Directives with FERC Staff 
FERC assigns one or more staff to work as an observer with each DT and to communicate FERC views and 
concerns to the team.  Each team should seek FERC staff input regarding whether the proposed standard 
addresses the intent of the directive.   
 
In some cases, further discussions with FERC may be needed outside of DT meetings.  In these cases, the 
team or leadership of the DT may request a meeting with FERC staff to gather more information about 
the intent of the directive. This request should be made through NERC management who will coordinate 
the meeting.  The team should prepare an agenda so that it has a clear list of issues for discussion. 

If FERC staff requests a meeting, then the DT should be prepared to identify how the proposed standard 
addresses the directive.  If the team has developed an “equally efficient and effective” alternate method 
of achieving the directive, then the team should be prepared to clearly identify why it believes the 
alternative method of achieving the objective is “equally efficient and effective.” 

If FERC staff offers advice on issues outside the scope of the directives, the DT should consider this advice 
in the same manner that it considers advice from any other source.  A full description of FERC staff 
involvement in DT activities, and in consideration of the advice of FERC staff can be found in the Roles and 
Responsibilities; Standards Drafting Team Activities. 

DT Develops Proposed New or Revised Defined Term(s) (if necessary) 
Before a DT adds a new term, the team should check the latest version of the Glossary of Terms for 
Reliability Standards to determine if the same term, or a term with the same meaning, has already been 
defined. If a term is used in a standard and the term is defined in a collegiate dictionary, then there is no 
need to also include the term in the Glossary of Terms Used in NERC Reliability Standards.  The addition 
of an adjective or a prefix to an already defined term should not result in a new defined term.   
 
The DT should avoid developing new definitions unless absolutely necessary.  When a DT finds it necessary 
to propose revision(s) to existing defined terms, the DT proposing the revisions is required to prepare and 
post its analysis of the impacts to other standards at the time such revision(s) to the defined term are 
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posted for comment and ballot. Each new or revised defined term must be balloted by stakeholders and 
is subject to the same approval rules as a standard.    

DTs may decide to create a new defined term when the same term would be used repeatedly within a 
standard or group of standards, and defining the term would improve the clarity of the standards.  When 
a term can be defined with a small number of words, it may make sense to just use those words in the 
requirements, rather than creating a new defined term. In such cases, the DT should consider using the 
phrase rather than trying to obtain stakeholder consensus on the new term.  See Section 5.0, Process for 
Developing a Defined Term, of the Standards Processes Manual. 

If a DT adds definitions to a standard, the definitions are placed on a separate page following the ‘standard 
roadmap’ and before the first page of the standard. 

DT Develops a Supplemental SAR (if needed) 
If stakeholder comments indicate the existing scope of the approved SAR should be expanded, the DT 
should consider and if necessary, develop a ‘supplemental SAR’ that includes this revised scope.  The 
supplemental SAR must be submitted to the NERC staff who will forward the SAR to the Standards 
Committee for approval to post for comment.  If approved for posting, the DT can continue to work on 
the proposed standard while it collects stakeholders support on the expanded scope of the project. 
 

DT Develops an Implementation Plan 
Each DT must develop an implementation plan that informs responsible entities of the actions 
(compliance obligations) required once the standard becomes effective.  The implementation plan must 
be posted for at least one 45-day formal comment period — and there must be a question on the 
associated comment form to ask for feedback on the proposed effective date or dates.  The DT must 
collect comments on the implementation plan before the associated standard can be balloted. 
 
While the Standards Committee allows great latitude in the format of implementation plans, each 
implementation plan must include the following: 

 Prerequisite approvals or activities — If the proposed standard cannot be implemented until 
some other standard is implemented or until some other activity is accomplished, the DT must 
identify these prerequisites 
 If there are no prerequisite approvals, the DT should include a sentence in the implementation 

plan that states the proposed standard is not dependent on any prerequisite approvals 

 Recommended modifications to already approved standards — If an already approved standard 
has requirements that need to be modified or retired as a result of a new proposed standard, the 
DT must coordinate and ensure the implementation plan identifies the required actions (for 
example, coordinate the retirement of existing requirements with the effective date of the 
proposed standard/requirements) so as not to expose the Bulk-Power System to any reliability 
risks.   

 List of functions that must comply with the requirements in the standards — The DT should list 
the functional entities that are identified in the applicability section of the proposed standard. 

 Proposed effective date or dates — The DT must list the proposed effective date or dates and 
must include a justification for the proposed effective date or dates.  The proposed effective date 
or dates in the implementation plan must match the Proposed Effective Date section of the 
associated standard.  The justification should provide for adequate time for entities to: 
 Write procedures required to comply with a requirement 
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 Provide training on new tools or procedures 

 Implement other requirements in the standard (if necessary) 

DT Develops Supporting Document(s) (if necessary) 
Sometimes a DT develops a supporting document to explain or facilitate implementation of standards.  
Supporting documents provide guidance and do not contain mandatory requirements subject to 
compliance review.  There are many different types of supporting documents, including but not limited 
to the following: 

Reference or Application Guideline — A descriptive, technical information or analysis or explanatory 
information to support the understanding and interpretation of a reliability standard.  A standard 
reference may support the implementation of a reliability standard or satisfy another purpose 
consistent with the reliability and market interface principles. 

Supplement — Data forms, pro forma documents, and associated instructions that support the 
implementation of a reliability standard. 

Training Material — Training materials that may support the implementation of a reliability standard 
or satisfy another purpose consistent with the reliability and market interface principles. 

Procedure — Step by step instructions defining a particular process or operation.  Procedures may 
support the implementation of a reliability standard or satisfy another purpose consistent with the 
reliability and market interface principles. 

White Paper — An informal paper stating a position or concept.  A white paper may be used to 
propose preliminary concepts for a standard or one of the documents above. 

If the DT wants its supporting document to be publicly posted with the associated approved standard, the 
DT needs to obtain the approval of the Standards Committee. 

The process for obtaining approval to post supporting documents is addressed in the SC Procedure for 
Approving the Posting of Reliability Standard Supporting Reference. 
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Parts of the Results Based Standard 

 

DT Develops a Standard Development Timeline 
As the DT develops its draft standard, it needs to develop what NERC calls a ‘standard development 
timeline,’ which provides a list of the major milestones in the standards development process from start 
to projected completion.  The timeline provides stakeholders with an understanding of the progress of 
the project, and should be consistent with the DT’s detailed project schedule. 

The timeline information is inserted in the front of each standard and is updated each time the standard 
is posted for comment or review.   

Section A – Introduction 
Section A of the standard includes introductory information as shown in the example of a typical standard 
provided in Figure 3 below. 

 

 

Figure 3: Example Introduction Section of Standard 

Title:  The title should be a brief descriptive phrase that identifies in a clear and concise manner the 
subject addressed by the standard.  The title should answer the following questions: 

 What reliability-related topic does the title address? 

 How should the topic be described, limited, or specified? 

The title should not start with the word “to,” include the word “standard,” or be excessively wordy or 
vague.  Standard titles should also not be complete sentences. 

A. Introduction 

1. Title:  Reliability Coordinator Actions to Operate Within IROLs 

2. Number:  IRO-009-1 

3. Purpose:  To prevent instability, uncontrolled separation, or cascading outages that adversely impact the 
reliability of the interconnection by ensuring prompt action to prevent or mitigate instances of exceeding 
Interconnection Reliability Operating Limits (IROLs). 

4. Applicability 

4.1 Functional Entity: 
4.1.1 Reliability Coordinator 
 

4.2 Facility Limitations/Specifications: 
4.2.1 The IROLs covered in this standard are limited to those associated with contingencies that 

were studied under FAC-011 and FAC-014. 
 

5. (Proposed) Effective Date:  The first day of the first calendar quarter, one year after applicable regulatory 
approval; or in those jurisdictions where no regulatory approval is required, the first day of the first 
calendar quarter one year after Board of Trustees’ adoption. 
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Number: The standard number for a new standard is assigned by the NERC staff.  The numbering 
convention has three parts: 

1. A three-letter acronym denoting the general topical area of the standard 

2. The standard number within that topical area, beginning with 1 and increasing sequentially 

3. The version of that standard 

If a standard is being proposed for revision, the standard is given a new ‘version number.’  If a new 
standard is developed, the new standard is given the next unused number in the topical sequence.  A 
detailed explanation of the Standards Numbering Convention is posted on the Standards web page in the 
resource documents section.   

A sample standard number is: PRC-012-1. 

Purpose: A clear statement that describes how the standard contributes to the reliability of the Bulk- 
Power System.  The purpose of a specific standard will not necessarily be the same as the purpose on a 
SAR as some SARs have a purpose statement that addresses modification of a set of standards. 

Applicability: NERC’s Reliability Standards apply to users, owners, and operators of the facilities that make 
up the Bulk-Power System. The applicability section of a standard must identify the functional entities 
from the Functional Model that are required to comply with the requirements in the standard. In a small 
number of cases, when a number of requirements are being developed that will apply to a large number 
of functional entities, the DT may work with NERC Compliance staff to define a term that is used within a 
particular standard or group of standards to refer to that group of functional entities collectively.  

In some cases, the DT will identify the need to limit the applicability of one or more requirements in a 
standard to a subset of entities or facilities so that the applicability aligns with the reliability risk.  In most 
cases, these limitations should be identified in the applicability section of the standard, rather than 
embedded in the requirements.  For example, a standard may limit applicability to certain facilities based 
on electric characteristics, such as transmission facilities energized at 200 kilovolts or greater.  If no 
functional entity limitations are identified, the default is that the standard applies to all identified listed 
functional entities – so that if the applicability identifies, “Transmission Operators”, then the standard 
applies to all Transmission Operators that have registered in NERC’s Compliance Registry. 

The NERC Statement of Compliance Registry Criteria (codified as Appendix 5B of the NERC Rules of 
Procedure) is the FERC-approved vehicle by which NERC and the Regional Entities identify the entities 
responsible for compliance with NERC and Regional Reliability Standards.  The criteria are based on the 
facilities an entity owns or operates and represent a FERC-approved and jointly accepted policy decision 
among NERC and industry stakeholder groups on how to apply both NERC's continent-wide and regional 
reliability standards. 

The NERC definition of Bulk Electric System (“BES”), which was approved by FERC, is available in the NERC 
Glossary of Terms Used in NERC Reliability Standards. The DT should develop requirements that apply 
generally using the BES definition, informed by the criteria in the Statement of Compliance Registry 
Criteria.  If, in order to achieve a reliability objective, the DT believes a requirement should apply to 
functional entities in accordance with criteria that are either more restrictive or more expansive than 
identified in the definition of BES and the Statement of Compliance Registry, the DT must post its 
justification for comment along with the draft standard as it moves through the standards development 
process. 
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If a DT wants to extend the applicability of a standard in ways that require modification of the NERC 
Statement of Compliance Registry Criteria, the DT must demonstrate that failure to expand the 
applicability would result in a reliability gap and must also consult with NERC Legal. 

Proposed Effective Date: This date identifies when entities must be compliant with the requirements in 
the standard.  The standard cannot be enforced in the United States until it has been approved by FERC.  
In Canada, each province is entitled to have its own process for approving NERC Reliability Standards.  
Thus, a standard may become enforceable at different times in different jurisdictions.  The dates entered 
must be the first day of the first calendar quarter after entities are expected to be compliant.  This gives 
time for the compliance monitoring and enforcement program to develop reporting instructions and 
modify the Compliance Data Management System(s) both at NERC and Regional Entities, as well as 
enables industry preparations to meet the requirements in the standard.  The proposed effective date in 
the standard must match the date provided in the associated implementation plan.  Some standards may 
have different proposed effective dates for different requirements. 

In identifying effective dates, consideration must be given to jurisdictions where no regulatory approval 
is required and standards become mandatory upon NERC Board of Trustees adoption. NERC Legal, 
working with Canadian regulatory authorities, has developed standard language to account for the various 
approaches to making standards enforceable.  This language is updated from time to time to reflect 
changes in various jurisdictions.  The current language will be provided to each DT by the Standard 
Developer or NERC Legal representative assigned to the project. 

The following presents some samples of appropriately phrased Proposed Effective Dates for a few 
situations that may be encountered: 

Sample 1 – For a situation where all the requirements in the standard should become effective on the 
same day, but there is no reliability reason why the standard must become effective in all jurisdictions 
at the same time (such as a standard requiring an entity to document its method for some calculation), 
the Proposed Effective Date may read: 

First day of the first calendar quarter three months following applicable regulatory approval; or, 
in those jurisdictions where no regulatory approval is required, the first day of the first calendar 
quarter three months following Board of Trustees adoption. 

Sample 2 – For a situation where all the requirements in the standard should become effective on the 
same day, and there is a reliability reason why the standard must become effective in all jurisdictions 
at the same time (such as a standard that requires specific real-time actions to control frequency – 
where implementing the standard at different times could result in a lack of coordination between 
jurisdictions), the Proposed Effective Date may read: 

First day of the first calendar quarter three months following receipt of all applicable regulatory 
approvals. 

Sample 3 – For a situation where one or more of the requirements in the standard should become 
effective before the other requirements (such as a case where the first two requirements in a standard 
require an entity to produce and distribute a document and the following requirements are aimed at 
the recipients implementing whatever is contained in the document), but there is no reliability reason 
why the standard must become effective in all jurisdictions at the same time, the Proposed Effective 
Date may read: 
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Requirement R1 and R2: 

First day of the first calendar quarter three months following applicable regulatory approval; or, 
in those jurisdictions where no regulatory approval is required, the first day of the first calendar 
quarter three months following Board of Trustees adoption. 

Requirements R3-R6: 

First day of the first calendar quarter 15 months following applicable regulatory approval; or, in 
those jurisdictions where no regulatory approval is required, the first day of the first calendar 
quarter 15 months following Board of Trustees adoption. 

Section B – Requirements and Measures 
Section B of the standard includes requirements, associated measures, violation risk factors, and time 
horizons as shown in Figure 4, below. 
 

 

Figure 4: Example Requirements Section of Standard 

Requirements: Each requirement should answer: “What functional entity is required to do, under what 
conditions and to what level, for what key result?”  The key results identify what outcome is to be achieved 
by the requirement.  Sometimes the “key result” is obvious and does not need to be stated. 

Each statement in the requirements section must be a statement for which compliance is mandatory.  Any 
additional comments or statements for which compliance is not mandatory, such as background or 
explanatory information should be placed in a separate document and referenced or placed in a footnote. 

Some requirements may have “parts.”  (Parts were previously called sub-requirements, but in response 
to FERC orders that would have required separate VRFs and VSLs for each sub-requirement, the approach 
was changed and any component of a requirement is called a part.  Parts of a requirement are numbered 
by using the number of the requirement, followed by a decimal number (e.g., Requirement R4 could have 
parts 4.1, 4.2, and 4.3). 

 Each requirement should: 

 Include the name of the responsible functional entity or entities. 

 Include the word ‘shall.’ 

 Be written in 

B. Requirements and Measures 

R1. Each Responsible Entity shall have an event reporting Operating Plan in accordance with EOP-004-2 
Attachment 1 that includes the protocol(s) for reporting to the Electric Reliability Organization and other 
organizations (e.g., the Regional Entity, company personnel, the Responsible Entity’s Reliability 
Coordinator, law enforcement, or governmental authority).  [Violation Risk Factor: Lower] [Time Horizon: 
Operations Planning] 

M1. Each Responsible Entity will have a dated event reporting Operating Plan that includes, but is not 
limited to the protocol(s) and each organization identified to receive an event report for event types 
specified in EOP-004-2 Attachment 1 and in accordance with the entity responsible for reporting. 
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 ‘Active’ voice rather than the ‘passive’ voice. 

 Concise, clear, measurable language.  (Requirements that are not measurable or are 
subject to multiple interpretations are unacceptable.) 

 Avoid use of ambiguous adjectives such as ‘sufficient’ or ‘adequate’ as these can’t be measured 
objectively.  When a range of acceptable performance is acceptable, the range needs to be 
qualified and bounded by measurable conditions/parameters. 

 Achieve one objective.  If a requirement achieves two objectives, such as developing a document 
and distributing that document, then each objective should be addressed in its own requirement. 

 Contribute to one or more reliability principle and the specific objective of the standard.  All parts 
of a requirement must contribute to the objective of the main requirement. If there is only one 
part that contributes to the objective of the main requirement, there should only be one main 
requirement and no parts. 

 Avoid more than one level of parts as it may reduce clarity.  

Where practical, requirements should use language that is already familiar to the end users of NERC’s 
standards.  To that end, a list of ‘verbs’ already used in NERC standards refer to Attachment A., e ix of this 
document 

In general, the language of a requirement should follow the format of: 

[Entity X] shall perform [specific action] by [a specific time or frequency]. 

Measurability is an important aspect of writing good requirements.  Consider adding some time frame for 
measuring the required performance, as FERC has determined that unless the requirement includes a 
time period, each incidence of noncompliant performance must be assessed as a separate act of 
noncompliance, subject to an individual penalty or sanction. In addition, if performance results can be 
practically measured quantitatively, metrics should be provided within the requirement.  Not all 
requirements lend themselves to quantitative measures, but the DT must ask itself how a requirement 
will be objectively measured. 

The DT is also urged to develop requirements which recognize the issues raised by the Commissions March 
15, 2012 Order on NERC’s Find, Fix, Track and Report (FFT) program2 and the associated NERC Project 
2013-02, Paragraph 81.  Most importantly, the DT should not develop requirements that do little or 
nothing to enhance reliability.  There are a number of criteria associated with requirements that NERC 
retired from Reliability Standards, namely those that were duplicative with other standards and those that 
were administrative in nature.  Other undesirable attributes of requirements are those that are strictly 
reporting or focused on only providing documentation. The DT should focus on developing requirements 
that are results-based and in all cases support achieving an adequate level of reliability. 

Application of Paragraph 81 Criteria: When developing requirements it is also important to know the 
Paragraph 81 (P81) criteria.  These criteria were used to determine if an approved ERO standard’s 

                                                           
2 The Commission noted that “some current requirements likely provide little protection for Bulk-Power System reliability or 

may be redundant.”  Commission invited “NERC, the Regional Entities and other interested entities to propose appropriate 
mechanisms to identify and remove from the Commission-approved Reliability Standards unnecessary or redundant 
requirements.” 
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requirements were candidates for removal from the set of approved Reliability Standards’ requirements.  
Therefore any requirements developed by a DT should be developed to avoid the following criteria: 

 Criterion A (Overarching Criterion): little, if any, benefit or protection to the reliable operation of 
the BES 

 Criteria B (Identifying Criteria) 

 B1. Administrative 

 B2. Data Collection/Data Retention 

 B3. Documentation 

 B4. Reporting 

 B5. Periodic Updates 

 B6. Commercial or Business Practice 

 B7. Redundant 

 Criteria C (Additional data and reference points) 

 C1. Part of a Find Fix and Track (FFT) filing 

 C2. Being reviewed in an ongoing Standards Development Project 

 C3. Violation Risk Factor (“VRF”) of the Requirement 

 C4. Tier in the 2013 Actively Monitored List (“AML”) 

 C5. Negative impact on NERC’s reliability principles 

 C6. Negative impact on the defense in depth protection of the BES 

 C7. Promotion of results or performance based Reliability Standards 

Specifically, for a requirement to be deemed unsatisfactory from P-81 Criteria, it must satisfy both, 
Criterion A and at least one of the Criteria B.  Criteria C were considered as additional information to make 
a more informed decision with respect to a requirement’s validity. 

Application of Expert Review Team Criteria: The Independent Expert Review Panel consisted of a panel 
of five experts who conducted a review of all of the existing approved Reliability Standards.  The method 
for their review is summarized here.  The DT may use this process and questions in conjunction with other 
tools as they develop each draft requirement. See Figure 5 below, for the Evaluation Flowchart. 

Review of Content 

1. Is the content of the requirement technically correct, including identifying who does what and 
when?  

2. Are the correct functional entities identified? 

3. Are the appropriate actions for which there should be accountability included or is there a gap? 

Review for Quality 

1. Should the requirement stand alone as is or should it be consolidated with other standards? 

2. Is it drafted as a results-based standard (“RBS”) requirement (performance, risk (prevention) or 
capability) and does it follow the RBS format (e.g., sub-requirement structure)?  
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3. Is it technologically neutral? 

4. Are the expectations for each function clear? 

5. Does the requirement align with the purpose? 

6. Is it a higher solution than the lowest common denominator? 

7. Is it measureable? 

8. Does it have a technical basis in engineering and operations? 

9. Is it complete and self-contained? 

10. Is the language clear and does not contain ambiguous or outdated terms? 

11. Can it be practically implemented? 

12. Does it use consistent terminology? 

 

No

Is there a Gap?
OR

Are the applicable
Functional Entities incorrect?

OR
Is it technically incorrect?

(including correct level
of actions for accountability – 

Who, What, When)

Content Revision 
Needed

Yes

Does it meet the
quality criteria?

OR
Should it be kept as it is and

not collapsed with other 
standards/requirements?

Quality Revision 
Needed

No

Yes and No

Steady State Yes

Requirement

Does the 
Requirement 

support 
Reliability?

Delete
Requirement

No

Does it meet
 P-81 Criteria

OR
Is a Guideline more 

appropriate?

Yes

Yes P-81
Guideline Bucket

- Re-draft as a 
Guideline

Yes Guide

 

Figure 5: Evaluation Flowchart 

Measures: Each requirement must have at least one measure.  A single measure can be used for more 
than one requirement.  Each measure should identify the requirement or requirements associated with 
that measure either in the body of the text or in parentheses immediately after the text.  The DT can begin 
writing measures by identifying what evidence the compliance enforcement authority could objectively 
use to measure the performance identified in the associated requirement. 

Each measure must identify the functional entity with the performance being measured – the same 
functional entity that is responsible for the associated requirement.  Each measure must be tangible, 
practical, and as objective as is practical and should support requirements by identifying what evidence 
or types of evidence could be used to show that an entity is compliant with the requirement.  For some 
requirements, only one type of evidence is acceptable – but for many requirements, a range of evidence 
could be acceptable.  A goal in implementing the Reliability Standards process is to avoid requiring entities 
to modify existing practices by adopting tools or techniques that don’t contribute to improved reliability.  
For that reason, requiring that all entities use the same method of demonstrating compliance should be 
avoided unless it is necessary for reliability. 
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Section C – Compliance 
The DT will assist NERC staff, as necessary, to develop Compliance Elements for the standard.  Section C 
of the standard includes the compliance information as shown in Figure 6 below. 

  

Figure 6: Compliance Monitoring Process 

Additional Compliance Information – A variety of information may be listed in this section of the 
standard.  If there are special instructions for measuring compliance these should be outlined here.  If the 
standard relies on exception reporting or periodic reports, then the criteria for submitting the reports 
should be included in this section of the standard. 

C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority (CEA) unless the 
applicable entity is owned, operated, or controlled by the Regional Entity.  In such cases the ERO 
or a Regional Entity approved by FERC or other applicable governmental authority shall serve as 
the CEA. 

1.2 Evidence Retention 

The Responsible Entity shall keep data or evidence to show compliance in accordance with the 
requirements of this standard (i.e., 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. 

[Refer to NERC Compliance Process Bulletin #2011-001, Data Retention Requirements), and 
NERC Rules of Procedure (RoP), Appendix 4C, Uniform Compliance Monitoring and 
Enforcement Program for additional information on Evidence retention.] 

1.3 Compliance Monitoring and Enforcement Processes: 

Compliance Audit 

Self-Certification 

Spot Checking 

Compliance Investigation 

Self-Reporting 

Complaint 

1.4 Additional Compliance Information 

None 

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

1.5 Additional Compliance Information 

None. 
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Table of Compliance Elements – Violation Severity Levels appear in the “Table of Compliance Elements” 
section of the standard.  The VSLs provide guidance on the way that NERC will enforce the Requirements 
of the proposed Reliability Standard.  To assist the DT in the development of VSLs, refer to the Violation 
Severity Level Guidelines.  These guidelines outline the criteria and attributes for developing VSLs. 

Violation Risk Factors: Each requirement must also have a Violation Risk Factor associated with it.  The 
risk factor is one of several elements used to determine an appropriate sanction when the associated 
requirement is violated.  The VRF assesses the impact to reliability of violating a specific requirement and 
shall be categorized as a high, medium or low risk.  The criteria for categorizing a VRF, which has been 
filed with FERC as part of the ERO’s Sanction Guideline (codified as Appendix 4B of the NERC Rules of 
Procedure), along with the FERC identified3 five guidelines that FERC uses to determine whether to 
approve the VRFs submitted for approval, can be found on the NERC web site, Violation Risk Factors. 

If a requirement has parts, and some of the parts are much more critical to reliability than others, then 
the DT should consider subdividing the requirement into separate requirements and assigning a VRF to 
each of the individual requirements.  

Time Horizons: Each standard requirement must also have an associated time horizon to differentiate 
requirements that involve shorter and narrower timeframes (e.g., real-time operations) from those that 
involve longer and broader time frames (e.g., long-term planning). 

Standard requirements involving longer and broader time horizons, such as long-term planning activities, 
may have a lesser immediate impact and pose less immediate risk to the reliability of the Bulk-Power 
System than requirements involving shorter and narrower timeframes.  The ERO’s Sanction Guideline 
(codified as Appendix 4B of the NERC Rules of Procedure) use the time horizon element in the 
determination of penalties for violations on recognition of the “more immediate” nature — and hence 
higher risk — of the threat of some violations as opposed to the lesser-risk “future threat if not corrected” 
nature of other violations.  When establishing a time horizon for each requirement, the criteria presented 
in Time Horizons should be used. 

Although each requirement and its parts, collectively, should be assigned a single VRF it is acceptable to 
include more than one time horizon for a requirement.  Some requirements include performance that 
may take place over multiple time horizons. 

Section D – Variances 
Most standards can be written so that they apply on a continent-wide basis without the need for a 
variance.  FERC accepts that a variance may be needed under the following conditions (Order No. 6724): 

As a general matter, we will accept the following two types of regional differences, provided they 
are otherwise just, reasonable, not unduly discriminatory or preferential and in the public interest, 
as required under the statute: (1) a regional difference that is more stringent than the continent-
wide reliability standard, including a regional difference that addresses matters that the 

                                                           
3 In its May 18, 2007 Order on Violation Risk Factors, FERC identified five “guidelines” it uses to determine whether to approve 

the Violation Risk Factors submitted for approval. 
4 Rules Concerning Certification of the Electric Reliability Organization; and Procedures for the Establishment, Approval and 

Enforcement of Electric Reliability Standards, Order No. 672 FERC Stats. & Regs. ¶ 31,204, at P 291 
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continent-wide reliability standard does not; and (2) a Regional Reliability Standard that is 
necessitated by a physical difference in the Bulk-Power System. 

Regional Variances — Regional variances are generally identified during the SAR stage, but may be 
identified later in the process.  They are specified and requested by the Region that wants the variance.  
While both the SAR DT and the DT must ask stakeholders if they see a need for a regional variance, the 
DTs do not have primary responsibility for writing these variances — writing a variance is the primary 
responsibility of the entity that requests the variance, or their designee.  If a DT receives a variance as it 
is developing a standard, the team will post the variance for comment along with the proposed standard, 
and will ask stakeholders if they support the variance. 

If stakeholders do not support the variance as proposed, the entity that wants the variance may modify 
the variance and post it again for another comment period, or the entity may withdraw its request for the 
variance.  The entity requesting the variance is responsible for working with the DT to respond to each 
comment submitted in response to the proposed variance. 

Section E – Interpretations 
For new or revised standards the DT will typically include the word “None” in this section.  Past 
interpretations that may have been written for a standard will be incorporated into any revision to a 
standard the DT is developing.  

Interpretation DTs will include the approved interpretation by appending their work to the existing 
approved standard to which it applies, and referencing it in this section until such time as the standard is 
revised.  Interpretation DTs will respond to a request for interpretation following the guidance provided 
in Guideline for Interpretation Drafting Teams.  In general, the interpretation may not change the 
standard, address a weakness in the standard, deal with any part other than the requirement section and 
must not opine on achieving compliance. 

Interpretation DTs are encouraged to review past history of the standard’s development by assessing the 
full record including, but not limited to, past comments and responses.  Also, if a potential reliability issue 
or gap exists or is determined during the interpretation process, the team should document suggested 
revisions, develop a SAR to revise the standard accordingly and submit the SAR to NERC staff. 

Section F – References 
The DT may need to develop a form or other document to support the implementation of a standard.  If 
this happens, the document is listed in this section of the standard.  Transmission Loading Relief (“TLR”) 
Reports would be on example of an ‘associated document’. 

The DT may also identify industry references that support or are associated with the standard, such as a 
technical paper published by IEEE, and these may be listed as ‘Associated References’.  However, DTs 
should be careful to ensure that all of the information necessary to comply with the standard is contained 
within the standard itself (i.e., the standard must be self-contained and stand-alone).  Any pertinent 
references will be referred to in this section.
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Appendix 

 
The DT is encouraged to use the developmental history of the standards projects on the NERC web site 
Reliability Standards Development pages.  These pages provide examples of a SAR that was posted for 
comment, all the comment forms, all the consideration of comment reports, and the responses to the 
comments submitted with a ballot for standards previously developed. 

The documents and DT requests previously submitted to the Standards Committee are posted in the 
applicable Standards Committee meeting minutes. 
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Attachment A — Verbs Used in Reliability Standards 
When developing a new or revised standard, DTs should try to use terms that have already been defined 
or terms that are already used in other Reliability Standards to achieve a high degree of consistency 
between standards.  To that end, the Standards staff, working with key DT members, put together the 
following list of verbs and their associated definitions.  These verbs are all used in requirements in existing 
Reliability Standards.  This verb list and its definitions are not in the Glossary of Terms used in NERC 
Reliability Standards but these verbs and their definitions should serve as a reference for DTs who are 
trying to minimize the introduction of new terms into Reliability Standards. 

Verb List Definitions 

Acquire — To obtain something new, such as a 
trait, ability or characteristic; to get as one's 
own; to locate and hold. 

Activate — To make active; to start development 
of 

Address — To communicate directly, spoken, 
written or otherwise; to direct one's attention to 

Adhere — To give support or bind oneself to 
observance 

Agree — To concur in, as an opinion; to settle on 
by comment consent 

Alert — To give warning or notice, or to call to a 
state of readiness; to make clearly aware of 

Analyze — To review elements and critically 
examine 

Apply — To make use or put to use 

Appoint — To fix a place or time; to place in 
office or post 

Approve — To give one’s consent to 

Arrange — To put in a proper order, sequence, 
or relationship; to prepare for; to bring about an 
agreement or understanding 

Assemble — To put together all relevant pieces 

Assess — To make a determination, evaluation, 
or estimate; to critic and judge 

Begin — To do or initiate the first part of an 
action or process 

Calculate — To make a mathematical 
computation; to solve or probe the meaning of; 
to design or adapt for a purpose 

Calibrate — To determine, rectify or mark the 
graduations of; to standardize by determining 
the deviation from the standard; to adjust 
precisely for a particular function 

Check — To test, compare or examine to 
determine if something is as it should be 

Collect — To gather information from multiple 
sources 

Communicate — To receive or distribute, to 
convey or make known information via personal, 
written or electronic methods 

Comply — To execute, conform, adapt, or 
complete 

Compute — To determine, often 
mathematically, an answer or sum 

Conduct — To act as a leader, supervisor or to 
director as leader the performance or action 

Confirm — To prove the truth, validity or 
authenticity of something 

Consider — To give intelligent thought to a 
situation 

Contact — To reach someone through a 
communication device (telephone, radio, etc.) 

Control — To exercise restraining or directing 
influence over 

Cooperate — To work together or among others; 
to act in compliance; to associate with other(s) 
for mutual benefit 

Coordinate — To mediate the exchange of data 
between at least two people 
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Correct — To alter or adjust so as to meet some 
standard or required condition 

Cover — To treat or include information with; to 
guard, protect, prevent observation or 
knowledge of 

Create — To produce or bring into existence 

Curtail — To cause an action to stop 

Define — To mark the limits of with clarity and 
authority; to specify instruction and 
interpretation 

Demonstrate — To point out, show clearly the 
existence of; illustrate or explain 

Describe — To give an account or represent in 
words, figure, model or picture 

Destroy — To ruin the structure, condition or 
existence 

Detect — To discover or determine the 
existence, fact or presence 

Determine — To analyze 

Develop — To set forth or make clear by degrees 
or in detail; to work out the possibilities 

Direct — To use an authoritative voice to tell 
another individual to perform an action 

Disable — To make incapable or ineffective; to 
deprive a right, qualification, capacity 

Disconnect — To sever or terminate a 
connection of or between 

Discuss — To investigate or talk about using 
reason or argument; to present in detail for 
consideration or examination 

Disperse — To cause to break up or become 
spread widely, to distribute 

Display — To exhibit or make evident for viewing 

Disseminate — To spread broadly 

Distribute — To divide among several or many; 
to give out or deliver 

Document — To make a printed record of 
something 

Enable — To make possible or able by providing 
means or opportunity; to give legal power, 
capacity or sanction 

Ensure — To make sure, certain or safe 

Enter — To depress keys on a keyboard so as to 
have information sent to a computer system 

Establish — To institute permanently by 
enactment or agreement; to make firm, stable 

Evaluate — To appraise the worth of; to 
determine or fix the value, significance, 
condition or worth of 

Exchange — To part with, give or transfer while 
receiving something as an equivalent; to part 
with for a substitute; to give and receive 
reciprocally 

Execute — To put into effect; to carry out what 
is required 

Exercise — To perform a function or carrying out 
the terms of an agreement; regular or repeated 
use or practice in order to develop, improve or 
display specific capabilities or skills 

Explain — To make known, plain, or 
understandable; to give a reason for a cause 

Flag — To signal, mark or identify 

Focus — To direct toward a particular point or 
purpose 

Follow — To go, proceed, or come after; to be or 
act in accordance with; to pursue in an effort; to 
seek or attain 

Give — To administer, guide or direct; to execute 
or deliver; to offer or furnish; to perform 

Have — To hold, maintain or possess something 
or a privilege; to stand in a certain relationship 
to 

Hold — To have possession or ownership; to 
have as a privilege or position of responsibility 

Identify — To recognize, establish the identity 
of, ascertain the origin, nature, or definitive 
characteristics of 

Implement — To carry out or fulfill 
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Include — To make a part of a whole, group, or 
class 

Increase — To make greater, larger in size, 
amount, number or intensity 

Indicate — To point out, state or express briefly, 
to serve as a sign 

Inform — To provide information or make aware 

Initiate — To cause or facilitate the start of 

Install — To establish in an indicated place, to set 
prepare, or position for use 

Issue — To distribute, put forth, or make 
available 

Keep — To take notice of by appropriate 
conduct; to retain possession of; to store 

Know — To have direct cognition of; to have 
experience; to be acquainted or familiar with 

Limit — To restrict, curtail or reduce in quantity 
or extent 

List — To make a list of, itemize 

Maintain — To control to specified limits 

Make — To cause to exist or happen; to institute 
or establish; to put together from components 

Manage — To handle, direct, control or conduct 
with a degree of skill, to 

Meet — To conform with or fulfill 

Modify — To make an adjustment 

Monitor — To actively scan various information 
sources 

Notify — To inform someone of some activity 

Offset — To serve as a counterbalance 

Open — To perform actions that will cause a 
device to physically separate from the electric 
system 

Operate — To cause to function or work 

Participate — To take part or share in something 

Pay — (Attention) — To give, offer 

Perform — To carry out an action 

Place — To put in a particular position; to direct 
to a desired spot 

Plan — To arrange or formulate information for 
a specific intention 

Post — To publish, announce or advertise 

Prepare — To make ready in advance 

Protect — To cover or shield from exposure, 
injury, damage or destruction 

Provide — To furnish or supply, make available 

Publish — To prepare and issue printed 
information for public distribution or access 

Record — To enter 

Re-evaluate — To revise or renew 

Reference — To supply or cite a source or make 
a notation 

Release — To relinquish control over a piece of 
equipment 

Render — To cause to be or become 

Repeat — To perform one or more actions 
another time 

Report — To give a formal or informal account 

Request — To ask permission from someone of 
higher authority 

Require — To impose a compulsion or 
command, to demand as necessary 

Resolve — To deal with successfully, to clear up, 
to reach a firm decision about 

Respect — To consider worthy of high regard, to 
have reference to; to refrain from interfering 
with 

Respond — To provide a reply to some request 
for information 

Restore — To return equipment to a specified 
state 

Resynchronize — To re-establish synchronicity 

Retain — To keep possession of, to hold secure 
or intact 
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Return — To go back or come back to a practice 
or condition or specified measure 

Review — To look at available data 

Sample — To test or example by a sample 

Serve — To meet requirements, to work, 
prepare, provide 

Share — To participate in, use or experience 
jointly or in turns 

Shed — To repel without allowing penetration 

Sign — To place a signature on a document 

Specify — To state explicitly or in detail 

Staff — To provide a staff of workers or 
assistants 

Stipulate - To specify or make conditions or 
requirements for an agreement 

Submit — To yield authority; to present or put 
forward an opinion, information, or idea 

Take — To possess and hold 

Terminate — To end 

Test — To use a procedure to measure or 
determine something 

Track — To follow, pursue, or plot a moving path 

Train — To instruct, drill or shape by discipline or 
precept 

Update — To bring up to date 

Use — To put into service, employ; to practice 

Utilize — To find or make a practical use for 

Verify — To prove to be correct by investigation 
or comparison with a standard or reference 

Wait — To curtail actions until some criteria is 
reached 

Work — To physically or mentally make effort or 
activity toward production or accomplishment
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Rationale
• States “why” what is stated in a requirement needs to 

be performed
• Provides a justification (technical or otherwise) for a 

given requirement
• Used in the background explanation for a standard 

• Provides a key to understanding
• Reduces interpretation problems
• Facilitates maintenance and upgrades
• Preserves corporate knowledge

• Not part of the requirement

1



Example Rationale for a Requirement
• Requirement – States “who shall do what under what 

conditions”
The Transmission Owner (TO) shall alert the Operations Planner 
(OP) when something occurs.

• Rationale – States “why”
The OP needs the alert to handle a situation that could lead to 
reduced reliability.  The TO has information that makes issuing an 
alert imperative.  Standard XXX-00Q covers the OP action.

2



Rationale – defines
• Why a requirement is needed

• Why the requirement needs to be included in the document – reason, 
justification.

• What assumptions were made
• Assumptions made that must be true for the requirement to be valid

• What analysis effort drove the requirement
• Trade studies, research, or historical data the requirement is based on

• Information to help understand the requirement
• Information to help the reader understand the intent of the 

requirement.

• Source of any numbers
• If the requirement contains numbers, where did the numbers come 

from: What analysis resulted in that number? What or who was the 
source

3



What NOT to Put in Rationale

• A rewrite of the requirement
• Hidden requirements
• Duplicate another requirement’s rationale 
• Everything you know on the topic

4



Measures
• At least one Measure for each requirement
• Each measure must identify the functional entity
• Each measure must be tangible, practical, and as objective as is 

practical  
• Measures should support requirements by identifying what 

evidence or types of evidence could be used to show that an 
entity is compliant with the requirement  

• Do not use “shall” or “should” in a Measure
• Measures need to meet drafting team guidelines
• New template puts Requirements and Measures  together

5



Requirements and Measures Guidelines
Requirement Measure

Calls for document Require the responsible entity to provide 
that document 

Calls for document having timing-related 
aspects such as “current” or “updated”

Evidence must include references to dates

Is to verify something Include the criteria for verification and the 
evidence to support that the verification 
was conducted 

Is for verification to be executed on some 
periodic basis

Evidence must include references to dates

Is to take an action Include evidence that the action was 
performed 

Is for action under specified conditions or 
with some specified frequency

Include evidence of the conditions under 
which the action was performed or a 
reference to the times when action took 
place, to support the frequency 6
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