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BEFORE THE 
NOVA SCOTIA UTILITY AND REVIEW BOARD 

OF THE PROVINCE OF NOVA SCOTIA 
 
 

NORTH AMERICAN ELECTRIC ) 
RELIABILITY CORPORATION  ) 
 
 

FIRST QUARTER 2014 APPLICATION  
FOR APPROVAL OF RELIABILITY STANDARDS OF THE  

NORTH AMERICAN ELECTRIC RELIABILITY CORPORATION  
 

The North American Electric Reliability Corporation (“NERC”) hereby submits to the 

Nova Scotia Utility and Review Board (“NSUARB”) an application for approval of the NERC 

Reliability Standards and an updated NERC Glossary of Terms approved by the United States 

Federal Energy Regulatory Commission (“FERC” or the “Commission”), submitted for 

informational purposes.  This filing covers the time period from January 1, 2014 through March 

31, 2014.  NERC requests that, as specified herein, these Reliability Standards and Definitions be 

made mandatory and enforceable for users, owners, and operators of the Bulk-Power System 

within the Province of Nova Scotia.        

In support of this request for approval of the proposed Reliability Standards and 

Definitions, NERC submits the following information:  (1) Reliability Standards and Definitions 

approved by FERC in the first quarter of 2014 and the associated updated NERC Glossary of 

Terms (see Exhibit A); (2) an informational summary for each Reliability Standard approved by 

FERC in the first quarter of 2014, including each Standard’s purpose, applicability, and ballot 

body approval percentages (see Exhibit B); and (3) an updated list of the currently-effective 

Reliability Standards as approved by FERC (see Exhibit C). 
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I. NOTICES AND COMMUNICATIONS 

 
Notices and communications regarding this Application may be addressed to:  

Gerald W. Cauley 
President and Chief Executive Officer 
North American Electric Reliability Corporation 
3353 Peachtree Road, N.E. 
Suite 600, North Tower 
Atlanta, GA  30326 
(404) 446-2560 
(404) 446-2595– facsimile 
 
 
 

Charles A. Berardesco 
Senior Vice President and General Counsel  
Holly A. Hawkins 
Associate General Counsel  
Stacey Tyrewala 
Senior Counsel 
North American Electric Reliability Corporation 
1325 G Street, N.W., Suite 600 
Washington, D.C.  20005 
(202) 400-3000 
(202) 644-8099– facsimile 
charlie.berardesco@nerc.net  
holly.hawkins@nerc.net  
stacey.tyrewala@nerc.net  
 

  
II. REQUEST FOR APPROVAL OF RELIABILITY STANDARDS 

A. Background:  NERC Quarterly Filing of Proposed Reliability Standards 

On July 20, 2011, NSUARB issued a decision approving the Reliability Standards and 

NERC Glossary of Terms that NERC submitted to NSUARB on June 30, 2010, and accepted as 

guidance the Violation Risk Factors (“VRF”) and Violation Severity Levels (“VSL”) associated 

with the currently-effective Reliability Standards.1   

NERC has been certified as the Electric Reliability Organization (“ERO”)2 in the United 

States under Section 215 of the Federal Power Act.3  The Reliability Standards contained in 

Exhibit A have been approved as mandatory and enforceable for users, owners, and operators 

                                                 
1   In the Matter of an Application by North American Electric Reliability Corporation for Approval of its 
Reliability Standards, and an application by Northeast Power Coordinating Council, Inc. for Approval of its 
Regional Reliability Criteria, NSUARB-NERC-R-10 (July 20, 2011) (“NSUARB Decision”). 
2   Through enactment of the Energy Policy Act of 2005, the U.S. Congress entrusted FERC with the duties of 
approving and enforcing rules in the U.S. to ensure the reliability of the Nation’s bulk power system, and with the 
duties of certifying an ERO. On July 20, 2006, FERC certified NERC as the ERO, charged with developing 
mandatory and enforceable Reliability Standards, which are subject to FERC review and approval. 
3 16 U.S.C. § 824o(f) (2006).   
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within the United States by FERC.4  Some or all of NERC’s Reliability Standards are now 

mandatory in the Canadian Provinces of Alberta, British Columbia, Manitoba, New Brunswick, 

Nova Scotia, Ontario, Québec, and Saskatchewan.  

NERC entered into a Memorandum of Understanding (“MOU”) with the NSUARB5 and 

a separate MOU with Nova Scotia Power Incorporated (“NSPI”), and the Northeast Power 

Coordinating Council, Inc. (“NPCC”),6 which became effective on December 22, 2006 and May 

11, 2010, respectively.  The May 11, 2010 MOU sets forth the mutual understandings of NERC, 

NSPI, and NPCC regarding the approval and implementation of NERC Reliability Standards and 

NPCC Regional Reliability Criteria in Nova Scotia and other related matters.   

In addition, the NSUARB Decision approved a “quarterly review” process for 

considering new and amended NERC standards and criteria.7  On September 2, 2011, NERC 

submitted its Second Quarter 2011 application filing to NSUARB, in which NERC committed to 

file a quarterly application with the NSUARB within sixty days after the end of each quarter for 

approval of all NERC Reliability Standards and updated Glossary of Terms approved by FERC 

during that quarter.   

The NSUARB Decision also determined that quarterly “applications will not be 

processed by the Board until [FERC] has approved or remanded the standards in the United 

States.”8  Therefore, NERC is only requesting NSUARB approval for those Reliability Standards 

approved by FERC.   

                                                 
4   Those standards marked with an asterisk are not yet effective, but have been approved by FERC. 
5   See Memorandum of Understanding between Nova Scotia Utility and Review Board and North American 
Electric Reliability Corporation (signed December 22, 2006). 
6   See Memorandum of Understanding between Nova Scotia Power Incorporated and the Northeast Power 
Coordinating Council, Inc. and the North American Electric Reliability Corporation (signed May 11, 2010). 
7   NSUARB Decision at P 30. 
8   NSUARB Decision at P 30. 
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The NSUARB Decision also concluded that NSUARB approval is not required for VRFs 

and VSLs associated with proposed Reliability Standards.9  Thus, NERC does not seek formal 

approval of VRFs and VSLs associated with the Reliability Standards submitted in this quarterly 

application.  However, because the NSUARB has determined that it will accept the VRFs and 

VSLs as guidance, NERC is providing a link to the associated FERC-approved VRFs and VSLs 

for the Reliability Standards for informational purposes.10   

NERC has not included in this filing the full developmental record for the standards, 

which consists of the draft standards, comments received, responses to the comments by the 

drafting teams, and the full voting record, because the record for each standard may consist of 

several thousand pages.  NERC will make the full developmental record available to the 

NSUARB or other interested parties upon request. 

B. Overview of NERC Reliability Standards Development Process 

NERC Reliability Standards define the requirements for reliably planning and operating 

the North American Bulk-Power System.  These standards are developed by industry 

stakeholders using a balanced, open, fair and inclusive process managed by the NERC Standards 

Committee.  The Standards Committee is facilitated by NERC staff and comprised of 

representatives from ten electricity stakeholder segments.  Stakeholders, through the balloting 

process, and the NERC Board of Trustees have approved the standards provided in Exhibit A.   

NERC develops Reliability Standards in accordance with Section 300 (Reliability 

Standards Development) and Appendix 3A (Standards Processes Manual) of its Rules of 

                                                 
9   Id. at P 33. 
10   NERC’s VRF and VSL matrices are available at: 
http://www.nerc.com/pa/stand/Pages/ReliabilityStandardsUnitedStates.aspx?jurisdiction=United States.     See left-
hand side of webpage for downloadable documents. 
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Procedure.11  NERC’s Reliability Standards development process has been approved by the 

American National Standards Institute as being open, inclusive, balanced, and fair.  The 

Glossary of Terms Used in NERC Reliability Standards – most recently updated May 8, 2014 – 

lists each term that is defined for use in one or more of NERC’s continent-wide or Regional 

Reliability Standards approved by the NERC Board of Trustees, and is submitted for 

informational purposes.  NERC is requesting approval of five Definitions (Frequency Response 

Measure; Frequency Response Obligation; Frequency Response Sharing Group; Frequency Bias 

Setting; and Bulk Electric System) included in the Glossary, as detailed blow.  

C. Description of Proposed Definitions and Reliability Standards, First Quarter 
2014 

As explained below, three FERC orders were issued in the first quarter of 2014 

approving NERC Reliability Standards and related Glossary terms: (1) an order approving 

Reliability Standard BAL-003-112 issued on January 16, 2014 (which includes four Definitions); 

(2) an order approving five Generator Verification Reliability Standards 13 issued on March 20, 

2014; and (3) an order approving a revised Definition of “bulk electric system.”14 Additionally, 

on January 30, 2014, FERC approved Revisions to the NERC Rules of Procedure Appendix 4D. 

                                                 
11   NERC’s Rules of Procedure are available at:  http://www.nerc.com/AboutNERC/Pages/Rules-of-
Procedure.aspx.  
12         North American Electric Reliability Corp., 146 FERC ¶ 61,024 (2014). 
13         North American Electric Reliability Corp., 146 FERC ¶ 61,213 (2014). 
14       North American Electric Reliability Corp., 146 FERC ¶ 61,199 (2014). 
 

Reliability Standard Effective Date 
Resource and Demand Balancing(BAL) Standard  
BAL-003-1* 4/1/2015 
Modeling, Data, and Analysis (MOD) Standards  
MOD-025-2* 7/1/2016 
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* At the time of this filing, all standards marked with an asterisk are not yet effective, but have 
been approved by FERC and have a future mandatory effective date. 
 

1. BAL-003-1 

On January 16, 2014, FEC approved Reliability Standard BAL-003-1- Frequency 

Response and Frequency Bias Setting and three new definitions and one revised definition to be 

added to the NERC Glossary of Terms. The approved definitions of the terms “Frequency 

Response Measure,” “Frequency Response Obligation,” “Frequency Response Sharing Group,” 

and a revised definition of “Frequency Bias Setting” are included in the updated Glossary in 

Exhibit A.  Reliability Standard BAL-003-1 establishes a minimum Frequency Response 

Obligation for each Balancing Authority; provides a uniform calculation of frequency response; 

establishes Frequency Bias Settings that set values closer to actual Balancing Authority 

frequency response; and encourages coordinated automatic generation control (AGC) operation.   

2. Generator Verification Reliability Standards 

On March 20, 2014, FERC approved the five Generator Verification Reliability 

Standards:  MOD-025-2 –Verification  and Data Reporting of Generator Real and Reactive 

Power Capability and Synchronous Condenser Reactive Power Capability; MOD-026-1—

Verification  of Models and Data for Generator Excitation Control System or Plant Volt/Var 

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

Load Control or Active Power/Frequency Control Functions; PRC-019-1 –Coordination  of 

Generating Unit or Plant Capabilities, Voltage Regulating Controls, and Protection; and PRC-

024-1–Generator  Frequency and Voltage Protective Relay Settings.  The generator verification 

MOD-026-1* 7/1/2014 
MOD-027-1* 7/1/2014 
Protection and Control (PRC) Standards   
PRC-019-1* 7/1/2016 
PRC-024-1* 7/1/2016 



7 
 

Reliability Standards improve the accuracy of model verifications needed to support reliability 

and enhance the coordination of generator protection systems and voltage regulating system 

controls.   

Reliability Standards MOD-026-1, MOD-027-1, PRC-019-1 and PRC-024-1 are new, 

whereas Reliability Standard MOD-025-2 consolidates two existing Reliability Standards, 

MOD-024-1 (Verification of Generator Gross and Net Real Power Capability) and MOD-025-1 

(Verification of Generator Gross and Net Reactive Power Capability), into one new Reliability 

Standard. 

3. Definition of “Bulk Electric System” 

On March 20, 2014, FERC approved revisions to the definition of “Bulk Electric 

System” which is included in the NERC Glossary of Terms.  These revisions are reflected in 

Exhibit A.  The revised definition of “Bulk Electric System” supersedes in its entirety the 

version approved by FERC in Order Nos. 773 and 773-A (commonly referred to as the “Phase 1 

BES Definition”).  As the Board noted previously, FERC granted a motion by NERC to extend 

to the effective date of the BES Definition to July 1, 2014, to allow for time to refine the 

definition.  NERC submitted a revised BES Definition to FERC on December 13, 2013, which 

was accepted by FERC on March 20, 2014. 

 NERC’s proposed definition consisted of a “core” definition and a list of configurations 

of facilities that will be included or excluded from the “core” definition, i.e., Inclusions and 

Exclusions.  The Inclusions address five specific facilities configurations to provide clarity that 

the facilities described in these configurations are included in the BES.  Similarly, the 

Exclusions address four specific facilities configurations that are not included in the BES.  The 

Inclusions and Exclusions address typical system facilities and configurations such as 
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generation and radial systems, provide additional granularity that improves consistency, and 

provide a practical means to determine the status of common system configurations.  The case-

by-case exception process, to add elements to, and remove elements from, the BES adds 

transparency and uniformity to the process of determining what constitutes the Bulk Electric 

System. 

The proposed revisions to the BES Definition build upon Phase 1 and include significant 

improvements to the Inclusions and Exclusions, without modifying the core definition.  A 

summary of the proposed revision to the BES Definition is provided below. 

Summary of Proposed Revisions to the BES Definition 

No changes are proposed to the core BES Definition, Inclusion I3 (Blackstart Resources) 

or Exclusion E2 (Behind the Meter Generation).  Minor clarifying changes are proposed to: 

• Inclusion I1 (Transformers);  

• Inclusion I2 (Generating Resources); and  

• Inclusion I5 (Static or Dynamic Reactive Power Devices).   

 
Substantive revisions are proposed to Inclusion I4 (Dispersed Power Producing 

Resources) and Exclusions E1 (Radial Systems), E3 (Local Networks) and E4 (Reactive Power 

Devices), as described below.   

• Inclusion I4 (Dispersed Power Producing Resources):   

o Collector systems, from the point where the generation aggregates to 75 
MVA to a common point of connection at a voltage of 100 kV or above, 
are proposed to be included in the BES. 

• Exclusion E1 (Radial Systems):  

o A threshold of 50 kV is proposed as the operating voltage below which 
loops between radial systems will not preclude the application of 
Exclusion E1;15   

                                                 
15    This ensures that Elements at or above 100 kV in a looped configuration are not excluded from the BES by 
application of Exclusion E1.  See Order No. 773-A at P 44. 
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o In accordance with Order Nos. 773 and 773-A, Exclusion E1 is proposed 
to be modified so that it does not apply to tie-lines, i.e., generator 
interconnection facilities, for BES generators.   

• Exclusion E3 (Local Networks): 

o In accordance with Order Nos. 773 and 773-A, the 100 kV minimum 
operating voltage for Exclusion E3 is proposed for removal; 

o In accordance with Order Nos. 773 and 773-A, Exclusion E3 is proposed 
to be modified so that it does not apply to tie-lines, i.e., generator 
interconnection facilities, for BES generators;   

o A revision is proposed to Exclusion E3 to include any part of a permanent 
Flowgate. 

• Exclusion E4 (Reactive Power Devices): 

o  A revision is proposed to Exclusion E4 to remove ownership implications 
consistent with the component-based nature of the BES Definition. 

 

 

 



 

III. CONCLUSION 

NERC respectfully requests that the NSUARB approve the Reliability Standards 

and Definitions as specified herein.  

      Respectfully submitted, 

 
               /s/ Stacey Tyrewala 

 
Gerald W. Cauley 
President and Chief Executive Officer 
North American Electric Reliability Corporation 
3353 Peachtree Road, N.E. 
Suite 600, North Tower 
Atlanta, GA  30326 
(404) 446-2560 
(404) 446-2595– facsimile 
 
 
 

Charles A. Berardesco 
Senior Vice President and General Counsel  
Holly A. Hawkins 
Associate General Counsel  
Stacey Tyrewala 
Senior Counsel 
North American Electric Reliability Corporation 
1325 G Street, N.W., Suite 600 
Washington, D.C.  20005 
(202) 400-3000 
(202) 644-8099– facsimile 
charlie.berardesco@nerc.net  
holly.hawkins@nerc.net  
stacey.tyrewala@nerc.net  
 
Counsel for North American Electric Reliability 
Corporation 
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* At the time of this filing, all standards marked with an asterisk are not yet effective, but have 
been approved by FERC and have a future mandatory effective date. 
 

Reliability Standard Effective Date 
Resource and Demand Balancing(BAL) Standard  
BAL-003-1* 4/1/2015 
Modeling, Data, and Analysis (MOD) Standards  
MOD-025-2* 7/1/2016 
MOD-026-1* 7/1/2014 
MOD-027-1* 7/1/2014 
Protection and Control (PRC) Standards   
PRC-019-1* 7/1/2016 
PRC-024-1* 7/1/2016 
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Standard BAL-003-1 — Frequency Response and Frequency Bias Setting 

 
  Page 1 of 12  

A. Introduction 

Title:  Frequency Response and Frequency Bias Setting 

Number: BAL-003-1 

Purpose: To require sufficient Frequency Response from the Balancing Authority (BA) to 
maintain Interconnection Frequency within predefined bounds by arresting frequency 
deviations and supporting frequency until the frequency is restored to its scheduled 
value.  To provide consistent methods for measuring Frequency Response and 
determining the Frequency Bias Setting.    

Applicability:  

1.1. Balancing Authority  

1.1.1 The Balancing Authority is the responsible entity unless the Balancing 
Authority is a member of a Frequency Response Sharing Group, in which 
case, the Frequency Response Sharing Group becomes the responsible 
entity. 

1.2. Frequency Response Sharing Group 

Effective Date: 

1.3. In those jurisdictions where regulatory approval is required, Requirements R2, R3 
and R4 of this standard shall become effective the first calendar day of the first 
calendar quarter 12 months after applicable regulatory approval.  In those 
jurisdictions where no regulatory approval is required, Requirements R2, R3 and 
R4 of this standard shall become effective the first calendar day of the first 
calendar quarter 12 months after Board of Trustees adoption. 

1.4. In those jurisdictions where regulatory approval is required, Requirements R1 of 
this standard shall become effective the first calendar day of the first calendar 
quarter 24 months after applicable regulatory approval.  In those jurisdictions 
where no regulatory approval is required, Requirements R1 of this standard shall 
become effective the first calendar day of the first calendar quarter 24 months 
after Board of Trustees adoption. 

 

B. Requirements 

R1. Each Frequency Response Sharing Group (FRSG) or Balancing Authority that is not a 
member of a FRSG shall achieve an annual Frequency Response Measure (FRM) (as 
calculated and reported in accordance with Attachment A) that is equal to or more 
negative than its Frequency Response Obligation (FRO) to ensure that sufficient 
Frequency Response is provided by each FRSG or BA that is not a member of a FRSG 
to maintain Interconnection Frequency Response equal to or more negative than the 
Interconnection Frequency Response Obligation. [Risk Factor: Medium ][Time 
Horizon: Real-time Operations] 
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R2. Each Balancing Authority that is a member of a multiple Balancing Authority 
Interconnection and is not receiving Overlap Regulation Service and uses a fixed 
Frequency Bias Setting shall implement the Frequency Bias Setting determined in 
accordance with Attachment A, as validated by the ERO, into its Area Control Error 
(ACE) calculation during the implementation period specified by the ERO and shall 
use this Frequency Bias Setting until directed to change by the ERO. [Risk Factor: 
Medium ][Time Horizon: Operations Planning] 

R3. Each Balancing Authority that is a member of a multiple Balancing Authority 
Interconnection and is not receiving Overlap Regulation Service and is utilizing a 
variable Frequency Bias Setting shall maintain a Frequency Bias Setting that is: [Risk 
Factor: Medium ][Time Horizon: Operations Planning] 

1.1 Less than zero at all times, and 

1.2 Equal to or more negative than its Frequency Response Obligation when 
Frequency varies from 60 Hz by more than +/- 0.036 Hz. 

R4. Each Balancing Authority that is performing Overlap Regulation Service shall modify 
its Frequency Bias Setting in its ACE calculation, in order to represent the Frequency 
Bias Setting for the combined Balancing Authority Area, to be equivalent to either: 
[Risk Factor: Medium ][Time Horizon: Operations Planning] 
 
 The sum of the Frequency Bias Settings as shown on FRS Form 1 and FRS 

Form 2 for the participating Balancing Authorities as validated by the ERO, or 
 

 The Frequency Bias Setting shown on FRS Form 1 and FRS Form 2 for the 
entirety of the participating Balancing Authorities’ Areas. 

 
C. Measures 

M1. Each Frequency Response Sharing Group or Balancing Authority that is not a member 
of a Frequency Response Sharing Group shall have evidence such as dated data plus 
documented formula in either hardcopy or electronic format that it achieved an annual 
FRM (in accordance with the methods specified by the ERO in Attachment A with data 
from FRS Form 1 reported to the ERO as specified in Attachment A) that is equal to or 
more negative than its FRO to demonstrate compliance with Requirement R1. 

M2. The Balancing Authority that is a member of a multiple Balancing Authority 
Interconnection and is not receiving Overlap Regulation Service shall have evidence 
such as a dated document in hard copy or electronic format showing the ERO validated 
Frequency Bias Setting was implemented into its ACE calculation within the 
implementation period specified or other evidence to demonstrate compliance with 
Requirement R2. 

M3. The Balancing Authority that is a member of a multiple Balancing Authority 
Interconnection, is not receiving Overlap Regulation Service and is utilizing variable 
Frequency Bias shall have evidence such as a dated report in hard copy or electronic 
format showing the average clock-minute average Frequency Bias Setting was less 
than zero and during periods when the clock-minute average frequency was outside of 
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the range 59.964 Hz to 60.036 Hz was equal to or more negative than its Frequency 
Response Obligation to demonstrate compliance with Requirement R3. 
 

M4. The Balancing Authority shall have evidence such as a dated operating log, database or 
list in hard copy or electronic format showing that when it performed Overlap 
Regulation Service, it modified its Frequency Bias Setting in its ACE calculation as 
specified in Requirement R4 to demonstrate compliance with Requirement R4. 

 

D. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

The Regional Entity is the Compliance Enforcement Authority except where the 
responsible entity works for the Regional Entity.  Where the responsible entity 
works for the Regional Entity, the Regional Entity will establish an agreement 
with the ERO or another entity approved by the ERO and FERC (i.e. another 
Regional Entity), to be responsible for compliance enforcement. 

1.2. Compliance Monitoring and Assessment Processes: 

Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Investigation 

Self-Reporting 

Complaints 

1.3. Data 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 Balancing Authority shall retain data or evidence to show compliance with 
Requirements R1, R2, R3 and R4, Measures M1, M2, M3 and M4 for the current 
year plus the previous three calendar years unless directed by its Compliance 
Enforcement Authority to retain specific evidence for a longer period of time as 
part of an investigation. 

The Frequency Response Sharing Group shall retain data or evidence to show 
compliance with Requirement R1 and Measure M1 for the current year plus the 
previous three calendar years unless directed by its Compliance Enforcement 
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Authority to retain specific evidence for a longer period of time as part of an 
investigation. 

If a Balancing Authority or Frequency Response Sharing Group is found non-
compliant, it shall keep information related to the non-compliance until found 
compliant or for the time period specified above, whichever is longer.  

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

1.4. Additional Compliance Information 

For Interconnections that are also Balancing Authorities, Tie Line Bias control 
and flat frequency control are equivalent and either is acceptable. 

 

2.0  Violation Severity Levels 

R# Lower VSL Medium VSL High VSL Severe VSL 

R1 The summation of 
the Balancing 
Authorities’ FRM 
within an 
Interconnection was 
equal to or more 
negative than the 
Interconnection’s 
IFRO, and the 
Balancing 
Authority’s, or 
Frequency Response 
Sharing Group’s, 
FRM was less 
negative than its 
FRO by more than 
1% but by at most 
30% or 15 MW/0.1 
Hz, whichever one 
is the greater 
deviation from its 
FRO 

The summation of 
the Balancing 
Authorities’ FRM 
within an 
Interconnection was 
equal to or more 
negative than the 
Interconnection’s 
IFRO, and the 
Balancing 
Authority’s, or 
Frequency Response 
Sharing Group’s, 
FRM was less 
negative than its 
FRO by more than 
30% or by more 
than 15 MW/0.1 Hz, 
whichever is the 
greater deviation 
from its FRO 

 

The summation of 
the Balancing 
Authorities’ FRM 
within an 
Interconnection did 
not meet its IFRO, 
and the Balancing 
Authority’s, or 
Frequency Response 
Sharing Group’s, 
FRM was less 
negative than its 
FRO by more than 
1% but by at most 
30% or 15 MW/0.1 
Hz, whichever one is 
the greater deviation 
from its FRO 

 

The summation of 
the Balancing 
Authorities’ FRM 
within an 
Interconnection did 
not meet its IFRO, 
and the Balancing 
Authority’s, or 
Frequency Response 
Sharing Group’s, 
FRM was less 
negative than its 
FRO by more than 
30% or by more 
than 15 MW/0.1 Hz, 
whichever is the 
greater deviation 
from its FRO 

 

R2 The Balancing 
Authority in a 
multiple Balancing 
Authority 
Interconnection and 
not receiving 
Overlap Regulation 

The Balancing 
Authority in a 
multiple Balancing 
Authority 
Interconnection and 
not receiving 
Overlap Regulation 

The Balancing 
Authority in a 
multiple Balancing 
Authority 
Interconnection and 
not receiving 
Overlap Regulation 

The Balancing 
Authority in a 
multiple Balancing 
Authority 
Interconnection and 
not receiving 
Overlap Regulation 
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Service and uses a 
fixed Frequency 
Bias Setting failed to 
implement the 
validated Frequency 
Bias Setting value 
into its ACE 
calculation within 
the implementation 
period specified but 
did so within 5 
calendar days from 
the implementation 
period specified by 
the ERO. 

Service and uses a 
fixed Frequency 
Bias Setting 
implemented the 
validated Frequency 
Bias Setting value 
into its ACE 
calculation in more 
than 5 calendar days 
but less than or 
equal to 15 calendar 
days from the 
implementation 
period specified by 
the ERO. 

Service and uses a 
fixed Frequency 
Bias Setting 
implemented the 
validated Frequency 
Bias Setting value 
into its ACE 
calculation in more 
than 15 calendar 
days but less than or 
equal to 25 calendar 
days from the 
implementation 
period specified by 
the ERO. 

Service and uses a 
fixed Frequency 
Bias Setting did not 
implement the 
validated Frequency 
Bias Setting value 
into its ACE 
calculation in more 
than 25 calendar 
days from the 
implementation 
period specified by 
the ERO. 

R3 The Balancing 
Authority that is a 
member of a 
multiple Balancing 
Authority 
Interconnection and 
is not receiving 
Overlap Regulation 
Service and uses a 
variable Frequency 
Bias Setting average 
Frequency Bias 
Setting during 
periods when the 
clock-minute 
average frequency 
was outside of the 
range 59.964 Hz to 
60.036 Hz was less 
negative than its 
Frequency Response 
Obligation by more 
than 1% but by at 
most 10%. 

The Balancing 
Authority that is a 
member of a 
multiple Balancing 
Authority 
Interconnection and 
not receiving 
Overlap Regulation 
Service and uses a 
variable Frequency 
Bias Setting average 
Frequency Bias 
Setting during 
periods when the 
clock-minute 
average frequency 
was outside of the 
range 59.964 Hz to 
60.036 Hz was less 
negative than its 
Frequency Response 
Obligation by more 
than 10% but by at 
most 20%. 

The Balancing 
Authority that is a 
member of a 
multiple Balancing 
Authority 
Interconnection and 
not receiving 
Overlap Regulation 
Service and uses a 
variable Frequency 
Bias Setting average 
Frequency Bias 
Setting during 
periods when the 
clock-minute 
average frequency 
was outside of the 
range 59.964 Hz to 
60.036 Hz was less 
negative than its 
Frequency Response 
Obligation by more 
than 20% but by at 
most 30%. 

The Balancing 
Authority that is a 
multiple Balancing 
Authority 
Interconnection and 
not receiving 
Overlap Regulation 
Service and uses a 
variable Frequency 
Bias Setting average 
Frequency Bias 
Setting during 
periods when the 
clock-minute 
average frequency 
was outside of the 
range 59.964 Hz to 
60.036 Hz was less 
negative than its 
Frequency Response 
obligation by more 
than 30%.. 

R4 The Balancing 
Authority 
incorrectly changed 
the Frequency Bias 
Setting value used in 
its ACE calculation 
when providing 

The Balancing 
Authority 
incorrectly changed 
the Frequency Bias 
Setting value used in 
its ACE calculation 
when providing 

The Balancing 
Authority 
incorrectly changed 
the Frequency Bias 
Setting value used in 
its ACE calculation 
when providing 

The Balancing 
Authority 
incorrectly changed 
the Frequency Bias 
Setting value used in 
its ACE calculation 
when providing 
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Overlap Regulation 
Services with 
combined footprint 
setting-error less 
than or equal to 10% 
of the validated or 
calculated value. 

Overlap Regulation 
Services with 
combined footprint 
setting-error more 
than 10% but less 
than or equal to 20% 
of the validated or 
calculated value. 

Overlap Regulation 
Services with 
combined footprint 
setting-error more 
than 20% but less 
than or equal to 30% 
of the validated or 
calculated value. 

Overlap Regulation 
Services with 
combined footprint 
setting-error more 
than 30% of the 
validated or 
calculated value. 

OR 
The Balancing 
Authority failed to 
change the 
Frequency Bias 
Setting value used in 
its ACE calculation 
when providing 
Overlap Regulation 
Services. 

 

E. Regional Variance 

None 

 

F. Associated Documents 

Procedure for ERO Support of Frequency Response and Frequency Bias Setting Standard 

FRS Form 1 

FRS Form 2 

Frequency Response Standard Background Document 

 

G. Version History 

Version Date Action Change Tracking 

0 April 1, 2005 Effective Date New 

0 August 8, 2005 Removed "Proposed" from 
Effective Date 

Errata 

0 March 16, 2007 FERC Approval — Order 693 New 

0a December 19, 
2007 

Added Appendix 1  
Interpretation of R3 approved 
by BOT on October 23, 2007 

Addition 

0a July 21, 2008 FERC Approval of 
Interpretation of R3 

Addition 
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0b February 12, 
2008 

Added Appendix 2  
Interpretation of R2, R2.2, R5, 
and R5.1 approved by BOT on 
February 12, 2008 

Addition 

0.1b January 16, 2008 Section F: added “1.”; 
changed hyphen to “en dash.” 
Changed font style for 
“Appendix 1” to Arial; 
updated version number to 
“0.1b” 

Errata 

0.1b October 29, 
2008 

BOT approved errata changes Errata 

0.1a May 13, 2009 FERC Approved errata 
changes – version changed to 
0.1a (Interpretation of R2, 
R2.2, R5, and R5.1 not yet 
approved) 

Errata 

0.1b May 21, 2009 FERC Approved 
Interpretation of R2, R2.2, R5, 
and R5.1 

Addition 

1 February 7, 2013 Adopted by NERC Board of 
Trustees 

Complete Revision under 
Project 2007-12 

1 January 16, 2014 FERC Order issued approving 
BAL-003-1. (Order becomes 
effective for R2, R3, and R4 
April 1, 2015.  R1 becomes 
effective April 1, 2016.) 
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Attachment A 

BAL-003-1 Frequency Response & Frequency Bias Setting Standard 

Supporting Document 

Interconnection Frequency Response Obligation (IFRO) 
The ERO, in consultation with regional representatives, has established a target contingency protection 
criterion for each Interconnection called the Interconnection Frequency Response Obligation (IFRO).  
The default IFRO listed in Table 1 is based on the resource contingency criteria (RCC), which is the largest 
category C (N‐2) event identified except for the Eastern Interconnection, which uses the largest event in 
the last 10 years.  A maximum delta frequency (MDF) is calculated by adjusting a starting frequency for 
each Interconnection by the following: 

 Prevailing UFLS first step 

 CCAdj which is the adjustment for the differences between 1‐second and sub‐second Point C 

observations for frequency events.  A positive value indicates that the sub‐second C data is 

lower than the 1‐second data 

 CBR which is the statistically determined ratio of the Point C to Value B 

 BC’Adj which is the statistically determined adjustment for the event nadir being below the Value 

B (Eastern Interconnection only) during primary frequency response withdrawal. 

The IFRO for each Interconnection in Table 1 is then calculated by dividing the RCC MWs by 10 times the 
MDF.  In the Eastern Interconnection there is an additional adjustment (BC’Adj) for the event nadir being 
below the Value B due to primary frequency response withdrawal.  This IFRO includes uncertainty 
adjustments at a 95 % confidence level.  Detailed descriptions of the calculations used in Table 1 below 
are defined in the Procedure for ERO Support of Frequency Response and Frequency Bias Setting 
Standard. 

Interconnection  Eastern Western ERCOT HQ  Units

Starting Frequency (FStart)  59.974 59.976 59.963 59.972  Hz

Prevailing UFLS First Step  59.5* 59.5 59.3 58.5  Hz

Base Delta Frequency (DFBase)  0.474 0.476 0.663 1.472  Hz

CCADJ  0.007 0.004 0.012 N/A   Hz

Delta Frequency (DFCC)  0.467 0.472 0.651 1.472  Hz

CBR  1.000 1.625 1.377 1.550   

Delta Frequency (DFCBR)  0.467 0.291 0.473 0.949  Hz 

BC’ADJ  0.018 N/A N/A N/A  Hz

Max. Delta Frequency (MDF)  0.449 0.291 0.473 0.949   
Resource Contingency Criteria 
(RCC)  4,500 2,740 2,750 1,700  MW

Credit for Load Resources 
(CLR)    300 1,400**   MW

IFRO  ‐1,002 ‐840 ‐286 ‐179  MW/0.1 Hz

Table 1:  Interconnection Frequency Response Obligations 
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*The Eastern Interconnection UFLS set point listed is a compromise value set midway between 
the stable frequency minimum established in PRC‐006‐1 (59.3 Hz) and the local protection UFLS 
setting of 59.7 Hz used in Florida and Manitoba.    

**In the Base Obligation measure for ERCOT, 1400 MW (Load Resources triggered by Under 
Frequency Relays at 59.70 Hz) was reduced from its Resource Contingency Criteria level of 2750 
MW to get 239 MW/0.1 Hz. This was reduced to accurately account for designed response from 
Load Resources within 30 cycles. 

 

An Interconnection may propose alternate IFRO protection criteria to the ERO by submitting a SAR with 
supporting technical documentation.  

Balancing Authority Frequency Response Obligation (FRO) and Frequency Bias 
Setting 
The ERO will manage the administrative procedure for annually assigning an FRO and implementation of 
the Frequency Bias Setting for each Balancing Authority.  The annual timeline for all activities described 
in this section are shown below. 

For a multiple Balancing Authority interconnection, the Interconnection Frequency Response Obligation 
shown in Table 1 is allocated based on the Balancing Authority annual load and annual generation.  The 
FRO allocation will be based on the following method: 

FRO IFRO
Annual	Gen Annual	Load
Annual	Gen Annual	Load

 

Where: 

 Annual GenBA is the total annual “Output of Generating Plants” within the Balancing Authority 

Area (BAA), on FERC Form 714, column c of Part II ‐ Schedule 3. 

 Annual LoadBA is total annual Load within the BAA, on FERC Form 714, column e of Part II ‐ 

Schedule 3. 

 Annual GenInt is the sum of all Annual GenBA values reported in that interconnection. 

 Annual LoadInt is the sum of all Annual LoadBA values reported in that interconnection. 

The data used for this calculation is from the most recently filed Form 714. As an example, a report to 
NERC in January 2013 would use the Form 714 data filed in 2012, which utilized data from 2011. 

Balancing Authorities that are not FERC jurisdictional should use the Form 714 Instructions to assemble 
and submit equivalent data to the ERO for use in the FRO Allocation process. 

Balancing Authorities that elect to form a FRSG will calculate a FRSG FRO by adding together the 
individual BA FRO’s. 

Balancing Authorities that elect to form a FRSG as a means to jointly meet the FRO will calculate their 
FRM performance one of two ways: 

 Calculate a group NIA and measure the group response to all events in the reporting year on a 

single FRS Form 1, or 

 Jointly submit the individual BAs’ Form 1s, with a summary spreadsheet that contains the sum 

of each participant’s individual event performance.   
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Balancing Authorities that merge or that transfer load or generation are encouraged to notify the ERO of 
the change in footprint and corresponding changes in allocation such that the net obligation to the 
Interconnection remains the same and so that CPS limits can be adjusted. 

Each Balancing Authority reports its previous year’s Frequency Response Measure (FRM), Frequency 
Bias Setting and Frequency Bias type (fixed or variable) to the ERO each year to allow the ERO to validate 
the revised Frequency Bias Settings on FRS Form 1.  If the ERO posts the official list of events after the 
date specified in the timeline below, Balancing Authorities will be given 30 days from the date the ERO 
posts the official list of events to submit their FRS Form 1. 

Once the ERO reviews the data submitted in FRS Form 1 and FRS Form 2 for all Balancing Authorities, 
the ERO will use FRS Form 1 data to post the following information for each Balancing Authority for the 
upcoming year: 

 Frequency Bias Setting 

 Frequency Response Obligation (FRO) 

Once the data listed above is fully posted, the ERO will announce the three‐day implementation period 
for changing the Frequency Bias Setting if it differs from that shown in the timeline below. 

A BA using a fixed Frequency Bias Setting sets its Frequency Bias Setting to the greater of (in absolute 
value): 

 Any number the BA chooses between 100% and 125% of its Frequency Response Measure as 

calculated on FRS Form 1 

 Interconnection Minimum as determined by the ERO 

For purposes of calculating the minimum Frequency Bias Setting, a Balancing Authority participating in a 
Frequency Response Sharing Group will need to calculate its stand‐alone Frequency Response Measure 
using FRS Form 1 and FRS Form 2 to determine its minimum Frequency Bias Setting.  

A Balancing Authority providing Overlap Regulation will report the historic peak demand and generation 
of its combined BAs’ areas on FRS Form 1 as described in Requirement R4. 

There are occasions when changes are needed to Bias Settings outside of the normal schedule.  
Examples are footprint changes between Balancing Authorities and major changes in load or generation 
or the formation of new Balancing Authorities.  In such cases the changing Balancing Authorities will 
work with their Regions, NERC and the Resources Subcommittee to confirm appropriate changes to Bias 
Settings, FRO, CPS limits and Inadvertent Interchange balances.   

If there is no net change to the Interconnection total Bias, the Balancing Authorities involved will agree 
on a date to implement their respective change in Bias Settings.  The Balancing Authorities and ERO will 
also agree to the allocation of FRO such that the sum remains the same. 

If there is a net change to the Interconnection total Bias, this will cause a change in CPS2 limits and FRO 
for other Balancing Authorities in the Interconnection.  In this case, the ERO will notify the impacted 
Balancing Authorities of their respective changes and provide an implementation window for making 
the Bias Setting changes. 

Frequency Response Measure (FRM) 
The Balancing Authority will calculate its FRM from Single Event Frequency Response Data (SEFRD), 
defined as: “the data from an individual event from a Balancing Authority that is used to calculate its 
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Frequency Response, expressed in MW/0.1Hz” as calculated on FRS Form 2 for each event shown on FRS 
Form 1.  The events in FRS Form 1 are selected by the ERO using the Procedure for ERO Support of 
Frequency Response and Frequency Bias Setting Standard.  The SEFRD for a typical Balancing Authority in 
an Interconnection with more than one Balancing Authority is basically the change in its Net Actual 
Interchange on its tie lines with its adjacent Balancing Authorities divided by the change in 
Interconnection frequency.  (Some Balancing Authorities may choose to apply corrections to their Net 
Actual Interchange (NAI) values to account for factors such as nonconforming loads.  FRS Form 1 and 2 
shows the types of adjustments that are allowed. Note that with the exception of the Contingent BA 
column, any adjustments made must be made for all events in an evaluation year. As an example, if an 
entity has non‐conforming loads and makes an adjustment for one event, all events must show the non‐
conforming load, even if the non‐conforming load does not impact the calculation. This ensures that the 
reports are not utilizing the adjustments only when they are favorable to the BA.)  The ERO will use a 
standardized sampling interval of approximately 16 seconds before the event up to the time of the 
event for the pre‐event NAI, and frequency (A values) and approximately 20 to 52 seconds after the 
event for the post‐event NAI (B values) in the computation of SEFRD values, dependent on the data scan 
rate of the Balancing Authority’s Energy Management System (EMS).    

All events listed on FRS Form 1 need to be included in the annual submission of FRS Forms 1 and 2.  The 
only time a Balancing Authority should exclude an event is if its tie‐line data or its Frequency data is 
corrupt or its EMS was unavailable.  FRS Form 2 has instructions on how to correct the BA’s data if the 
given event is internal to the BA or if other authorized adjustments are used.   

Assuming data entry is correct FRS Form 1 will automatically calculate the Balancing Authority’s FRM for 
the past 12 months as the median of the SEFRD values.  A Balancing Authority electing to report as an 
FRSG or a provider of Overlap Regulation Service will provide an FRS Form 1 for the aggregate of its 
participants. 

To allow Balancing authorities to plan its operations, events with a “Point C” that cause the 
Interconnection Frequency to be lower than that shown in Table 1 above (for example, an event in the 
Eastern Interconnection that causes the Interconnection Frequency to go to 59.4 Hz) or higher than an 
equal change in frequency going above 60 Hz may be included in the list of events for that 
interconnection.  However, the calculation of the BA response to such an event will be adjusted to show 
a frequency change only to the Target Minimum Frequency shown in Table 1 above (in the previous 
example this adjustment would cause Frequency to be shown as 59.5 Hz rather than 59.4 HZ) or a high 
frequency amount of an equal quantity.  Should such an event happen, the ERO will provide additional 
guidance. 

 

Timeline for Balancing Authority Frequency Response and Frequency Bias Setting 
Activities 

Described below is the timeline for the exchange of information between the ERO and Balancing 
Authorities (BA) to: 

 Facilitate the assignment of BA Frequency Response Obligations (FRO)  

 Calculate BA Frequency Response Measures (FRM) 

 Determine BA Frequency Bias Settings (FBS) 
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Target Date  Activity 

April 30  The ERO reviews candidate frequency events and selects frequency events for the 
first quarter (December to February). 

May 10  Form1 is posted with selected events from the first quarter for BA usage by the 
ERO.   

May 15  The BAs receive a request to provide load and generation data as described in 
Attachment A to support FRO assignments and determining minimum FBS for 
BAs. 

July 15  The BAs provide load and generation data as described in Attachment A to the 
ERO.   

July 30  The ERO reviews candidate frequency events and selects frequency events for the 
second quarter (March to May). 

August 10  Form1 is posted with selected events from the first and second quarters for BA 
usage by the ERO.   

October 30  The ERO reviews candidate frequency events and selects frequency events for the 
third quarter (June to August) 

November 10  Form1 is posted with selected events from the first, second, and third quarters for 
BA usage by the ERO.   

November 20  If necessary, the ERO provides any updates to the necessary Frequency Response.

November 20  The ERO provides the fractional responsibility of each BA for the Interconnection’s 
FRO and Minimum FBS to the BAs.   

January 30  The ERO reviews candidate frequency events and selects frequency events for the 
fourth quarter (September to November). 

2nd business day in 
February 

Form1 is posted with all selected events for the year for BA usage by the ERO.

February 10  The ERO assigns FRO values to the BAs for the upcoming year. 

March 7  BAs complete their frequency response sampling for all four quarters and their 
FBS calculation, returning the results to the ERO.   

March 24  The ERO validates FBS values, computes the sum of all FBS values for each 
Interconnection, and determines L10 values for the CPS 2 criterion for each BA as 
applicable.   

Any time during 
first 3 business 
days of April 
(unless specified 
otherwise by the 
ERO) 

The BA implements any changes to their FBS and L10 value. 
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A. Introduction 

1. Title: Verification and Data Reporting of Generator Real and Reactive Power 
Capability and Synchronous Condenser Reactive Power Capability 

2. Number: MOD-025-2 

3. Purpose: To ensure that accurate information on generator gross and net Real and 
Reactive Power capability and synchronous condenser Reactive Power capability is 
available for planning models used to assess Bulk Electric System (BES) reliability. 

4. Applicability: 

4.1. Functional entities 

4.1.1 Generator Owner 

4.1.2 Transmission Owner that owns synchronous condenser(s) 

4.2. Facilities: 

For the purpose of this standard, the term, “applicable Facility” shall mean any one of 
the following: 

4.2.1 Individual generating unit greater than 20 MVA (gross nameplate rating) 
directly connected to the Bulk Electric System. 

4.2.2 Synchronous condenser greater than 20 MVA (gross nameplate rating) 
directly connected to the Bulk Electric System. 

4.2.3 Generating plant/Facility greater than 75 MVA (gross aggregate 
nameplate rating) directly connected to the Bulk Electric System. 

5. Effective Date:  

5.1. In those jurisdictions where regulatory approval is required1: 

5.1.1 By the first day of the first calendar quarter, two calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 40 percent of 
its applicable Facilities. 

5.1.2 By the first day of the first calendar quarter, three calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 60 percent of 
its applicable Facilities. 

5.1.3 By the first day of the first calendar quarter, four calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 

                                                 
1 Wind Farm Verification - If an entity has two wind sites, and verification of one site is complete, the entity is 50% 
complete regardless of the number of turbines at each site.  A wind site is a group of wind turbines connected at a 
common point of interconnection or utilizing a common aggregate control system. 
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the laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 80 percent of 
its applicable Facilities. 

5.1.4 By the first day of the first calendar quarter, five calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified 100 percent of its 
applicable Facilities. 

5.2. In those jurisdictions where regulatory approval is not required2: 

5.2.1 By the first day of the first calendar quarter, two calendar years following 
Board of Trustees approval, each Generator Owner and Transmission 
Owner shall have verified at least 40 percent of its applicable Facilities. 

5.2.2 By the first day of the first calendar quarter, three calendar years following 
Board of Trustees approval, each Generator Owner and Transmission 
Owner shall have verified at least 60 percent of its applicable Facilities. 

5.2.3 By the first day of the first calendar quarter, four calendar years following 
Board of Trustees approval, each Generator Owner and Transmission 
Owner shall have verified at least 80 percent of its applicable Facilities. 

5.2.4 By the first day of the first calendar quarter, five calendar years following 
Board of Trustees approval, each Generator Owner and Transmission 
Owner shall have verified 100 percent of its applicable Facilities. 

Note: The verification percentage above is based on the number of applicable units owned.

                                                 
2 Wind farm verification - If an entity has two wind sites, and verification of one site is complete, the entity is 50% 
complete regardless of the number of turbines at each site.  A wind site is a group of wind turbines connected at a 
common point of interconnection or utilizing a common aggregate control system. 
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Requirements 

R1. Each Generator Owner shall provide its Transmission Planner with verification of the 
Real Power capability of its applicable Facilities as follows: [Violation Risk Factor: 
Medium] [Time Horizon: Long-term Planning] 

1.1. Verify the Real Power capability of its generating units in accordance with 
Attachment 1. 

1.2. Submit a completed Attachment 2 (or a form containing the same information as 
identified in Attachment 2) to its Transmission Planner within 90 calendar days of 
either (i) the date the data is recorded for a staged test; or (ii) the date the data is 
selected for verification using historical operational data.  

R2. Each Generator Owner shall provide its Transmission Planner with verification of the 
Reactive Power capability of its applicable Facilities as follows: [Violation Risk 
Factor: Medium] [Time Horizon: Long-term Planning] 

2.1. Verify, in accordance with Attachment 1, (i) the Reactive Power capability of its 
generating units and (ii) the Reactive Power capability of its synchronous 
condenser units. 

2.2. Submit a completed Attachment 2 (or a form containing the same information as 
identified in Attachment 2) to its Transmission Planner within 90 calendar days of 
either (i) the date the data is recorded for a staged test; or (ii) the date the data is 
selected for verification using historical operational data.  

R3. Each Transmission Owner shall provide its Transmission Planner with verification of 
the Reactive Power capability of its applicable Facilities as follows: [Violation Risk 
Factor: Medium] [Time Horizon: Long-term Planning] 

3.1. Verify, in accordance with Attachment 1, the Reactive Power capability of its 
synchronous condenser units. 

3.2. Submit a completed Attachment 2 (or a form containing the same information as 
identified in Attachment 2) to its Transmission Planner within 90 calendar days of 
either (i) the date the data is recorded for a staged test; or (ii) the date the data is 
selected for verification using historical operational data. 

B. Measures 

M1. Each Generator Owner will have evidence that it performed the verification, such as a 
completed Attachment 2 or the Generator Owner form with the same information or 
dated information collected and used to complete attachments, and will have evidence 
that it submitted the information within 90 days to its Transmission Planner; such as 
dated electronic mail messages or mail receipts in accordance with Requirement R1. 

M2. Each Generator Owner will have evidence that it performed the verification, such as a 
completed Attachment 2 or the Generator Owner form with the same information, or 
dated information collected and used to complete attachments and will have evidence 
that it submitted the information within 90 days to its Transmission Planner; such as 
dated electronic mail messages or mail receipts in accordance with Requirement R2. 
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M3. Each Transmission Owner will have evidence that it performed the verification, such as 
a completed Attachment 2 or the Transmission Owner form with equivalent 
information or dated information collected and used to complete attachments, and will 
have evidence that it submitted the information within 90 days to its Transmission 
Planner; such as dated electronic mail messages or mail receipts in accordance with 
Requirement R3. 

C. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance enforcement authority 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 following evidence retention periods identify a period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention specified below is shorter than the time since the last 
compliance 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 Generator Owner and Transmission Owner shall each keep the 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 Generator Owner shall retain the latest MOD-025 Attachment 2 and 
the data behind Attachment 2 or Generator Owner form with equivalent 
information and submittal evidence for Requirements R1 and R2, 
Measures M1 and M2 for the time period since the last compliance 
audit. 

 The Transmission Owner shall retain the latest MOD-025 Attachment 2 
and the data behind Attachment 2 or Transmission Owner form with 
equivalent information and submittal evidence for Requirement R3, 
Measure M3 for the time period since the last compliance audit. 

If a Generator Owner or Transmission Owner is found noncompliant, it shall keep 
information related to the noncompliance until mitigation is complete 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. 
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1.3. Compliance Monitoring and Assessment Processes 

Compliance Audit 

Self-Certification 

Spot Checking 

Compliance Investigation 

Self-Reporting 

Complaint 

1.4. Additional Compliance Information 

None
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2. Violation Severity Levels 

R # Lower VSL Moderate VSL High VSL Severe VSL 

R1 The Generator Owner 
verified and recorded the 
Real Power capability of 
its applicable generating 
unit, but submitted the data 
to its Transmission Planner 
more than 90 calendar 
days, but within 120 
calendar days, of the date 
the data is recorded for a 
staged test or the date the 
data is selected for 
verification using historical 
operational data. 

 

OR  

 

The Generator Owner 
verified the Real Power 
capability, per Attachment 
1 and submitted the data 
but was missing 1 to less 
than or equal to 33 percent 
of the data. 

 

The Generator Owner 
verified and recorded the 
Real Power capability of its 
applicable generating unit, 
but submitted the data to its 
Transmission Planner more 
than 120 calendar days, but 
within 150 calendar days, of 
the date the data is recorded 
for a staged test or the date 
the data is selected for 
verification using historical 
operational data. 

 

 

OR  

 

The Generator Owner 
verified the Real Power 
capability, per Attachment 1 
and submitted the data but 
was missing more than 33 to 
66 percent of the data. 

 

The Generator Owner verified 
and recorded the Real Power 
capability of its applicable 
generating unit, but submitted 
the data to its Transmission 
Planner more than 150 
calendar days, but within 180 
calendar days, of the date the 
data is recorded for a staged 
test or the date the data is 
selected for verification using 
historical operational data. 

 

OR  

 

The Generator Owner verified 
the Real Power capability, per 
Attachment 1 and submitted 
the data but was missing from 
67 to 99 percent of the data. 

 

 

OR  

 

The Generator Owner verified and 
recorded the Real Power capability 
of its applicable generating unit, but 
submitted the data to its 
Transmission Planner more than 180 
calendar days of the date the data is 
recorded for a staged test or the date 
the data is selected for verification 
using historical operational data. 

 

OR 

 

The Generator Owner failed to 
verify the Real Power capability, per 
Attachment 1 of an applicable 
generating unit. 

 

  

OR  

 

The Generator Owner performed the 
Real Power verification per 
Attachment 1, “Periodicity for 
conducting a new verification” item 
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OR  

 

The Generator Owner 
performed the Real Power 
verification per Attachment 
1, “Periodicity for 
conducting a new 
verification” item 1 or item 
2 (5 year requirement) but 
did so in more than 66 
calendar months but less 
than or equal to 69 months. 

 

OR  

 

The Generator Owner 
performed the Real Power 
verification per Attachment 
1, “Periodicity for 
conducting a new 
verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 12 calendar 
months but less than or 
equal to 13 calendar 
months. 

OR  

 

The Generator Owner 
performed the Real Power 
verification per Attachment 
1, “Periodicity for 
conducting a new 
verification” item 1 or item 2 
(5 year requirement) but did 
so in more than 69 calendar 
months but less than or equal 
to 72 months. 

 

OR  

 

The Generator Owner 
performed the Real Power 
verification per Attachment 
1, “Periodicity for 
conducting a new 
verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 13 calendar 
months but less than or equal 
to 14 calendar months. 

 

The Generator Owner 
performed the Real Power 
verification per Attachment 1, 
“Periodicity for conducting a 
new verification” item 1 or 
item 2 (5 year requirement) but 
did so in more than 72 
calendar months but less than 
or equal to 75 months. 

 

OR  

 

The Generator Owner 
performed the Real Power 
verification per Attachment 1, 
“Periodicity for conducting a 
new verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 14 calendar months 
but less than or equal to 15 
calendar months. 

 

1 or item 2 (5 year requirement) but 
did so in more than 75 calendar 
months. 

 

OR  

 

The Generator Owner performed the 
Real Power verification per 
Attachment 1, “Periodicity for 
conducting a new verification” item 
1, 2 or 3 (12 calendar month 
requirement) but did so in more than 
15 calendar months. 

 

R2 The Generator Owner 
verified and recorded the 

The Generator Owner 
verified and recorded the 

The Generator Owner verified 
and recorded the Reactive 

The Generator Owner verified and 
recorded the Reactive Power 
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Reactive Power capability 
of its applicable generating 
unit or applicable 
synchronous condenser, 
but submitted the data to its 
Transmission Planner more 
than 90 calendar days, but 
within 120 calendar days, 
of the date the data is 
recorded for a staged test 
or the date the data is 
selected for verification 
using historical operational 
data. 

 

OR  

 

The Generator Owner 
verified the Reactive 
Power capability, per 
Attachment 1 and 
submitted the data but was 
missing 1 to up to and 
including 33 percent of the 
data. 

OR  

 

The Generator Owner 
performed the Reactive 
Power verification per 

Reactive Power capability of 
its applicable generating unit 
or applicable synchronous 
condenser, but submitted the 
data to its Transmission 
Planner more than 120 
calendar days, but within 150 
calendar days, of the date the 
data is recorded for a staged 
test or the date the data is 
selected for verification 
using historical operational 
data. 

 

OR  

 

The Generator Owner 
verified the Reactive Power 
capability, per Attachment 1 
and submitted the data but 
was missing 34 to 66 percent 
of the data. 

OR  

 

The Generator Owner 
performed the Reactive 
Power verification per 
Attachment 1, “Periodicity 
for conducting a new 
verification” item 1 or item 2 

Power capability of its 
applicable generating unit or 
applicable synchronous 
condenser, but submitted the 
data to its Transmission 
Planner more than 150 
calendar days, but within 180 
calendar days, of the date the 
data is recorded for a staged 
test or the date the data is 
selected for verification using 
historical operational data. 

 

OR  

 

The Generator Owner verified 
the Reactive Power capability, 
per Attachment 1 and 
submitted the data but was 
missing 67 to 99 percent of the 
data. 

OR  

 

The Generator Owner 
performed the Reactive Power 
verification per Attachment 1, 
“Periodicity for conducting a 
new verification” item 1 or 
item 2 (5 year requirement) but 
did so in more than 72 

capability of its applicable 
generating unit or applicable 
synchronous condenser, but 
submitted the data to its 
Transmission Planner more than 180 
calendar days of the date the data is 
recorded for a staged test or the date 
the data is selected for verification 
using historical operational data. 

OR 

 

The Generator Owner failed to 
verify the Reactive Power 
capability, per Attachment 1 of an 
applicable generating unit or 
synchronous condenser unit. 

 OR  

 

The Generator Owner performed the 
Reactive Power verification per 
Attachment 1, “Periodicity for 
conducting a new verification” item 
1 or item 2 (5 year requirement) but 
did so in more than 75 calendar 
months. 

 

OR  
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Attachment 1, “Periodicity 
for conducting a new 
verification” item 1 or item 
2 (5 year requirement) but 
did so in more than 66 
calendar months but less 
than or equal to 69 months. 

 

OR  

 

The Generator Owner 
performed the Reactive 
Power verification per 
Attachment 1, “Periodicity 
for conducting a new 
verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 12 calendar 
months but less than or 
equal to 13 calendar 
months. 

 

(5 year requirement) but did 
so in more than 69 calendar 
months but less than or equal 
to 72 months. 

 

OR  

 

The Generator Owner 
performed the Reactive 
Power verification per 
Attachment 1, “Periodicity 
for conducting a new 
verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 13 calendar 
months but less than or equal 
to 14 calendar months. 

 

calendar months but less than 
or equal to 75 months. 

 

OR  

 

The Generator Owner 
performed the Reactive Power 
verification per Attachment 1, 
“Periodicity for conducting a 
new verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 14 calendar months 
but less than or equal to 15 
calendar months. 

 

The Generator Owner performed the 
Reactive Power verification per 
Attachment 1, “Periodicity for 
conducting a new verification” item 
1, 2 or 3 (12 calendar month 
requirement) but did so in more than 
15 calendar months. 

 

R3 The Transmission Owner 
verified and recorded the 
Reactive Power capability 
of its applicable 
synchronous condenser, 
but submitted the data to its 
Transmission Planner more 

The Transmission Owner 
verified and recorded the 
Reactive Power capability of 
its applicable synchronous 
condenser, but submitted the 
data to its Transmission 
Planner more than 120 

The Transmission Owner 
verified and recorded the 
Reactive Power capability of 
an applicable synchronous 
condenser unit, but submitted 
the data to its Transmission 
Planner more than 150 

The Transmission Owner verified 
and recorded the Reactive Power 
capability of its applicable 
synchronous condenser, but 
submitted the data to its 
Transmission Planner more than 180 
calendar days of the date the data is 
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than 90 calendar days, but 
within 120 calendar days, 
of the date the data is 
recorded for a staged test 
or the date the data is 
selected for verification 
using historical operational 
data. 

 

OR  

 

The Transmission Owner 
verified the Reactive 
Power capability, per 
Attachment 1 and 
submitted the data but was 
missing 1 to up to and 
including 33 percent of the 
data. 

OR  

 

The Transmission Owner 
performed the Reactive 
Power verification per 
Attachment 1, “Periodicity 
for conducting a new 
verification” item 1 or item 
2 (5 year requirement) but 
did so in more than 66 
calendar months but less 

calendar days, but within 150 
calendar days, of the date the 
data is recorded for a staged 
test or the date the data is 
selected for verification 
using historical operational 
data. 

 

OR  

 

The Transmission Owner 
verified the Reactive Power 
capability, per Attachment 1 
and submitted the data but 
was missing 34 to 66 percent 
of the data. 

 

OR  

 

The Transmission Owner 
performed the Reactive 
Power verification per 
Attachment 1, “Periodicity 
for conducting a new 
verification” item 1 or item 2 
(5 year requirement) but did 
so in more than 69 calendar 
months but less than or equal 
to 72 months. 

calendar days, but within 180 
calendar days, of the date the 
data is recorded for a staged 
test or the date the data is 
selected for verification using 
historical operational data. 

 

OR  

 

The Transmission Owner 
verified the Reactive Power 
capability, per Attachment 1 
and submitted the data but was 
missing 67 to 99 percent of the 
data. 

 

OR  

 

The Transmission Owner 
performed the Reactive Power 
verification per Attachment 1, 
“Periodicity for conducting a 
new verification” item 1 or 
item 2 (5 year requirement) but 
did so in more than 72 
calendar months but less than 
or equal to 75 months. 

 

recorded for a staged test or the date 
the data is selected for verification 
using historical operational data. 

OR 

The Transmission Owner failed to 
verify the Reactive Power 
capability, per Attachment 1 of an 
applicable synchronous condenser 
unit. 

OR  

 

The Transmission Owner performed 
the verification per Attachment 1, 
“Periodicity for conducting a new 
verification” item 1 or item 2 (5 year 
requirement) but did so in more than 
75 calendar months. 

 

OR  

 

The Transmission Owner performed 
the Reactive Power verification per 
Attachment 1, “Periodicity for 
conducting a new verification” item 
1, 2 or 3 (12 calendar month 
requirement) but did so in more than 
15calendar months. 
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than or equal to 69 months. 

 

OR  

 

The Transmission Owner 
performed the Reactive 
Power verification per 
Attachment 1, “Periodicity 
for conducting a new 
verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 12 calendar 
months but less than or 
equal to 13 calendar 
months. 

 

OR  

 

The Transmission Owner 
performed the Reactive 
Power verification per 
Attachment 1, “Periodicity 
for conducting a new 
verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 13 calendar 
months but less than or equal 
to 14 calendar months. 

 

OR  

 

The Transmission Owner 
performed the Reactive Power 
verification per Attachment 1, 
“Periodicity for conducting a 
new verification” item 1, 2 or 3 
(12 calendar month 
requirement) but did so in 
more than 14 calendar months 
but less than or equal to 15 
calendar months. 
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D. Regional Variances 

None 

E. Associated Documents 

Version History 

Version Date Action Change Tracking 

1 12/1/2005 1. Changed tabs in footer. 

2. Removed comma after 2004 in 
“Development Steps Completed,” #1. 

3. Changed incorrect use of certain 
hyphens (-) to “en dash” (–) and “em 
dash (—).” 

4. Added “periods” to items where 
appropriate. 

5. Changed apostrophes to “smart” 
symbols. 

6. Changed “Timeframe” to “Time 
Frame” in item D, 1.2. 

7. Lower cased all instances of 
“regional” in section D.3. 

8. Removed the word “less” after 94% 
in section 3.4. Level 4. 

01/20/06 

2 February 7, 2013 Adopted by NERC Board of Trustees Revised per SAR for 
Project 2007-09 and 
combined with MOD-
024-1 

2 March 20, 2014 FERC Order issued approving MOD-
025-2. (Order becomes effective on 
7/1/16.) 
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MOD-025 Attachment 1 – Verification of Generator Real and Reactive Power Capability 
and Synchronous Condenser Reactive Power Capability 

 

Periodicity for conducting a new verification: 

The periodicity for performing Real and Reactive Power capability verification is as follows: 

1. For staged verification; verify each applicable Facility at least every five years (with no 
more than 66 calendar months between verifications), or within 12 calendar months of 
the discovery of a change that affects its Real Power or Reactive Power capability by 
more than 10 percent of the last reported verified capability and is expected to last more 
than six months. The first verification for each applicable Facility under this standard 
must be a staged test. 

2. For verification using operational data; verify each applicable Facility at least every five 
years (with no more than 66 calendar months between verifications), or within 12 
calendar months following the discovery that its Real Power or Reactive Power capability 
has changed by more than 10 percent of the last reported verified capability and is 
expected to last more than six months.  If data for different points is recorded on different 
days, designate the earliest of those dates as the verification date, and report that date as 
the verification date on MOD-025, Attachment 2 for periodicity purposes. 

3. For either verification method, verify each new applicable Facility within 12 calendar 
months of its commercial operation date.  Existing units that have been in long term shut 
down and have not been tested for more than five years shall be verified within 12 
calendar months.  

 

It is intended that Real Power testing be performed at the same time as full load Reactive Power 
testing, however separate testing is allowed for this standard.  For synchronous condensers, 
perform only the Reactive Power capability verifications as specified below.   

If the Reactive Power capability is verified through test, it is to be scheduled at a time 
advantageous for the unit being verified to demonstrate its Reactive Power capabilities while the 
Transmission Operator takes measures to maintain the plant's system bus voltage at the 
scheduled value or within acceptable tolerance of the scheduled value. 

 

Verification specifications for applicable Facilities: 

 

1. For generating units of 20 MVA or less that are part of a plant greater than 75 MVA in 
aggregate, record data either on an individual unit basis or as a group.  Perform 
verification individually for every generating unit or synchronous condenser greater 
than 20 MVA (gross nameplate rating). 

2. Verify with all auxiliary equipment needed for expected normal operation in service for 
both the Real Power and Reactive Power capability verification.  Perform verification 
with the automatic voltage regulator in service for the Reactive Power capability 
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verification.  Operational data from within the two years prior to the verification date is 
acceptable for the verification of either the Real Power or the Reactive Power 
capability, as long as a) that operational data meets the criteria in 2.1 through 2.4 below 
and b) the operational data demonstrates at least 90 percent of a previously staged test 
that demonstrated at least 50 percent of the Reactive capability shown on the associated 
thermal capability curve (D-curve).  If the previously staged test was unduly restricted 
(so that it did not demonstrate at least 50 percent of the associated thermal capability 
curve) by unusual generation or equipment limitations (e.g., capacitor or reactor banks 
out of service), then the next verification will be by another staged test, not operational 
data:  

2.1. Verify Real Power capability and Reactive Power capability over-excited 
(lagging) of all applicable Facilities at the applicable Facilities’ normal (not 
emergency) expected maximum Real Power output at the time of the 
verifications. 

2.1.1 Verify synchronous generating unit’s maximum real power and lagging 
reactive power for a minimum of one hour.  

2.1.2 Verify variable generating units, such as wind, solar, and run of river 
hydro, at the maximum Real Power output the variable resource can 
provide at the time of the verification.  Perform verification of Reactive 
Power capability of wind turbines and photovoltaic inverters with at least 
90 percent of the wind turbines or photovoltaic inverters at a site on-line.  
If verification of wind turbines or photovoltaic inverter Facility cannot be 
accomplished meeting the 90 percent threshold, document the reasons the 
threshold was not met and test to the full capability at the time of the test.  
Reschedule the test of the facility within six months of being able to reach 
the 90 percent threshold.  Maintain, as steady as practical, Real and 
Reactive Power output during verifications.  

2.2. Verify Reactive Power capability of all applicable Facilities, other than wind and 
photovoltaic, for maximum overexcited (lagging) and under-excited (leading) 
reactive capability for the following conditions: 

2.2.1 At the minimum Real Power output at which they are normally expected 
to operate collect maximum leading and lagging reactive values as soon as 
a limit is reached.  

2.2.2 At maximum Real Power output collect maximum leading reactive values 
as soon as a limit is reached. 

2.2.3 Nuclear Units are not required to perform Reactive Power verification at 
minimum Real Power output. 

2.3. For hydrogen-cooled generators, perform the verification at normal operating 
hydrogen pressure. 

2.4. Calculate the Generator Step-Up (GSU) transformer losses if the verification 
measurements are taken from the high side of the GSU transformer.  GSU 
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transformer real and reactive losses may be estimated, based on the GSU 
impedance, if necessary. 

3. Record the following data for the verifications specified above: 

3.1. The value of the gross Real and Reactive Power generating capabilities at the end 
of the verification period. 

3.2. The voltage schedule provided by the Transmission Operator, if applicable. 

3.3. The voltage at the high and low side of the GSU and/or system interconnection 
transformer(s) at the end of the verification period.  If only one of these values is 
metered, the other may be calculated. 

3.4. The ambient conditions, if applicable, at the end of the verification period that the 
Generator Owner requires to perform corrections to Real Power for different 
ambient conditions such as: 

 Ambient air temperature 

 Relative humidity 

 Cooling water temperature 

 Other data as determined to be applicable by the Generator Owner to perform 
corrections for ambient conditions. 

3.5. The date and time of the verification period, including start and end time in hours 
and minutes. 

3.6. The existing GSU and/or system interconnection transformer(s) voltage ratio and 
tap setting. 

3.7. The GSU transformer losses (real or reactive) if the verification measurements 
were taken from the high side of the GSU transformer. 

3.8. Whether the test data is a result of a staged test or if it is operational data. 

4. Develop a simplified key one-line diagram (refer to MOD-025, Attachment 2) showing 
sources of auxiliary Real and Reactive Power and associated system connections for 
each unit verified.  Include GSU and/or system Interconnection and auxiliary 
transformers.  Show Reactive Power flows, with directional arrows.  

4.1. If metering does not exist to measure specific Reactive auxiliary load(s), provide 
an engineering estimate and associated calculations.  Transformer Real and 
Reactive Power losses will also be estimates or calculations.  Only output data are 
required when using a computer program to calculate losses or loads.    

5. If an adjustment is requested by the Transmission Planner, then develop the 
relationships between test conditions and generator output so that the amount of Real 
Power that can be expected to be delivered from a generator can be determined at 
different conditions, such as peak summer conditions.  Adjust MW values tested to the 
ambient conditions specified by the Transmission Planner upon request and submit 
them to the Transmission Planner within 90 days of the request or the date the data was 
recorded/selected whichever is later. 
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Note 1: Under some transmission system conditions, the data points obtained by the Mvar 
verification required by the standard will not duplicate the manufacturer supplied 
thermal capability curve (D-curve).  However, the verification required by the 
standard, even when conducted under these transmission system conditions, may 
uncover applicable Facility limitations; such as rotor thermal instability, improper tap 
settings or voltage ratios, inaccurate AVR operation, etc., which could be further 
analyzed for resolution.  The Mvar limit level(s) achieved during a staged test or from 
operational data may not be representative of the unit’s reactive capability for 
extreme system conditions.  See Note 2.   

Note 2: While not required by the standard, it is desirable to perform engineering analyses to 
determine expected applicable Facility capabilities under less restrictive system 
voltages than those encountered during the verification.  Even though this analysis 
will not verify the complete thermal capability curve (D-curve), it provides a 
reasonable estimate of applicable Facility capability that the Transmission Planner 
can use for modeling.  

Note 3: The Reactive Power verification is intended to define the limits of the unit’s Reactive 
Power capabilities.  If a unit has no leading capability, then it should be reported with 
no leading capability; or the minimum lagging capability at which it can operate. 

Note 4: Synchronous Condensers only need to be tested at two points (one over-excited point 
and one under-excited point) since they have no Real Power output.   
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MOD-025 Attachment 2 

One-line Diagram, Table, and Summary for Verification Information Reporting 

Note: If the configuration of the applicable Facility does not lend itself to the use of the diagram, 
tables, or summaries for reporting the required information, changes may be made to this form, 
provided that all required information (identified in MOD-025, Attachment 1) is reported.  

Company: Reported By (name): 

Plant: Unit No.: Date of Report: 

 

Check all that apply: 

 

  Over-excited Full Load Reactive Power Verification 

  Under-excited Full Load Reactive Power Verification 

  Over-excited Minimum Load Reactive Power Verification 

  Under-excited Minimum Load Reactive Power Verification 

  Real Power Verification 

  Staged Test Data 

  Operational Data 

 

 

 

Simplified one-line diagram showing plant auxiliary Load connections and verification data: 

 

 

Aux bus 

B

Generator Step Up 

Point of 
interconnection 

D

E

Other point(s) of 
interconnection 

Auxiliary or 
Station Service 
Transformer(s) 

 

C 

* Positive numbers indicate power 

flow in direction of arrow; negative 

numbers indicate power flow in 

opposite direction of arrow. 

Aux bus 

Auxiliary or 
Station Service 
Transformer(s) Generator(s)

A 

Unit Auxiliary 
Transformer(s)

*
*

* * 

* 

F * 
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Point Voltage Real Power Reactive Power Comment 

A kV MW Mvar 

Sum multiple generators that are verified together 
or are part of the same unit. Report individual unit 
values separately whenever the verification 
measurements were taken at the individual unit.  
Individual values are required for units or 
synchronous condensers > 20 MVA. 

Identify calculated values, if any: 

B kV MW Mvar Sum multiple unit auxiliary transformers. 

Identify calculated values, if any: 

C kV MW Mvar Sum multiple tertiary Loads, if any. 

Identify calculated values,  if any: 

D kV MW Mvar 
Sum multiple auxiliary and station service 
transformers. 

Identify calculated values, if any: 

E kV MW Mvar 
If multiple points of Interconnection, describe 
these for accurate modeling; report points 
individually (sum multiple auxiliary transformers). 

F kV MW Mvar Net unit capability 

Identify calculated values, if any: 
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MOD-025 -Attachment 2 (continued) 
Verification Data 

Provide data by unit or Facility, as appropriate 

Data Type  Data Recorded  Last Verification

(Previous Data; 
will be blank for 

the initial 
verification) 

Gross Reactive Power Capability (*Mvar)     

Aux Reactive Power (*Mvar)      

Net Reactive Power Capability (*Mvar) equals Gross 
Reactive Power Capability (*Mvar) minus Aux 
Reactive Power connected at the same bus (*Mvar) 
minus tertiary Reactive Power connected at the same 
bus(*Mvar) 

    

Gross Real Power Capability (*MW)      

Aux Real Power (*MW)     

Net Real Power Capability (*MW) equals Gross Real 
Power Capability (*MW) minus Aux Real Power 
connected at the same bus (*MW) minus tertiary Real 
Power connected at the same bus(*MW) 

    

* Note: Enter values at the end of the verification period. 

GSU losses (only required if verification measurements 
are taken on the high side of the GSU - Mvar)  

    

Summary of Verification 

 Date of Verification _________,Verification Start Time _____, Verification End Time ______ 

 Scheduled Voltage ______________ 

 Transformer  Voltage Ratio: GSU ______, Unit Aux _____, Station Aux _____, Other Aux 

_____ 

 Transformer Tap Setting: GSU ______, Unit Aux _____, Station Aux _____, Other Aux _____  

 Ambient conditions at the end of the verification period:   

Air temperature: _________  

Humidity: _________ 

Cooling water temperature: _________  

Other data as applicable: _________ 
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 Generator hydrogen pressure at time of test (if applicable)  _____________ 

Date that data shown in last verification column in table above was taken  _____________ 

 

Remarks : 

 

 

Note: If the verification value did not reach the thermal capability curve (D-curve), describe the reason.  



Standard MOD-026-1 — Verification of Models and Data for Generator Excitation Control 
System or Plant Volt/Var Control Functions 

A. Introduction 

1. Title: Verification of Models and Data for Generator Excitation Control System 
or Plant Volt/Var Control Functions 

2. Number: MOD-026-1 

3. Purpose: To verify that the generator excitation control system or plant volt/var 
control function1 model (including the power system stabilizer model and the 
impedance compensator model) and the model parameters used in dynamic simulations 
accurately represent the generator excitation control system or plant volt/var control 
function behavior when assessing Bulk Electric System (BES) reliability. 

4. Applicability: 

4.1. Functional Entities: 

4.1.1 Generator Owner  

4.1.2 Transmission Planner 

4.2. Facilities: 

For the purpose of the requirements contained herein, Facilities that are directly 
connected to the Bulk Electric System (BES) will be collectively referred as an 
“applicable unit” that meet the following: 

4.2.1 Generation in the Eastern or Quebec Interconnections with the following 
characteristics:  

4.2.1.1 Individual generating unit greater than 100 MVA (gross nameplate 
rating). 

4.2.1.2 Individual generating plant consisting of multiple generating units 
that are directly connected at a common BES bus with total 
generation greater than 100 MVA (gross aggregate nameplate 
rating). 

4.2.2 Generation in the Western Interconnection with the following 
characteristics: 

4.2.2.1 Individual generating unit greater than 75 MVA (gross nameplate 
rating). 

4.2.2.2 Individual generating plant consisting of multiple generating units 
that are directly connected at a common BES bus with total 
generation greater than 75 MVA (gross aggregate nameplate 
rating). 

1 Excitation control system or plant volt/var control function:   

a. For individual synchronous machines, the generator excitation control system includes the generator, 
exciter, voltage regulator, impedance compensation and power system stabilizer.   

b. For an aggregate generating plant, the volt/var control system includes the voltage regulator & reactive 
power control system controlling and coordinating plant voltage and associated reactive capable resources. 
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4.2.3 Generation in the ERCOT Interconnection with the following 
characteristics: 

4.2.3.1 Individual generating unit greater than 50 MVA (gross nameplate 
rating). 

4.2.3.2 Individual generating plant consisting of multiple generating units 
that are directly connected at a common BES bus with total 
generation greater than 75 MVA (gross aggregate nameplate 
rating). 

4.2.4 For all Interconnections: 

• A technically justified2 unit that meets NERC registry criteria but is 
not otherwise included in the above Applicability sections 4.2.1, 4.2.2, 
or 4.2.3 and is requested by the Transmission Planner. 

5. Effective Date:  

5.1. For Requirements R1, and R3 through R6, the first day of the first calendar 
quarter beyond the date that this standard is approved by applicable regulatory 
authorities or as otherwise made effective pursuant to the laws applicable to such 
ERO governmental authorities.  In those jurisdictions where regulatory approval 
is not required, the standard shall become effective on the first day of the first 
calendar quarter 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. 

5.2. For Requirement R2, 30 percent of the entity’s applicable unit gross MVA for 
each Interconnection on the first day of the first calendar quarter that is four years 
following applicable regulatory approval or as otherwise made effective pursuant 
to the laws applicable to such ERO governmental authorities, or in those 
jurisdictions where no regulatory approval is required, on the first day of the first 
calendar quarter that is four years following NERC Board of Trustees adoption or 
as otherwise made effective pursuant to the laws applicable to such ERO 
governmental authorities. 

5.3. For Requirement R2, 50 percent of the entity’s applicable unit gross MVA for 
each Interconnection on first day of the first calendar quarter that is six years 
following applicable regulatory approval or as otherwise made effective pursuant 
to the laws applicable to such ERO governmental authorities, or in those 
jurisdictions where no regulatory approval is required, on the first day of the first 
calendar quarter that is six years following NERC Board of Trustees adoption or 
as otherwise made effective pursuant to the laws applicable to such ERO 
governmental authorities. 

5.4. For Requirement R2, 100 percent of the entity’s applicable unit gross MVA for 
each Interconnection on the first day of the first calendar quarter that is 10 years 

2  Technical justification is achieved by the Transmission Planner demonstrating that the simulated unit or plant 
response does not match the measured unit or plant response. 
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following applicable regulatory approval or as otherwise made effective pursuant 
to the laws applicable to such ERO governmental authorities, or in those 
jurisdictions where no regulatory approval is required, on the first day of the first 
calendar quarter that is 10 years following NERC Board of Trustees adoption or 
as otherwise made effective pursuant to the laws applicable to such ERO 
governmental authorities. 

 

B. Requirements 

R1. Each Transmission Planner shall provide the following requested information to the 
Generator Owner within 90 calendar days of receiving a written request :  [Violation 
Risk Factor:  Lower] [Time Horizon:  Operations Planning] 

• Instructions on how to obtain the list of excitation control system or plant volt/var 
control function models that are acceptable to the Transmission Planner for use in 
dynamic simulation, 

• Instructions on how to obtain the dynamic excitation control system or plant 
volt/var control function model library block diagrams and/or data sheets for 
models that are acceptable to the Transmission Planner, or 

• Model data for any of the Generator Owner’s existing applicable unit specific 
excitation control system or plant volt/var control function contained in the 
Transmission Planner’s dynamic database from the current (in-use) models, 
including generator MVA base. 

R2. Each Generator Owner shall provide for each applicable unit, a verified generator 
excitation control system or plant volt/var control function model, including 
documentation and data (as specified in Part 2.1) to its Transmission Planner in 
accordance with the periodicity specified in MOD-026 Attachment 1.  [Violation Risk 
Factor:  Medium] [Time Horizon:  Long-term Planning] 

2.1. Each applicable unit’s model shall be verified by the Generator Owner using one 
or more models acceptable to the Transmission Planner.  Verification for 
individual units less than 20 MVA (gross nameplate rating) in a generating plant 
(per Section 4.2.1.2, 4.2.2.2, or 4.2.3.2) may be performed using either individual 
unit or aggregate unit model(s), or both.  Each verification shall include the 
following: 

2.1.1. Documentation demonstrating the applicable unit’s model response 
matches the recorded response for a voltage excursion from either a staged 
test or a measured system disturbance, 

2.1.2. Manufacturer, model number (if available), and type of the excitation 
control system including, but not limited to static, AC brushless, DC 
rotating, and/or the plant volt/var control function (if installed), 

2.1.3. Model structure and data including, but not limited to reactance, time 
constants, saturation factors, total rotational inertia, or equivalent data for 
the generator, 
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2.1.4. Model structure and data for the excitation control system, including the 
closed loop voltage regulator if a closed loop voltage regulator is installed 
or the model structure and data for the plant volt/var control function 
system, 

2.1.5. Compensation settings (such as droop, line drop, differential 
compensation), if used, and 

2.1.6. Model structure and data for power system stabilizer, if so equipped. 

 

R3. Each Generator Owner shall provide a written response to its Transmission Planner 
within 90 calendar days of receiving one of the following items for an applicable unit: 

• Written notification from its Transmission Planner (in accordance with 
Requirement R6) that the excitation control system or plant volt/var control 
function model is not usable, 

• Written comments from its Transmission Planner identifying technical 
concerns with the verification documentation related to the excitation control 
system or plant volt/var control function model, or 

• Written comments and supporting evidence from its Transmission Planner 
indicating that the simulated excitation control system or plant volt/var control 
function model response did not match the recorded response to a 
transmission system event. 

The written response shall contain either the technical basis for maintaining the current 
model, the model changes, or a plan to perform model verification3 (in accordance with 
Requirement R2).  [Violation Risk Factor:  Lower] [Time Horizon:  Operations 
Planning] 

R4. Each Generator Owner shall provide revised model data or plans to perform model 
verification4 (in accordance with Requirement R2) for an applicable unit to its 
Transmission Planner within 180 calendar days of making changes to the excitation 
control system or plant volt/var control function that alter the equipment response 
characteristic.5  [Violation Risk Factor:  Lower] [Time Horizon:  Operations Planning] 

3  If verification is performed, the 10-year period as outlined in MOD-026 Attachment 1 is reset. 

4 Ibid 
5 Exciter, voltage regulator, plant volt/var or power system stabilizer control replacement including software alterations that alter 
excitation control system equipment response, plant digital control system addition or replacement, plant digital control system 
software alterations that alter excitation control system equipment response, plant volt/var function equipment addition or 
replacement (such as static var systems, capacitor banks, individual unit excitation systems, etc), a change in the voltage control 
mode (such as going from power factor control to automatic voltage control, etc), exciter, voltage regulator, impedance 
compensator, or power system stabilizer settings change. Automatic changes in settings that occur due to changes in operating 
mode do not apply to Requirement R4. 
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R5. Each Generator Owner shall provide a written response to its Transmission Planner, 
within 90 calendar days following receipt of a technically justified6 unit request from 
the Transmission Planner to perform a model review of a unit or plant that includes one 
of the following:  [Violation Risk Factor:  Lower] [Time Horizon:  Operations 
Planning] 

• Details of plans to verify the model (in accordance with Requirement R2), or 

• Corrected model data including the source of revised model data such as 
discovery of manufacturer test values to replace generic model data or 
updating of data parameters based on an on-site review of the equipment. 

R6. Each Transmission Planner shall provide a written response to the Generator Owner 
within 90 calendar days of receiving the verified excitation control system or plant 
volt/var control function model information in accordance with Requirement R2 that 
the model is usable (meets the criteria specified in Parts 6.1 through 6.3) or is not 
usable.   
6.1. The excitation control system or plant volt/var control function model initializes 

to compute modeling data without error, 

6.2. A no-disturbance simulation results in negligible transients, and 

6.3. For an otherwise stable simulation, a disturbance simulation results in the 
excitation control and plant volt/var control function model exhibiting positive 
damping. 

If the model is not usable, the Transmission Planner shall provide a technical 
description of why the model is not usable.  [Violation Risk Factor:  Medium] [Time 
Horizon:  Operations Planning] 

C. Measures 

M1. The Transmission Planner must have and provide the dated request for instructions or 
data, the transmitted instructions or data, and dated evidence of a written transmittal 
(e.g., electronic mail message, postal receipt, or confirmation of facsimile) as evidence 
that it provided the request within 90 calendar days in accordance with Requirement 
R1. 

M2. The Generator Owner must have and provide dated evidence it verified each generator 
excitation control system or plant volt/var control function model according to Part 2.1 
for each applicable unit and a dated transmittal (e.g., electronic mail message, postal 
receipt, or confirmation of facsimile) as evidence it provided the model, 
documentation, and data to its Transmission Planner, in accordance with Requirement 
R2. 

M3. Evidence for Requirement R3 must include the Generator Owner’s dated written 
response containing the information identified in Requirement R3 and dated evidence 

6 Technical justification is achieved by the Transmission Planner demonstrating that the simulated unit or plant 
response does not match the measured unit or plant response. 
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of transmittal (e.g., electronic mail message, postal receipt, or confirmation of 
facsimile) of the response. 

M4. Evidence for Requirement R4 must include, for each of the Generator Owner’s 
applicable units for which system changes specified in Requirement R4 were made, a 
dated revised model data or plans to perform a model verification and dated evidence 
(e.g., electronic mail message, postal receipt, or confirmation of facsimile) it provided 
the revised model and data or plans within 180 calendar days of making changes. 

M5. Evidence for Requirement R5 must include the Generator Owner’s dated written 
response containing the information identified in Requirement R5 and dated evidence 
(e.g., electronic mail message, postal receipt, or confirmation of facsimile) it provided 
a written response within 90 calendar days following receipt of a technically justified 
request. 

M6. Evidence of Requirement R6 must include, for each model received, the dated response 
indicating the model was usable or not usable according to the criteria specified in 
Parts 6.1 through 6.3 and for a model that is not usable, a technical description; and 
dated evidence of transmittal (e.g., electronic mail message, postal receipt, or 
confirmation of facsimile) that the Generator Owner was notified within 90 calendar 
days of receipt of model information. 

D. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

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

• The Transmission Planner shall retain the information/data request and 
provided response evidence of Requirements R1 and R6, Measures M1 and 
M6 for three calendar years from the date the document was provided. 
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• The Generator Owner shall retain the latest excitation control system or plant 
volt/var control function model verification evidence of Requirement R2, 
Measure M2. 

• The Generator Owner shall retain the information/data request and provided 
response evidence of Requirements R3 through R5, and Measures M3 through 
M5 for three calendar years from the date the document was provided. 

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

Self-Certification 

Spot Checking 

Compliance Investigation 

Self-Reporting 

Complaints 

1.4. Additional Compliance Information 

None 
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2. Violation Severity Levels 

R # Lower VSL Moderate VSL High VSL Severe VSL 

R1 The Transmission Planner provided 
the instructions and data to the 
Generator Owner more than 90 
calendar days but less than or equal 
to 120 calendar days of receiving a 
written request. 

The Transmission Planner provided 
the instructions and data to the 
Generator Owner more than 120 
calendar days but less than or equal 
to 150 calendar days of receiving a 
written request. 

The Transmission Planner provided 
the instructions and data to the 
Generator Owner more than 150 
calendar days but less than or equal 
to 180 calendar days of receiving a 
written request. 

The Transmission Planner failed to 
provide the instructions and data to 
the Generator Owner within 180 
calendar days of receiving a written 
request. 

R2 The Generator Owner provided its 
verified model(s), including 
documentation and data to its 
Transmission Planner after the 
timeframe specified in MOD-026 
Attachment 1 but less than or equal 
to 90 calendar days late; 

OR 

The Generator Owner provided the 
Transmission Planner verified 
models that omitted one of the six 
Parts identified in Requirement R2, 
Parts 2.1.1 through 2.1.6. 

The Generator Owner provided its 
verified model(s), including 
documentation and data to its 
Transmission Planner more than 90 
calendar days but less than or equal 
to 180 calendar days late as specified 
by the periodicity timeframe in 
MOD-026 Attachment 1. 

OR 

The Generator Owner provided the 
Transmission Planner verified 
models that omitted two of the six 
Parts identified in Requirement R2, 
Parts 2.1.1 through 2.1.6. 

The Generator Owner provided its 
verified model(s), including 
documentation and data to its 
Transmission Planner more than 180 
calendar days but less than or equal 
to 270 calendar days late as specified 
by the periodicity timeframe in 
MOD-026 Attachment 1. 

OR 

The Generator Owner provided the 
Transmission Planner verified 
models that omitted three of the six 
Parts identified in Requirement R2, 
Parts 2.1.1 through 2.1.6. 

The Generator Owner provided its 
verified model(s), including 
documentation and data more than 
270 calendar days late to its 
Transmission Planner in accordance 
with the periodicity specified in 
MOD-026 Attachment 1. 

OR 

The Generator Owner failed to use 
model(s) acceptable to the 
Transmission Planner as specified in 
Requirement R2, Part 2.1. 

OR 

The Generator Owner provided the 
Transmission Planner verified 
model(s) but omitted four or more of 
the six parts identified in 
Requirement R2, Subparts 2.1.1 
through 2.1.6. 
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R # Lower VSL Moderate VSL High VSL Severe VSL 

R3 The Generator Owner provided a 
written response more than 90 
calendar days but less than or equal 
to 120 calendar days of receiving 
written notice. 

The Generator Owner provided a 
written response more than 120 
calendar days but less than or equal 
to 150 calendar days of receiving 
written notice. 

The Generator Owner provided a 
written response more than 150 
calendar days but less than or equal 
to 180 calendar days of receiving 
written notice. 

The Generator Owner failed to 
provide a written response within 
180 calendar days of receiving 
written notice. 

OR 

The Generator Owner's written 
response failed to contain either the 
technical basis for maintaining the 
current model, or a list of future 
model changes, or a plan to perform 
another model verification. 

R4 The Generator Owner provided 
revised model data or plans to 
perform model verification more 
than 180 calendar days but less than 
or equal to 210 calendar days of 
making changes to the excitation 
control system or plant volt/var 
control function that altered the 
equipment response characteristic. 

The Generator Owner provided 
revised model data or plans to 
perform model verification more 
than 210 calendar days but less than 
or equal to 240 calendar days of 
making changes to the excitation 
control system or plant volt/var 
control function that altered the 
equipment response characteristic. 

The Generator Owner provided 
revised model data or plans to 
perform model verification more 
than 240 calendar days but less than 
or equal to 270 calendar days of 
making changes to the excitation 
control system or plant volt/var 
control function that altered the 
equipment response characteristic. 

The Generator Owner failed to 
provide revised model data or failed 
to provide plans to perform model 
verification within 270 calendar days 
of making changes to the excitation 
control system or plant volt/var 
control function that altered the 
equipment response characteristic. 

R5 The Generator Owner provided a 
written response more than 90 
calendar days but less than or equal 
to 120 calendar days to the 
Transmission Planner following 
receipt of a technically justified 
request to perform a model review of 
an applicable unit. 

The Generator Owner provided a 
written response more than 120 
calendar days but less than or equal 
to 150 calendar days to the 
Transmission Planner following 
receipt of a technically justified 
request to perform a model review of 
an applicable unit. 

The Generator Owner provided a 
written response more than 150 
calendar days but less than or equal 
to 180 calendar days to the 
Transmission Planner following 
receipt of a technically justified 
request to perform a model review of 
an applicable unit. 

 

 

The Generator Owner failed to 
provide a written response to the 
Transmission Planner within 180 
calendar days following receipt of a 
technically justified request to 
perform a model review of an 
applicable unit. 

OR 

The Generator Owner’s written 
response failed to include one of the 
sub bullets of Requirement R5. 
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R # Lower VSL Moderate VSL High VSL Severe VSL 

R6 The Transmission Planner provided 
a written response to the Generator 
Owner indicating whether the model 
is usable or not usable; including a 
technical description if the model is 
not usable, more than 90 calendar 
days but less than or equal to 120 
calendar days of receiving verified 
model information. 

The Transmission Planner provided 
a written response to the Generator 
Owner indicating whether the model 
is usable or not usable; including a 
technical description if the model is 
not usable, more than 120 calendar 
days but less than or equal to 150 
calendar days of receiving the 
verified model information. 

OR 

The Transmission Planner’s written 
response omitted confirmation for 
one of the specified model criteria 
listed in Requirement R6, Parts 6.1 
through 6.3. 

The Transmission Planner provided 
a written response to the Generator 
Owner indicating whether the model 
is usable or not usable; including a 
technical description if the model is 
not usable, more than 150 calendar 
days but less than or equal to 180 
calendar days of receiving the 
verified model information. 

OR 

The Transmission Planner’s written 
response omitted confirmation for 
two of the specified model criteria 
listed in Requirement R6, Parts 6.1 
through 6.3. 

The Transmission Planner failed to 
provide a written response to the 
Generator Owner within 180 
calendar days of receiving the 
verified model information. 

OR 

The Transmission Planner’s written 
response omitted confirmation for all 
specified model criteria listed in 
Requirement R6, Parts 6.1 through 
6.3. 
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E. Regional Variances 

None. 

F. Associated Documents 

None. 

Version History 

Version Date Action Change Tracking 

1 February 7, 2013 Adopted by NERC Board of 
Trustees 

New 

1 March 20, 2014 FERC Order issued approving 
MOD-026-1. (Order becomes 
effective for R1, R3, R4, R5, and 
R6 on 7/1/14. R2 becomes 
effective on 7/1/18.) 
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MOD-026 Attachment 1 
Excitation Control System or Plant Volt/Var Function Model Verification Periodicity 

Row Number Verification Condition Required Action 

1 Establishing the initial verification date for an applicable 
unit. 

(Requirement R2) 

Transmit the verified model, documentation and data to the Transmission 
Planner on or before the Effective Date. 

Row 4 applies when calculating generation fleet compliance during the 10-
year implementation period. 

See Section A5 for Effective Dates. 

2 Subsequent verification for an applicable unit. 

(Requirement R2) 

Transmit the verified model, documentation and data to the Transmission 
Planner on or before the 10-year anniversary of the last transmittal (per Note 
1). 

3  Initial verification for a new applicable unit or for an 
existing applicable unit with new excitation control system 
or plant volt/var control function equipment installed. 

(Requirement R2) 

Transmit the verified model, documentation and data to the Transmission 
Planner within 365 calendar days after the commissioning date. 
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MOD-026 Attachment 1 
Excitation Control System or Plant Volt/Var Function Model Verification Periodicity 

Row Number Verification Condition Required Action 

4 Existing applicable unit that is equivalent to another unit(s) 
at the same physical location. 

AND 

Each applicable unit has the same MVA nameplate rating. 

AND 

The nameplate rating is ≤ 350 MVA. 

AND 

Each applicable unit has the same components and settings. 

AND 

The model for one of these equivalent applicable units has 
been verified. 

(Requirement R2) 

Document circumstance with a written statement and include with the 
verified model, documentation and data provided to the Transmission 
Planner for the verified equivalent unit. 

Verify a different equivalent unit during each 10-year verification period. 

Applies to Row 1 when calculating generation fleet compliance during the 
10-year implementation period. 

5 The Generator Owner has submitted a verification plan. 

(Requirement R3, R4 or R5) 

Transmit the verified model, documentation and data to the Transmission 
Planner within 365 calendar days after the submittal of the verification plan. 
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MOD-026 Attachment 1 
Excitation Control System or Plant Volt/Var Function Model Verification Periodicity 

Row Number Verification Condition Required Action 

6 New or existing applicable unit does not include an active 
closed loop voltage or reactive power control function. 

(Requirement R2) 

Requirement 2 is met with a written statement to that effect transmitted to 
the Transmission Planner. 

Perform verification per the periodicity specified in Row 3 for a “New 
Generating Unit” (or new equipment) only if active closed loop function is 
established. 

See Footnote 1 (see Section A.3) for clarification of what constitutes an 
active closed loop function for both conventional synchronous machines 
(reference Footnote 1a) and aggregate generating plants (reference Footnote 
1b). 

7 Existing applicable unit has a current average net capacity 
factor over the most recent three calendar years, beginning 
on January 1 and ending on December 31 of 5% or less. 

(Requirement R2) 

 

Requirement 2 is met with a written statement to that effect transmitted to 
the Transmission Planner. 

At the end of this 10-year timeframe, the current average three year net 
capacity factor (for years 8, 9, and 10) can be examined to determine if the 
capacity factor exemption can be declared for the next 10-year period.  If not 
eligible for the capacity factor exemption, then model verification must be 
completed within 365 calendar days of the date the capacity factor 
exemption expired. 

For the definition of net capacity factor, refer to Appendix F of the GADS 
Data Reporting Instructions on the NERC website. 
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MOD-026 Attachment 1 
Excitation Control System or Plant Volt/Var Function Model Verification Periodicity 

Row Number Verification Condition Required Action 

NOTES: 

NOTE 1:  Establishing the recurring 10-year unit verification period start date: 

The start date is the actual date of submittal of a verified model to the Transmission Planner for the most recently performed unit verification. 

NOTE 2:  Consideration for early compliance: 

Existing generator excitation control system or plant volt/var control function model verification is sufficient for demonstrating compliance for a 10-year period 
from the actual transmittal date if either of the following applies: 

• The Generator Owner has a verified model that is compliant with the applicable regional policies, guidelines or criteria existing at the time of model 
verification. 

• The Generator Owner has an existing verified model that is compliant with the requirements of this standard. 
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A. Introduction 

1. Title: Verification of Models and Data for Turbine/Governor and Load Control 
or Active Power/Frequency Control Functions 

2. Number: MOD-027-1 

3. Purpose: To verify that the turbine/governor and load control or active 
power/frequency control1 model and the model parameters, used in dynamic 
simulations that assess Bulk Electric System (BES) reliability, accurately represent 
generator unit real power response to system frequency variations. 

4. Applicability: 

4.1. Functional entities 

4.1.1 Generator Owner 

4.1.2 Transmission Planner 

4.2. Facilities 

For the purpose of the requirements contained herein, Facilities that are directly 
connected to the Bulk Electric System (BES) will be collectively referred to as an 
“applicable unit” that meet the following: 

4.2.1 Generation in the Eastern or Quebec Interconnections with the following 
characteristics: 

4.2.1.1 Individual generating unit greater than 100 MVA (gross nameplate 
rating). 

4.2.1.2 Individual generating plant consisting of multiple generating units 
that are directly connected at a common BES bus with total 
generation greater than 100 MVA (gross aggregate nameplate 
rating). 

4.2.2 Generation in the Western Interconnection with the following 
characteristics: 

4.2.2.1 Individual generating unit greater than 75 MVA (gross nameplate 
rating). 

4.2.2.2 Individual generating plant consisting of multiple generating units 
that are directly connected at a common BES bus with total 
generation greater than 75 MVA (gross aggregate nameplate 
rating). 

4.2.3 Generation in the ERCOT Interconnection with the following 
characteristics: 

1 Turbine/governor and load control or active power/frequency control: 

a. Turbine/governor and load control applies to conventional synchronous generation. 

b. Active power/frequency control applies to inverter connected generators (often found at variable energy plants). 
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4.2.3.1 Individual generating unit greater than 50 MVA (gross nameplate 
rating). 

4.2.3.2 Individual generating plant consisting of multiple generating units 
that are directly connected at a common BES bus with total 
generation greater than 75 MVA (gross aggregate nameplate 
rating). 

 
5. Effective Date: 

5.1. For Requirements R1, and R3 through R5, the first day of the first calendar 
quarter beyond the date that this standard is approved by applicable regulatory 
authorities or as otherwise made effective pursuant to the laws applicable to such 
ERO governmental authorities.  In those jurisdictions where regulatory approval 
is not required, the standard shall become effective on the first day of the first 
calendar quarter 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. 

5.2. For Requirement R2, 30 percent of the entity’s applicable unit gross MVA for 
each Interconnection on the first day of the first calendar quarter that is four years 
following applicable regulatory approval or as otherwise made effective pursuant 
to the laws applicable to such ERO governmental authorities, or in those 
jurisdictions where no regulatory approval is required, on the first day of the first 
calendar quarter that is four years following NERC Board of Trustees adoption or 
as otherwise made effective pursuant to the laws applicable to such ERO 
governmental authorities. 

5.3. For Requirement R2, 50 percent of the entity’s applicable unit gross MVA for 
each Interconnection on first day of the first calendar quarter that is six years 
following applicable regulatory approval or as otherwise made effective pursuant 
to the laws applicable to such ERO governmental authorities, or in those 
jurisdictions where no regulatory approval is required, on the first day of the first 
calendar quarter that is six years following NERC Board of Trustees adoption or 
as otherwise made effective pursuant to the laws applicable to such ERO 
governmental authorities. 

5.4. For Requirement R2, 100 percent of the entity’s applicable unit gross MVA for 
each Interconnection on the first day of the first calendar quarter that is 10 years 
following applicable regulatory approval or as otherwise made effective pursuant 
to the laws applicable to such ERO governmental authorities, or in those 
jurisdictions where no regulatory approval is required, on the first day of the first 
calendar quarter that is 10 years following NERC Board of Trustees adoption or 
as otherwise made effective pursuant to the laws applicable to such ERO 
governmental authorities. 

 

  Page 2 of 16 



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

B. Requirements 

R1. Each Transmission Planner shall provide the following requested information to the 
Generator Owner within 90 calendar days of receiving a written request:  [Violation 
Risk Factor:  Lower] [Time Horizon:  Operations Planning] 
• Instructions on how to obtain the list of turbine/governor and load control or active 

power/frequency control system models that are acceptable to the Transmission 
Planner for use in dynamic simulation, 

• Instructions on how to obtain the dynamic turbine/governor and load control or 
active power/frequency control function model library block diagrams and/or data 
sheets for models that are acceptable to the Transmission Planner, or 

• Model data for any of the Generator Owner’s existing applicable unit specific 
turbine/governor and load control or active power/frequency control system 
contained in the Transmission Planner’s dynamic database from the current (in-use) 
models. 

R2. Each Generator Owner shall provide, for each applicable unit, a verified 
turbine/governor and load control or active power/frequency control model, including 
documentation and data (as specified in Part 2.1) to its Transmission Planner in 
accordance with the periodicity specified in MOD-027 Attachment 1.  [Violation Risk 
Factor:  Medium] [Time Horizon:  Long-term Planning] 

2.1. Each applicable unit’s model shall be verified by the Generator Owner using one 
or more models acceptable to the Transmission Planner.  Verification for 
individual units rated less than 20 MVA (gross nameplate rating) in a generating 
plant (per Section 4.2.1.2, 4.2.2.2, or 4.2.3.2) may be performed using either 
individual unit or aggregate unit model(s) or both.  Each verification shall include 
the following: 

2.1.1. Documentation comparing the applicable unit’s MW model response to 
the recorded MW response for either: 

• A frequency excursion from a system disturbance that meets 
MOD-027 Attachment 1 Note 1 with the applicable unit on-line, 

• A speed governor reference change with the applicable unit on-
line, or 

• A partial load rejection test,2 

2.1.2. Type of governor and load control or active power control/frequency 
control3 equipment, 

2 Differences between the control mode tested and the final simulation model must be identified, particularly when analyzing 
load rejection data. Most controls change gains or have a set point runback which takes effect when the breaker opens. Load or 
set point controls will also not be in effect once the breaker opens. Some method of accounting for these differences must be 
presented if the final model is not validated from on-line data under the normal operating conditions under which the model is 
expected to apply. 

3  Turbine/governor and load control or active power/frequency control: 
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2.1.3. A description of the turbine (e.g. for hydro turbine - Kaplan, Francis, or 
Pelton; for steam turbine - boiler type, normal fuel type, and turbine type; 
for gas turbine - the type and manufacturer; for variable energy plant - 
type and manufacturer), 

2.1.4. Model structure and data for turbine/governor and load control or active 
power/frequency control, and 

2.1.5. Representation of the real power response effects of outer loop controls 
(such as operator set point controls, and load control but excluding AGC 
control) that would override the governor response (including blocked or 
nonfunctioning governors or modes of operation that limit Frequency 
Response), if applicable. 

R3. Each Generator Owner shall provide a written response to its Transmission Planner 
within 90 calendar days of receiving one of the following items for an applicable unit.   

• Written notification, from its Transmission Planner (in accordance with 
Requirement R5) that  the turbine/governor and load control or active 
power/frequency control model is not “usable,” 

• Written comments from its Transmission Planner identifying technical 
concerns with the verification documentation related to the turbine/governor 
and load control or active power/frequency control model, or 

• Written comments and supporting evidence from its Transmission Planner 
indicating that the simulated turbine/governor and load control or active 
power/frequency control response did not approximate the recorded response 
for three or more transmission system events. 

 The written response shall contain either the technical basis for maintaining the current 
model, the model changes, or a plan to perform model verification4 (in accordance with 
Requirement R2).  [Violation Risk Factor:  Lower] [Time Horizon:  Operations 
Planning] 

R4. Each Generator Owner shall provide revised model data or plans to perform model 
verification5 (in accordance with Requirement R2) for an applicable unit to its 
Transmission Planner within 180 calendar days of making changes to the 
turbine/governor and load control or active power/frequency control system that alter 
the equipment response characteristic6.  [Violation Risk Factor:  Lower] [Time 
Horizon:  Operations Planning] 

a. Turbine/governor and load control applies to conventional synchronous generation. 

b. Active power/frequency control applies to inverter connected generators (often found at variable energy plants). 

4 If verification is performed, the 10 year period as outlined in MOD-027 Attachment 1 is reset. 

5 Ibid. 

6 Control replacement or alteration including software alterations or plant digital control system addition or replacement, plant 
digital control system software alterations that alter droop, and/or dead band, and/or frequency response and/or a change in the 
frequency control mode (such as going from droop control to constant MW control, etc). 
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R5. Each Transmission Planner shall provide a written response to the Generator Owner 
within 90 calendar days of receiving the turbine/governor and load control or active 
power/frequency control system verified model information in accordance with 
Requirement R2 that the model is usable (meets the criteria specified in Parts 5.1 
through 5.3) or is not usable.   

5.1. The turbine/governor and load control or active power/frequency control function 
model initializes to compute modeling data without error, 

5.2. A no-disturbance simulation results in negligible transients, and 

5.3. For an otherwise stable simulation, a disturbance simulation results in the 
turbine/governor and load control or active power/frequency control model 
exhibiting positive damping. 

If the model is not usable, the Transmission Planner shall provide a technical 
description of why the model is not usable.  [Violation Risk Factor:  Medium] [Time 
Horizon:  Operations Planning] 

C. Measures 

M1. The Transmission Planner must have and provide the dated request for instructions or 
data, the transmitted instruction or data, and dated evidence of a written transmittal 
(e.g., electronic mail message, postal receipt, or confirmation of facsimile) as evidence 
that it provided the request within 90 calendar days in accordance with Requirement 
R1. 

M2. The Generator Owner must have and provide dated evidence it verified each generator 
turbine/governor and load control or active power/frequency control model according 
to Part 2.1 for each applicable unit and a dated transmittal (e.g., electronic mail 
message, postal receipt, or confirmation of facsimile) as evidence it provided the 
model, documentation, and data to its Transmission Planner, in accordance with 
Requirement R2. 

M3. Evidence for Requirement R3 must include the Generator Owner’s dated written 
response containing the information identified in Requirement R3 and dated evidence 
of transmittal (e.g., electronic mail message, postal receipt, or confirmation of 
facsimile) of the response. 

M4. Evidence for Requirement R4 must include, for each of the Generator Owner’s 
applicable units for which system changes specified in Requirement R4 were made, 
dated revised model data or dated plans to perform a model verification and dated 
evidence of transmittal (e.g., electronic mail message, postal receipt, or confirmation of 
facsimile) within 180 calendar days of making changes. 

M5. Evidence of Requirement R5 must include, for each model received, the dated response 
indicating the model was usable or not usable according to the criteria specified in 
Parts 5.1 through 5.3 and for a model that is not useable, a technical description is the 
model is not usable, and dated evidence of transmittal (e.g., electronic mail messages, 
postal receipts, or confirmation of facsimile) that the Generator Owner was notified 
within 90 calendar days of receipt of model information in accordance with 
Requirement R5. 
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D. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

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

• The Transmission Planner shall retain the information/data request and 
provided response evidence of Requirements R1 and R5, Measures M1 and 
M5 for 3 calendar years from the date the document was provided. 

• The Generator Owner shall retain the latest turbine/governor and load control 
or active power/frequency control system model verification evidence of 
Requirement R2, Measure M2. 

• The Generator Owner shall retain the information/data request and provided 
response evidence of Requirements R3, and R4 Measures M3 and M4 for 3 
calendar years from the date the document was provided. 

If a Generator Owner or Transmission Planner 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 Audit 
Self-Certification 

Spot Checking 
Compliance Investigation 
Self-Reporting 

Complaint 
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1.4. Additional Compliance Information 

None 
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2. Violation Severity Levels 

R # Lower VSL Moderate VSL High VSL Severe VSL 

R1 The Transmission Planner 
provided the instructions and data 
to the Generator Owner more than 
90 calendar days but less than or 
equal to 120 calendar days of 
receiving a written request. 

The Transmission Planner provided 
the instructions and data to the 
Generator Owner more than 120 
calendar days but less than or equal 
to 150 calendar days of receiving a 
written request. 

The Transmission Planner provided 
the instructions and data to the 
Generator Owner more than 150 
calendar days but less than or equal 
to 180 calendar days of receiving a 
written request. 

The Transmission Planner failed to provide 
the instructions and data to the Generator 
Owner within 180 calendar days of 
receiving a written request. 

R2 The Generator Owner provided its 
verified model(s) to its 
Transmission Planner after the 
periodicity timeframe specified in 
MOD-027 Attachment 1 but less 
than or equal to 90 calendar days 
late; 

OR 

The Generator Owner provided the 
Transmission Planner a verified 
model that omitted one of the five 
Parts identified in Requirement R2, 
Subparts 2.1.1, through 2.1.5. 

The Generator Owner provided its 
verified model(s) to its Transmission 
Planner more than 90 calendar days 
but less than or equal to 180 calendar 
days late as specified by the 
periodicity timeframe in MOD-027 
Attachment 1; 

OR 

The Generator Owner provided the 
Transmission Planner a verified 
model that omitted two of the five 
Parts identified in Requirement R2, 
Subparts 2.1.1, through 2.1.5. 

The Generator Owner provided its 
verified model(s) to its Transmission 
Planner more than 180 calendar days 
but less than or equal to 270 calendar 
days late as specified by the 
periodicity timeframe in MOD-027 
Attachment 1; 

OR 

The Generator Owner provided the 
Transmission Planner verified 
models that omitted three of the five 
Parts identified in Requirement R2, 
Subparts 2.1.1, through 2.1.5. 

The Generator Owner provided its verified  
model(s) more than 270 calendar days late 
to its Transmission Planner in accordance 
with the periodicity specified in MOD-027 
Attachment 1; 

OR 

The Generator Owner failed to use model(s) 
acceptable to the Transmission Planner as 
specified in Requirement R2, Part 2.1; 

OR 

The Generator Owner provided the 
Transmission Planner verified model(s) that 
omitted four or more of the five Parts 
identified in Requirement R2, Subparts 
2.1.1, through 2.1.5. 

  Page 8 of 16 



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

R # Lower VSL Moderate VSL High VSL Severe VSL 

R3  The Generator Owner provided a 
written response more than 90 
calendar days but less than or equal 
to 120 calendar days of receiving 
written notice. 

The Generator Owner provided a 
written response more than 120 
calendar days but less than or equal 
to 150 calendar days of receiving 
written notice. 

The Generator Owner provided a 
written response more than 150 
calendar days but less than or equal 
to 180 calendar days of receiving 
written notice. 

The Generator Owner failed to provide a 
written response within 180 calendar days 
of receiving written notice; 

OR 

The Generator Owner's written response 
failed to contain either the technical basis 
for maintaining the current model, or a list 
of future model changes, or a plan to 
perform another model verification. 

R4  The Generator Owner provided 
revised model data or plans to 
perform model verification more 
than 180 calendar days but less 
than or equal to 210 calendar days 
of making changes to the 
turbine/governor and load control 
or active power/frequency control 
system that alter the equipment 
response  characteristic. 

The Generator Owner provided 
revised model data or plans to 
perform model verification more than 
210 calendar days but less than or 
equal to 240 calendar days of making 
changes to the turbine/governor and 
load control or active 
power/frequency control system that 
alter the equipment response  
characteristic. 

The Generator Owner provided 
revised model data or plans to 
perform model verification more than 
240 calendar days but less than or 
equal to 270 calendar days of making 
changes to the turbine/governor and 
load control or active 
power/frequency control system that 
alter the equipment response  
characteristic. 

The Generator Owner failed to provide 
revised model data or failed to provide 
plans to perform model verification within 
270 calendar days of making changes to the 
turbine/governor and load control or active 
power/frequency control system that altered 
the equipment response characteristic. 
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R # Lower VSL Moderate VSL High VSL Severe VSL 

R5 The Transmission Planner 
provided a written response to the 
Generator Owner indicating 
whether the model is usable or not 
usable, including a technical 
description if the model is not 
usable, more than 90 calendar days 
but less than or equal to 120 
calendar days of receiving verified 
model information; 

The Transmission Planner provided a 
written response to the Generator 
Owner indicating whether the model 
is usable or not usable, including a 
technical description if the model is 
not usable, more than 120 calendar 
days but less than or equal to 150 
calendar days of receiving the 
verified model information; 

OR 

The Transmission Planner’s written 
response omitted confirmation for 
one of the specified model criteria 
listed in Requirement R5, Parts 5.1 
through 5.3. 

The Transmission Planner provided a 
written response to the Generator 
Owner indicating whether the model 
is usable or not usable, including a 
technical description if the model is 
not usable, more than 150 calendar 
days but less than or equal to 180 
calendar days of receiving the 
verified model information; 

OR 

The Transmission Planner’s written 
response omitted confirmation for 
two of the specified model criteria 
listed in Requirement R5, Parts 5.1 
through 5.3. 

The Transmission Planner failed to provide 
a written response to the Generator Owner 
within 180 calendar days of receiving the 
verified model information; 

OR 

The Transmission Planner provided a 
written response without including 
confirmation of all specified model criteria 
listed in Requirement R5, Parts 5.1 through 
5.3. 
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E. Regional Variances 

None. 

F. Associated Documents 

None. 

Version History 
Version Date Action Change Tracking 

1 February 7, 
2013 

Adopted by NERC Board of Trustees New 

1 March 20, 
2014 

FERC Order issued approving MOD-
027-1. (Order becomes effective for R1, 
R3, R4, and R5 on 7/1/14. R2 becomes 
effective 7/1/18.) 

 

 

G. References 

The following documents contain technical information beyond the scope of this Standard on 
turbine/governor and load control or active power/frequency control system functionality, 
modeling, and testing. 

1) IEEE Task Force on Generator Model Validation Testing of the Power System 
Stability Subcommittee, “Guidelines for Generator Stability Model Validation 
Testing,” IEEE PES General Meeting 2007, paper 07GM1307 

2) L. Pereira "New Thermal Governor Model Development: Its Impact on Operation and 
Planning Studies on the Western Interconnection" IEEE POWER AND ENERGY 
MAGAZINE, MAY/JUNE 2005 

3) D.M. Cabbell, S. Rueckert, B.A. Tuck, and M.C. Willis, "The New Thermal 
Governor Model Used in Operating and Planning Studies in WECC," in Proc. IEEE 
PES General Meeting, Denver, CO, 2004 

4) S. Patterson, "Importance of Hydro Generation Response Resulting from the New 
Thermal Modeling-and Required Hydro Modeling Improvements," in Proc. IEEE 
PES General Meeting, Denver, CO, 2004 

5) L. Pereira, D. Kosterev, D. Davies, and S. Patterson, "New Thermal Governor Model 
Selection and Validation in the WECC," IEEE Trans. Power Syst., vol. 19, no. 1, pp. 
517-523, February 2004 

6) L. Pereira, J. Undrill, D. Kosterev, D. Davies, and S. Patterson, "A New Thermal 
Governor Modeling Approach in the WECC," IEEE Trans. Power Syst., vol. 18, no. 
2, pp. 819-829, May 2003 
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7) P. Pourbeik, C. Pink and R. Bisbee, “Power Plant Model Validation for Achieving 
Reliability Standard Requirements Based on Recorded On-Line Disturbance Data”, 
Proceedings of the IEEE PSCE, March, 2011 
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MOD-027 Attachment 1 
Turbine/Governor and Load Control or Active Power/Frequency Control Model Periodicity 

Row 
Number 

Verification Condition Required Action 

1 Establishing the initial verification date for an applicable unit. 

(Requirement R2) 

Transmit the verified model, documentation and data to the Transmission 
Planner on or before the Effective Date. 

Row 5 applies when calculating generation fleet compliance during the 
10year implementation period. 

See Section A5 for Effective Dates. 

2 Subsequent verification for an applicable unit. 

(Requirement R2) 

 

Transmit the verified model, documentation and data to the Transmission 
Planner on or before the 10-year anniversary of the last transmittal (per Note 
2).  

 

3 Applicable unit is not subjected to a frequency excursion per Note 
1 by the date otherwise required to meet the dates per Rows 1, 2, 
4, or 6. 

 (This row is only applicable if a frequency excursion from a 
system disturbance that meets Note 1 is selected for the 
verification method and the ability to record the applicable unit’s 
real power response to a frequency excursion is installed and 
expected to be available). 

(Requirement R2) 

Requirement 2 is met with a written statement to that effect transmitted to 
the Transmission Planner.  Transmit the verified model, documentation and 
data to the Transmission Planner on or before 365 calendar days after a 
frequency excursion per Note 1 occurs and the recording equipment captures 
the applicable unit’s real power response as expected. 

4 Initial verification for a new applicable unit or for an existing 
applicable unit with new turbine/governor and load control or 
active power/frequency control equipment installed. 

(Requirement R2) 

Transmit the verified model, documentation and data to the Transmission 
Planner within 365 calendar days after the commissioning date. 
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MOD-027 Attachment 1 

Turbine/Governor and Load Control or Active Power/Frequency Control Model Periodicity 

Row 
Number 

Verification Condition Required Action 

5 Existing applicable unit that is equivalent to another applicable 
unit(s) at the same physical location; 

AND 

Each applicable unit has the same MVA nameplate rating; 

AND 

The nameplate rating is ≤ 350 MVA; 

AND 

Each applicable unit has the same components and settings; 

AND 

The model for one of these equivalent applicable units has been 
verified. 

(Requirement R2) 

Document circumstance with a written statement and include with the 
verified model, documentation and data provided to the Transmission 
Planner for the verified equivalent unit. 

Verify a different equivalent unit during each 10-year verification period. 

Applies to Row 1 when calculating generation fleet compliance during the 
10-year implementation period. 

6 The Generator Owner has submitted a verification plan. 

(Requirement R3 or R4) 

Transmit the verified model, documentation and data to the Transmission 
Planner within 365 calendar days after the submittal of the verification plan. 
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MOD-027 Attachment 1 

Turbine/Governor and Load Control or Active Power/Frequency Control Model Periodicity 

Row 
Number 

Verification Condition Required Action 

7 Applicable unit is not responsive to both over and under frequency 
excursion events (The applicable unit does not operate in a 
frequency control mode, except during normal start up and shut 
down, that would result in a turbine/governor and load control or 
active power/frequency control mode response.); 

OR 

Applicable unit either does not have an installed frequency control 
system or has a disabled frequency control system. 

(Requirement R2) 

Requirement 2 is met with a written statement to that effect transmitted to 
the Transmission Planner. 

Perform verification per the periodicity specified in Row 4 for a “New 
Generating Unit” (or new equipment) only if responsive control mode 
operation for connected operations is established. 

8 Existing applicable unit has a current average net capacity factor 
over the most recent three calendar years, beginning on January 1 
and ending on December 31 of 5% or less. 

(Requirement R2) 

Requirement 2 is met with a written statement to that effect transmitted to 
the Transmission Planner. 

At the end of this 10 calendar year timeframe, the current average three year 
net capacity factor (for years 8, 9, and 10) can be examined to determine if 
the capacity factor exemption can be declared for the next 10 calendar year 
period.  If not eligible for the capacity factor exemption, then model 
verification must be completed within 365 calendar days of the date the 
capacity factor exemption expired. 

For the definition of net capacity factor, refer to Appendix F of the GADS 
Data Reporting Instructions on the NERC website. 
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MOD-027 Attachment 1 

Turbine/Governor and Load Control or Active Power/Frequency Control Model Periodicity 

Row 
Number 

Verification Condition Required Action 

NOTES: 

NOTE 1:  Unit model verification frequency excursion criteria: 

• ≥ 0.05 hertz deviation (nadir point) from scheduled frequency for the Eastern Interconnection with the applicable unit operating in a frequency 
responsive mode  

• ≥ 0.10 hertz deviation (nadir point) from scheduled frequency for the ERCOT and Western Interconnections with the applicable unit operating in a 
frequency responsive mode 

• ≥ 0.15 hertz deviation (nadir point) from scheduled frequency for the Quebec Interconnection with the applicable unit operating in a frequency 
responsive mode 

NOTE 2:  Establishing the recurring ten year unit verification period start date: 

• The start date is the actual date of submittal of a verified model to the Transmission Planner for the most recently performed unit verification. 

NOTE 3: Consideration for early compliance: 

Existing turbine/governor and load control or active power/frequency control model verification is sufficient for demonstrating compliance for a 10 year period 
from the actual transmittal date if either of the following applies: 

• The Generator Owner has a verified model that is compliant with the applicable regional policies, guidelines or criteria existing at the time of model 
verification 

• The Generator Owner has an existing verified model that is compliant with the requirements of this standard 
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A. Introduction 

1. Title: Coordination of Generating Unit or Plant Capabilities, Voltage Regulating 
Controls,  and Protection 

2. Number: PRC-019-1 

3. Purpose: To verify coordination of generating unit Facility or synchronous 
condenser voltage regulating controls, limit functions, equipment capabilities and 
Protection System settings. 

4. Applicability: 

4.1. Functional Entities 

4.1.1 Generator Owner 

4.1.2 Transmission Owner that owns synchronous condenser(s) 

4.2. Facilities 

For the purpose of this standard, the term, “applicable Facility” shall mean any 
one of the following: 

4.2.1 Individual generating unit greater than 20 MVA (gross nameplate rating) 
directly connected to the Bulk Electric System. 

4.2.2 Individual synchronous condenser greater than 20 MVA (gross nameplate 
rating) directly connected to the Bulk Electric System. 

4.2.3 Generating plant/ Facility consisting of one or more units that are 
connected to the Bulk Electric System at a common bus with total 
generation greater than 75 MVA (gross aggregate nameplate rating). 

4.2.4 Any generator, regardless of size, that is a blackstart unit material to and 
designated as part of a Transmission Operator’s restoration plan. 

5. Effective Date:  

5.1. In those jurisdictions where regulatory approval is required: 

5.1.1 By the first day of the first calendar quarter, two calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 40 percent of 
its applicable Facilities. 

5.1.2 By the first day of the first calendar quarter, three calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 60 percent of 
its applicable Facilities. 

5.1.3 By the first day of the first calendar quarter, four calendar years following 
applicable regulatory, or as otherwise made effective pursuant to the laws 
applicable to such ERO governmental authorities, approval each 
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Generator Owner and Transmission Owner shall have verified at least 80 
percent of its applicable Facilities. 

5.1.4 By the first day of the first calendar quarter, five calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified 100 percent of its 
applicable Facilities. 

5.2. In those jurisdictions where regulatory approval is not required: 

5.2.1 By the first day of the first calendar quarter, two calendar years following 
Board of Trustees approval, or as otherwise made effective pursuant to the 
laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 40 percent of 
its applicable Facilities. 

5.2.2 By the first day of the first calendar quarter, three calendar years following 
Board of Trustees approval, or as otherwise made effective pursuant to the 
laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 60 percent of 
its applicable Facilities. 

5.2.3 By the first day of the first calendar quarter, four calendar years following 
Board of Trustees approval, or as otherwise made effective pursuant to the 
laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified at least 80 percent of 
its applicable Facilities. 

5.2.4 By the first day of the first calendar quarter, five calendar years following 
Board of Trustees approval, or as otherwise made effective pursuant to the 
laws applicable to such ERO governmental authorities, each Generator 
Owner and Transmission Owner shall have verified 100 percent of its 
applicable Facilities. 

 

B. Requirements 

R1. At a maximum of every five calendar years, each Generator Owner and Transmission 
Owner with applicable Facilities shall coordinate the voltage regulating system 
controls, (including in-service1 limiters and protection functions) with the applicable 
equipment capabilities and settings of the applicable Protection System devices and 
functions.  [Violation Risk Factor: Medium] [Time Horizon: Long-term Planning] 

1.1. Assuming the normal automatic voltage regulator control loop and steady-state 
system operating conditions, verify the following coordination items for each 
applicable Facility: 

                                                 
1 Limiters or protection functions that are installed and activated on the generator or synchronous condenser. 
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1.1.1. The in-service limiters are set to operate before the Protection System of 
the applicable Facility in order to avoid disconnecting the generator 
unnecessarily. 

1.1.2. The applicable in-service Protection System devices are set to operate to 
isolate or de-energize equipment in order to limit the extent of damage 
when operating conditions exceed equipment capabilities or stability 
limits. 

R2. Within 90 calendar days following the identification or implementation of systems, 
equipment or setting changes that will affect the coordination described in Requirement 
R1, each Generator Owner and Transmission Owner with applicable Facilities shall 
perform the coordination as described in Requirement R1. These possible systems, 
equipment or settings changes include, but are not limited to the following  [Violation 
Risk Factor: Medium] [Time Horizon: Long-term Planning]: 

 Voltage regulating settings or equipment changes; 

 Protection System settings or component changes; 

 Generating or synchronous condenser equipment capability changes; or 

 Generator or synchronous condenser step-up transformer changes. 

C. Measures 

M1. Each Generator Owner and Transmission Owner with applicable Facilities will have 
evidence (such as examples provided in PRC-019 Section G) that it coordinated the 
voltage regulating system controls, including in-service2 limiters and protection 
functions, with the applicable equipment capabilities and settings of the applicable 
Protection System devices and functions as specified in Requirement R1.  This 
evidence should include dated documentation that demonstrates the coordination was 
performed.  

M2. Each Generator Owner and Transmission Owner with applicable Facilities will have 
evidence of the coordination required by the events listed in Requirement R2.  This 
evidence should include dated documentation that demonstrates the specified intervals 
in Requirement R2 have been met. 

 

D. Compliance 

1. Compliance Monitoring Process 

1.1. Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance enforcement authority 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. 

                                                 
2 Limiters or protection functions that are installed and activated on the generator or synchronous condenser. 
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1.2. Evidence Retention 

The following evidence retention periods identify a period of time an entity is 
required to retain specific evidence to demonstrate compliance. For instances 
where the evidence retention specified below is shorter than the time since the last 
compliance 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 Generator Owner and Transmission Owner shall retain evidence of 
compliance with Requirements R1 and R2, Measures M1 and M2 for six years.  

 

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

 

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

1.3. Compliance Monitoring and Assessment Processes 

Compliance Audit 

Self-Certification  

Spot Checking 

Compliance Investigation 

Self-Reporting 

Complaint 

1.4. Additional Compliance Information 

None 

 

2. Violation Severity Levels 

R # Lower VSL Moderate VSL High VSL Severe VSL 

R1 The Generator 
Owner or 
Transmission Owner 
coordinated 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
more than 5 calendar 

The Generator 
Owner or 
Transmission Owner 
coordinated 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
more than 5 calendar 

The Generator 
Owner or 
Transmission Owner 
coordinated 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
more than 5 calendar 

The Generator 
Owner or 
Transmission Owner 
failed to coordinate 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
within 5 calendar 
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years but less than or 
equal to 5 calendar 
years plus 4 months 
after the previous 
coordination. 

years plus 4 months 
but less than or equal 
to 5 calendar years 
plus 8 months after 
the previous 
coordination. 

years plus 8 months 
but less than or equal 
to 5 calendar years 
plus 12 months after 
the previous 
coordination.  

years plus 12 months 
after the previous 
coordination.  

R2 The Generator 
Owner or 
Transmission Owner 
coordinated 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
more than 90 
calendar days but 
less than or equal to 
100 calendar days 
following the 
identification or 
implementation of a 
change in equipment 
or settings that 
affected the 
coordination. 

 

The Generator 
Owner or 
Transmission Owner 
coordinated 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
more than 100 
calendar days but 
less than or equal to 
110 calendar days 
following the 
identification or 
implementation of a 
change in equipment 
or settings that 
affected the 
coordination. 

 

 

The Generator 
Owner or 
Transmission Owner 
coordinated 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
more than 110 
calendar days but 
less than or equal to 
120 calendar days 
following the 
identification or 
implementation of a 
change in equipment 
or settings that 
affected the 
coordination. 

 

The Generator 
Owner or 
Transmission Owner 
failed to coordinate 
equipment 
capabilities, limiters, 
and protection 
specified in 
Requirement R1 
within 120 calendar 
days following the 
identification or 
implementation of a 
change in equipment 
or settings that 
affected the 
coordination. 

 

 

 

E. Regional Variances 

None. 

F. Associated Documents 

“Underexcited Operation of Turbo Generators”, AIEE Proceedings T Section 881, Volume 
67, 1948, Appendix 1, C. G. Adams and J. B. McClure. 

,”Protective Relaying For Power Generation Systems”, Boca Raton, FL, Taylor & Francis, 
2006, Reimert, Donald 

“Coordination of Generator Protection with Generator Excitation Control and Generator 
Capability”, a report of Working Group J5 of the IEEE PSRC Rotating Machinery 
Subcommittee 

“IEEE C37.102-2006 IEEE Guide for AC Generator Protection” 

“IEEE C50.13-2005 IEEE Standard for Cylindrical-Rotor 50 Hz and 60 Hz Synchronous 
Generators Rated 10 MVA and Above” 
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Version History 

Version Date Action Change Tracking 

1 February 7, 2013 Adopted by NERC Board of Trustees New 

1 March 20, 2014 FERC Order issued approving PRC-
019-1. (Order becomes effective on 
7/1/16.) 

 

 

 

 

 

G. Reference 

Examples of Coordination 

The evidence of coordination associated with Requirement R1 may be in the form of: 

 P-Q Diagram (Example in Attachment 1), or  

 R-X Diagram (Example in Attachment 2), or 

 Inverse Time Diagram (Example in Attachment 3) or, 

 Equivalent tables or other evidence 

 

This evidence should include the equipment capabilities and the operating region for the 
limiters and protection functions 

 

Equipment limits, types of limiters and protection functions which could be coordinated 
include (but are not limited to): 

 Field over-excitation limiter and associated protection functions. 

 Inverter over current limit and associated protection functions. 

 Field under-excitation limiter and associated protection functions. 

 Generator or synchronous condenser reactive capabilities. 

 Volts per hertz limiter and associated protection functions. 

 Stator over-voltage protection system settings. 

 Generator and transformer volts per hertz capability. 

 Time vs. field current or time vs. stator current. 
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NOTE: This listing is for reference only.  This standard does not require the installation or 
activation of any of the above limiter or protection functions. 

 

For this example, the Steady State Stability Limit (SSSL) is the limit to synchronous 
stability in the under-excited region with fixed field current. 

 

On a P-Q diagram using Xd as the direct axis saturated synchronous reactance of the 
generator, Xs as the equivalent reactance between the generator terminals and the 
“infinite bus” including the reactance of the generator step-up transformer and Vg as the 
generator terminal voltage (all values in per-unit), the SSSL can be calculated as an arc 
with the center on the Q axis with the magnitude of the center and radius described by the 
following equations 

 

C = V2
g/2*(1/Xs-1/Xd) 

R = V2
g/2*(1/Xs+1/Xd) 

 

On an R-X diagram using Xd as the direct axis saturated synchronous reactance of the 
generator, and Xs as the equivalent reactance between the generator terminals and the 
“infinite bus” including the reactance of the generator step-up transformer the SSSL  
is an arc with the center on the X axis with the center and radius described by the 
following equations: 

 

C = (Xd-Xs)/2 

R = (Xd+Xs)/2 
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Section G Attachment 1 – Example of Capabilities, Limiters and Protection on a P-Q Diagram at nominal voltage and 
frequency 
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Section G Attachment 2 – Example of Capabilities, Limiters, and Protection on an R-X Diagram at nominal voltage and 
frequency 
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Section G Attachment 3 - Example of Capabilities, Limiters, and Protection on an Inverse Time Characteristic Plot 
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A. Introduction 

1. Title: Generator Frequency and Voltage Protective Relay Settings  

2. Number: PRC-024-1 

3. Purpose: Ensure Generator Owners set their generator protective relays such that 
generating units remain connected during defined frequency and voltage excursions.  

4. Applicability: 

4.1. Generator Owner 

5.  Effective Date:  

5.1. In those jurisdictions where regulatory approval is required: 

5.1.1 By the first day of the first calendar quarter, two calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner shall have verified at least 40 percent of its Facilities are fully 
compliant with Requirements R1, R2, R3, and R4. 

5.1.2 By the first day of the first calendar quarter, three calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner shall have verified at least 60 percent of its Facilities are fully 
compliant with Requirements R1, R2, R3, and R4. 

5.1.3 By the first day of the first calendar quarter, four calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner shall have verified at least 80 percent of its Facilities are fully 
compliant with Requirements R1, R2, R3, and R4. 

5.1.4 By the first day of the first calendar quarter, five calendar years following 
applicable regulatory approval, or as otherwise made effective pursuant to 
the laws applicable to such ERO governmental authorities, each Generator 
Owner shall have verified 100 percent of its Facilities are fully compliant 
with Requirements R1, R2, R3, and R4. 

5.2. In those jurisdictions where regulatory approval is not required: 

5.2.1 By the first day of the first calendar quarter, two calendar years following 
Board of Trustees approval, each Generator Owner shall have verified at 
least 40 percent of its Facilities are fully compliant with Requirements R1, 
R2, R3, and R4. 

5.2.2 By the first day of the first calendar quarter, three calendar years following 
Board of Trustees approval, each Generator Owner shall have verified at 
least 60 percent of its Facilities are fully compliant with Requirements R1, 
R2, R3, and R4. 
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5.2.3 By the first day of the first calendar quarter, four calendar years following 
Board of Trustees approval, each Generator Owner shall have verified at 
least 80 percent of its Facilities are fully compliant with Requirements R1, 
R2, R3, and R4. 

5.2.4 By the first day of the first calendar quarter, five calendar years following 
Board of Trustees approval, each Generator Owner shall have verified 100 
percent of its Facilities are fully compliant with Requirements R1, R2, R3, 
and R4. 
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B. Requirements 

R1. Each Generator Owner that has generator frequency protective relaying1 activated to trip 
its applicable generating unit(s) shall set its protective relaying such that the generator 
frequency protective relaying does not trip the applicable generating unit(s) within the 
“no trip zone” of PRC-024 Attachment 1, subject to the following exceptions: [Violation 
Risk Factor: Medium] [Time Horizon: Long-term Planning] 

 Generating unit(s) may trip if the protective functions (such as out-of-step functions 
or loss-of-field functions) operate due to an impending or actual loss of synchronism 
or, for asynchronous generating units, due to instability in power conversion control 
equipment. 

 Generating unit(s) may trip if clearing a system fault necessitates disconnecting (a) 
generating unit(s). 

 Generating unit(s) may trip within a portion of the “no trip zone” of PRC-024 
Attachment 1 for documented and communicated regulatory or equipment 
limitations in accordance with Requirement R3. 

R2. Each Generator Owner that has generator voltage protective relaying1 activated to trip its 
applicable generating unit(s) shall set its protective relaying such that the generator 
voltage protective relaying does not trip the applicable generating unit(s) as a result of a 
voltage excursion (at the point of interconnection2) caused by an event on the 
transmission system external to the generating plant that remains within the “no trip 
zone” of PRC-024 Attachment 2. If the Transmission Planner allows less stringent 
voltage relay settings than those required to meet PRC-024 Attachment 2, then the 
Generator Owner shall set its protective relaying within the voltage recovery 
characteristics of a location-specific Transmission Planner’s study. Requirement R2 is 
subject to the following exceptions: [Violation Risk Factor: Medium] [Time Horizon: 
Long-term Planning] 

 Generating unit(s) may trip in accordance with a Special Protection System (SPS) or 
Remedial Action Scheme (RAS). 

 Generating unit(s) may trip if clearing a system fault necessitates disconnecting (a) 
generating unit(s). 

 Generating unit(s) may trip by action of protective functions (such as out-of-step 
functions or loss-of-field functions) that operate due to an impending or actual loss 
of synchronism or, for asynchronous generating units, due to instability in power 
conversion control equipment. 

                                                 
1 Each Generator Owner is not required to have frequency or voltage protective relaying (including but not limited to 
frequency and voltage protective functions for discrete relays, volts per hertz relays evaluated at nominal frequency, 
multi-function protective devices or protective functions within control systems that directly trip or provide tripping 
signals to the generator based on frequency or voltage inputs) installed or activated on its unit. 

2 For the purposes of this standard, point of interconnection means the transmission (high voltage) side of the generator 
step-up or collector transformer. 
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 Generating unit(s) may trip within a portion of the “no trip zone” of PRC-024 
Attachment 2 for documented and communicated regulatory or equipment 
limitations in accordance with Requirement R3. 

R3. Each Generator Owner shall document each known regulatory or equipment limitation3 
that prevents an applicable generating unit with generator frequency or voltage protective 
relays from meeting the relay setting criteria in Requirements R1 or R2 including (but not 
limited to) study results, experience from an actual event, or manufacturer’s advice. 
[Violation Risk Factor: Lower] [Time Horizon: Long-term Planning]  

3.1. The Generator Owner shall communicate the documented regulatory or equipment 
limitation, or the removal of a previously documented regulatory or equipment 
limitation, to its Planning Coordinator and Transmission Planner within 30 calendar 
days of any of the following: 

 Identification of a regulatory or equipment limitation. 

 Repair of the equipment causing the limitation that removes the limitation.  

 Replacement of the equipment causing the limitation with equipment that 
removes the limitation. 

 Creation or adjustment of an equipment limitation caused by consumption of the 
cumulative turbine life-time frequency excursion allowance. 

R4. Each Generator Owner shall provide its applicable generator protection trip settings 
associated with Requirements R1 and R2 to the Planning Coordinator or Transmission 
Planner that models the associated unit within 60 calendar days of receipt of a written 
request for the data and within 60 calendar days of any change to those previously 
requested trip settings unless directed by the requesting Planning Coordinator or 
Transmission Planner that the reporting of relay setting changes is not required. 
[Violation Risk Factor: Lower] [Time Horizon: Operations Planning] 

 

C. Measures 

M1. Each Generator Owner shall have evidence that generator frequency protective relays 
have been set in accordance with Requirement R1 such as dated setting sheets, calibration 
sheets or other documentation.   

M2. Each Generator Owner shall have evidence that generator voltage protective relays have 
been set in accordance with Requirement R2 such as dated setting sheets, voltage-time 
curves, calibration sheets, coordination plots, dynamic simulation studies or other 
documentation.   

M3. Each Generator Owner shall have evidence that it has documented and communicated any 
known regulatory or equipment limitations (excluding limitations noted in footnote 3) 
that resulted in an exception to Requirements R1 or R2 in accordance with Requirement 

                                                 
3 Excludes limitations that are caused by the setting capability of the generator frequency and voltage protective relays 
themselves but does not exclude limitations originating in the equipment that they protect. 
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R3 such as a dated email or letter that contains such documentation as study results, 
experience from an actual event, or manufacturer’s advice. 

M4. Each Generator Owner shall have evidence that it communicated applicable generator 
protective relay trip settings in accordance with Requirement R4, such as dated e-mails, 
correspondence or other evidence and copies of any requests it has received for that 
information. 

D. 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. Data 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 Generator Owner shall retain evidence of compliance with Requirement R1 
through R4; for 3 years or until the next audit, whichever is longer.  

If a Generator Owner is found non-compliant, the Generator Owner shall keep 
information related to the non-compliance until mitigation is complete and approved 
for the time period 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 Audit 

Self-Certification 

Spot Checking 

Compliance Investigation 

Self-Reporting 

Complaint 

1.4. Additional Compliance Information 

None 
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2. Violation Severity Levels 

R # Lower VSL Moderate VSL High VSL Severe VSL 

R1 N/A N/A N/A The Generator Owner 
that has frequency 
protection activated to 
trip a generating unit,  
failed to set its 
generator frequency 
protective relaying so 
that it does not trip 
within the criteria 
listed in Requirement 
R1 unless there is a 
documented and 
communicated 
regulatory or 
equipment limitation 
per Requirement R3. 

R2 N/A N/A N/A The Generator Owner 
with voltage protective 
relaying activated to 
trip a generating unit, 
failed to set its voltage 
protective relaying so 
that it does not trip as a 
result of a voltage 
excursion at the point 
of interconnection, 
caused by an event 
external to the plant 
per the criteria 
specified in 
Requirement R2 unless 
there is a documented 
and communicated 
regulatory or 
equipment limitation 
per Requirement R3. 

R3 The Generator Owner 
documented the 
known non-protection 
system equipment 
limitation that 
prevented it from 
meeting the criteria in 
Requirement R1 or R2 
and communicated the 
documented limitation 
to its Planning 
Coordinator and 
Transmission Planner 

The Generator Owner 
documented the 
known non-protection 
system equipment 
limitation that 
prevented it from 
meeting the criteria in 
Requirement R1 or R2 
and communicated the 
documented limitation 
to its Planning 
Coordinator and 
Transmission Planner 

The Generator Owner 
documented the 
known non-protection 
system equipment 
limitation that 
prevented it from 
meeting the criteria in 
Requirement R1 or R2 
and communicated the 
documented limitation 
to its Planning 
Coordinator and 
Transmission Planner 

The Generator Owner 
failed to document any 
known non-protection 
system equipment 
limitation that 
prevented it from 
meeting the criteria in 
Requirement R1 or R2. 

 

OR 

The Generator Owner 
failed to communicate 
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R # Lower VSL Moderate VSL High VSL Severe VSL 

more than 30 calendar 
days but less than or 
equal to 60 calendar 
days of identifying the 
limitation. 

 

 

 

more than 60 calendar 
days but less than or 
equal to 90 calendar 
days of identifying the 
limitation. 

more than 90 calendar 
days but less than or 
equal to 120 calendar 
days of identifying the 
limitation. 

 

the documented 
limitation to its 
Planning Coordinator 
and Transmission 
Planner within 120 
calendar days of 
identifying the 
limitation. 

 

R4 The Generator Owner 
provided its generator 
protection trip settings 
more than 60 calendar 
days but less than or 
equal to 90 calendar 
days of any change to 
those trip settings.  

OR 

The Generator Owner 
provided trip settings 
more than 60 calendar 
days but less than or 
equal to 90 calendar 
days of a written 
request. 

The Generator Owner 
provided its generator 
protection trip settings 
more than 90 calendar 
days but less than or 
equal to 120 calendar 
days of any change to 
those trip settings. 

 

OR 

The Generator Owner 
provided trip settings 
more than 90 calendar 
days but less than or 
equal to 120 calendar 
days of a written 
request. 

The Generator Owner 
provided its generator 
protection trip settings 
more than 120 
calendar days but less 
than or equal to 150 
calendar days of any 
change to those trip 
settings. 

 

OR 

The Generator Owner 
provided trip settings 
more than 120 
calendar days but less 
than or equal to 150 
calendar days of a 
written request. 

The Generator Owner 
failed to provide its 
generator protection 
trip settings within 150 
calendar days of any 
change to those trip 
settings. 

 

OR 

 

The Generator Owner 
failed to provide trip 
settings within 150 
calendar days of a 
written request. 

 

E. Regional Variances 

None 

F. Associated Documents 

None 

Version History 

Version Date Action Change Tracking 

1 May 9, 2013 Adopted by the NERC Board of 
Trustees 

 

1 March 20, 2014 FERC Order issued approving PRC-
024-1. (Order becomes effective on 
7/1/16.) 
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G. References 

1. “The Technical Justification for the New WECC Voltage Ride-Through (VRT) Standard, 
A White Paper Developed by the Wind Generation Task Force (WGTF),” dated June 13, 
2007, a guideline approved by WECC Technical Studies Subcommittee. 
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PRC-024 — Attachment 1 

 

Curve Data Points: 

Eastern Interconnection 

High Frequency Duration Low Frequency Duration 

Frequency (Hz) Time (Sec) Frequency (Hz) Time (sec) 

≥61.8 Instantaneous trip ≤57.8 Instantaneous trip 

≥60.5 10(90.935-1.45713*f) ≤59.5 10(1.7373*f-100.116) 

<60.5 Continuous operation > 59.5 Continuous operation 
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 Western Interconnection 

High Frequency Duration Low Frequency Duration 

Frequency (Hz) Time (Sec) Frequency (Hz) Time (sec) 

≥61.7 Instantaneous trip ≤57.0 Instantaneous trip 

≥61.6 30 ≤57.3 0.75 

≥60.6 180 ≤57.8 7.5 

<60.6 Continuous operation ≤58.4 30 

  ≤59.4 180 

  >59.4 Continuous operation 

 

Quebec Interconnection 

High Frequency Duration Low Frequency Duration 

Frequency (Hz) Time (Sec) Frequency (Hz) Time (Sec) 

>66.0 Instantaneous trip <55.5 Instantaneous trip 

≥63.0 5 ≤56.5 0.35 

≥61.5 90 ≤57.0 2 

≥60.6 660 ≤57.5 10 

<60.6 Continuous operation ≤58.5 90 

  ≤59.4 660 

  >59.4 Continuous operation 

 

ERCOT Interconnection 

High Frequency Duration Low Frequency Duration 

Frequency (Hz) Time (Sec) Frequency (Hz) Time (sec) 

≥61.8 Instantaneous trip ≤57.5 Instantaneous trip 

≥61.6 30 ≤58.0 2 

≥60.6 540 ≤58.4 30 

<60.6 Continuous operation ≤59.4 540 

  >59.4 Continuous operation 
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PRC-024— Attachment 2 

 

 

 

Ride Through Duration: 

High Voltage Ride Through Duration Low Voltage Ride Through Duration 

Voltage (pu) Time (sec) Voltage (pu) Time (sec) 

≥1.200 Instantaneous trip <0.45 0.15 

≥1.175 0.20 <0.65 0.30 

≥1.15 0.50 <0.75 2.00 

≥1.10 1.00 <0.90 3.00 
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Voltage Ride-Through Curve Clarifications 

Curve Details: 

1. The per unit voltage base for these curves is the nominal operating voltage specified by the 
Transmission Planner in the analysis of the reliability of the Interconnected Transmission 
Systems at the point of interconnection to the Bulk Electric System (BES).  

2. The curves depicted were derived based on three-phase transmission system zone 1 faults 
with Normal Clearing not exceeding 9 cycles.  The curves apply to voltage excursions 
regardless of the type of initiating event. 

3. The envelope within the curves represents the cumulative voltage duration at the point of 
interconnection with the BES.  For example, if the voltage first exceeds 1.15 pu at 0.3 
seconds after a fault, does not exceed 1.2 pu voltage, and returns below 1.15 pu at 0.4 
seconds, then the cumulative time the voltage is above 1.15 pu voltage is 0.1 seconds and is 
within the no trip zone of the curve.   

4. The curves depicted assume system frequency is 60 Hertz.  When evaluating Volts/Hertz 
protection, you may adjust the magnitude of the high voltage curve in proportion to 
deviations of frequency below 60 Hz.   

5. Voltages in the curve assume minimum fundamental frequency phase-to-ground or phase-
to-phase voltage for the low voltage duration curve and the greater of maximum RMS or 
crest phase-to-phase voltage for the high voltage duration curve. 

Evaluating Protective Relay Settings: 

1. Use either the following assumptions or loading conditions that are believed to be the most 
probable for the unit under study to evaluate voltage protection relay setting calculations on 
the static case for steady state initial conditions:  

a. All of the units connected to the same transformer are online and operating.  

b. All of the units are at full nameplate real-power output.  

c. Power factor is 0.95 lagging (i.e. supplying reactive power to the system) as 
measured at the generator terminals. 

d. The automatic voltage regulator is in automatic voltage control mode. 

2. Evaluate voltage protection relay settings assuming that additional installed generating plant 
reactive support equipment (such as static VAr compensators, synchronous condensers, or 
capacitors) is available and operating normally. 

3. Evaluate voltage protection relay settings accounting for the actual tap settings of 
transformers between the generator terminals and the point of interconnection. 
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Exhibit B: Informational Summary of Each Reliability Standard Applicable to Nova Scotia, Approved by 
FERC in First Quarter 2014 

 



 
 

EXHIBIT B: Informational Summary of Reliability Standard Applicable to  
 Nova Scotia, Approved by FERC in First Quarter 2014 

 
 
 
BAL-003-1- To require sufficient Frequency Response from the Balancing Authority 
(BA) to maintain Interconnection Frequency within predefined bounds by arresting 
frequency deviations and supporting frequency until the frequency is restored to its 
scheduled value. To provide consistent methods for measuring Frequency Response and  
determining the Frequency Bias Setting. 
 
Applicability: 

• Balancing Authorities 
• Frequency Response Sharing Groups 

 
Reliability Standard BAL-003-1 includes four requirements and the recirculation ballot 
achieved a quorum of 86.19% and an approval of 76.53% 
 
On March 29, 2013 NERC submitted a petition for approval of BAL-003-1 to the Federal 
Energy Regulatory Commission (“FERC”) and on January 16, 2014, FERC approved the 
standard.   
  



 
 

EXHIBIT B: Informational Summary of Reliability Standard Applicable to  
 Nova Scotia, Approved by FERC in First Quarter 2014 

 
 
MOD-025-2 To ensure that accurate information on generator gross and net Real and  
Reactive Power capability and synchronous condenser Reactive Power capability is  
available for planning models used to assess Bulk Electric System (BES) reliability. 
 

Applicability: 
• Generator Owners 
• Transmission Owners that own synchronous condenser(s) 

 
Reliability Standard MOD-025-2 includes three requirements one diagram and one table.  
MOD-025-2 received a quorum of 86.89% and an approval rating of 73.06%. 
 
On May 30, 2013, NERC submitted a petition for approval of MOD-025-2 to the Federal 
Energy Regulatory Commission (“FERC”) and on March 20, 2014, FERC approved the 
standard.  
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MOD-026-1- To verify that the generator excitation control system or plant volt/var  
control function model (including the power system stabilizer model and the impedance 
compensator model) and the model parameters used in dynamic simulations accurately 
represent the generator excitation control system or plant volt/var control function 
behavior when assessing Bulk Electric System (BES) reliability.  
 
Applicability: 

• Generator Owners 
• Transmission Planners 

 
Reliability Standard MOD-026-1 includes six requirements and several tables.  MOD-
026-1 received a quorum of 79% and an approval rating of 79.36%. 
 
On May 30, 2013, NERC submitted a petition for approval of MOD-026-1 to the Federal 
Energy Regulatory Commission (“FERC”) and on March 20, 2014, FERC approved the 
standard.  
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 Nova Scotia, Approved by FERC in First Quarter 2014 
 
 
MOD-027-1 To verify that the turbine/governor and load control or active 
power/frequency control model and the model parameters, used in dynamic simulations 
that assess Bulk Electric System (BES) reliability, accurately represent generator unit real 
power response to system frequency variations. 
 
Applicability: 

• Generator Owners 
• Transmission Planners 

 
Reliability Standard MOD-027-1 includes five requirements and several tables.  MOD-
027-1 received a quorum of 86.68% and an approval rating of 74.27%. 
 
On May 30, 2013, NERC submitted a petition for approval of MOD-027-1 to the Federal 
Energy Regulatory Commission (“FERC”) and on March 20, 2014, FERC approved the 
standard.  
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PRC-019-1 To verify coordination of generating unit Facility or synchronous condenser 
voltage regulating controls, limit functions, equipment capabilities and Protection System 
settings.  
 
Applicability: 

• Generator Owners 
• Transmission Owners that own synchronous condenser(s) 

 
Reliability Standard PRC-019-1 includes two requirements and several diagrams.  PRC-
019-1 received a quorum of 85.87% and an approval rating of 73.63%. 
 
On May 30, 2013, NERC submitted a petition for approval of PRC-019-1 to the Federal 
Energy Regulatory Commission (“FERC”) and on March 20, 2014, FERC approved the 
standard. 
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PRC-024-1- Ensure Generator Owners set their generator protective relays such that  
generating units remain connected during defined frequency and voltage excursions. 
 
Applicability: 

• Generator Owners 
 
Reliability Standard PRC-024-1 includes four requirements and several tables.  PRC-024-
1 received a quorum of 78.16% and an approval rating of 60.31%. 
 
On May 30, 2013, NERC submitted a petition for approval of PRC-024-1 to the Federal 
Energy Regulatory Commission (“FERC”) and on March 20, 2014, FERC approved the 
standard. 
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EXHIBIT C 
 

 

Resource and Demand Balancing (BAL) 

BAL-001-1 Real Power Balancing Control Performance 

BAL-001-TRE-1 Primary Frequency Response in the ERCOT Region 

BAL-002-1 Disturbance Control Performance 

BAL-003-0.1b Frequency Response and Bias 

BAL-004-0 Time Error Correction 

BAL-004-WECC-01 Automatic Time Error Correction 

BAL-005-0.2b Automatic Generation Control 

BAL-006-2 Inadvertent Interchange 

BAL-502-RFC-02 Planning Resource Adequacy Analysis, Assessment and Documentation 

BAL-STD-002-0 Operating Reserves (WECC) 

Communications (COM ) 

COM-001-1.1 Telecommunications 

COM-002-2 Communications and Coordination 

Critical Infrastructure Protection (CIP) 

CIP-002-3 Cyber Security — Critical Cyber Asset Identification 

CIP-003-3 Cyber Security — Security Management Controls 

CIP-004-3a Cyber Security — Personnel & Training 

CIP-005-3a Cyber Security — Electronic Security Perimeter(s) 

CIP-006-3c Cyber Security — Physical Security of Critical Cyber Assets 

CIP-007-3a Cyber Security — Systems Security Management 

CIP-008-3 Cyber Security — Incident Reporting and Response Planning 

CIP-009-3 Cyber Security — Recovery Plans for Critical Cyber Assets 

Emergency Preparedness and Operations (EOP) 

EOP-001-2.1b Emergency Operations Planning 

EOP-002-3.1 Capacity and Energy Emergencies 

EOP-003-2 Load Shedding Plans 

EOP-004-2 Event Reporting 

EOP-005-2 System Restoration from Blackstart Resources 

EOP-006-2 System Restoration Coordination 

EOP-008-1 Loss of Control Center Functionality



 

 

 

Facilities Design, Connections, and Maintenance (FAC ) 

FAC-001-1 Facility Connection Requirements 

FAC-002-1 Coordination of Plans For New Generation, Transmission, and End-User Facilities 

FAC-003-1 Transmission Vegetation Management Program 

FAC-008-3 Facility Ratings 

FAC-010-2.1 System Operating Limits Methodology for the Planning Horizon 

FAC-011-2 System Operating Limits Methodology for the Operations Horizon 

FAC-013-2 Assessment of Transfer Capability for the Near-Term Transmission Planning 
Horizon 

FAC-014-2 Establish and Communicate System Operating Limits 

FAC-501-WECC-1 Transmission Maintenance 

Interchange Scheduling and Coordination (INT) 

INT-001-3 Interchange Information  

INT-003-3 Interchange Transaction Implementation 

INT-004-2 Dynamic Interchange Transaction Modifications 

INT-005-3 Interchange Authority Distributes Arranged Interchange 

INT-006-3 Response to Interchange Authority 

INT-007-1 Interchange Confirmation 

INT-008-3 Interchange Authority Distributes Status 

INT-009-1 Implementation of Interchange 

INT-010-1 Interchange Coordination Exemptions 

Interconnection Reliability Operations and Coordination (IRO) 

IRO-001-1.1 Reliability Coordination — Responsibilities and Authorities 

IRO-002-2 Reliability Coordination — Facilities 

IRO-003-2 Reliability Coordination — Wide-Area View 

IRO-004-2 Reliability Coordination — Operations Planning 

IRO-005-3.1a Reliability Coordination — Current Day Operations 

IRO-006-5 Reliability Coordination — Transmission Loading Relief (TLR) 

IRO-006-EAST-1 Transmission Loading Relief Procedure for the Eastern Interconnection 

IRO-006-TRE-1 IROL and SOL Mitigation in the ERCOT Region 

IRO-006-WECC-1 Qualified Transfer Path Unscheduled Flow (USF) Relief 



 

 

IRO-008-1 Reliability Coordinator Operational Analyses and Real-time Assessments 

IRO-009-1 Reliability Coordinator Actions to Operate Within IROLs 

IRO-010-1a Reliability Coordinator Data Specification and Collection 

IRO-014-1 Procedures, Processes, or Plans to Support Coordination Between Reliability 
Coordinators 

IRO-015-1 Notifications and Information Exchange Between Reliability Coordinators 

IRO-016-1 Coordination of Real-time Activities Between Reliability Coordinators 

Modeling, Data, and Analysis (MOD ) 

MOD-001-1a Available Transmission System Capability 

MOD-004-1 Capacity Benefit Margin 

MOD-008-1 Transmission Reliability Margin Calculation Methodology 

MOD-010-0 Steady-State Data for Modeling and Simulation of the Interconnected Transmission 
System 

MOD-012-0 Dynamics Data for Modeling and Simulation of the Interconnected Transmission 
System 

MOD-016-1.1 Documentation of Data Reporting Requirements for Actual and Forecast Demands, 
Net Energy for Load, and Controllable Demand-Side Management 

MOD-017-0.1 Aggregated Actual and Forecast Demands and Net Energy for Load 

MOD-018-0 Treatment of Nonmember Demand Data and How Uncertainties are Addressed in the 
Forecasts of Demand and Net Energy for Load 

MOD-019-0.1 Reporting of Interruptible Demands and Direct Control Load Management 

MOD-020-0 Providing Interruptible Demands and Direct Control Load Management Data to 
System Operators and Reliability Coordinators 

MOD-021-1 Documentation of the Accounting Methodology for the Effects of Demand-Side 
Management in Demand and Energy Forecasts 

MOD-028-2 Area Interchange Methodology 

MOD-029-1a Rated System Path Methodology 

MOD-030-2 Flowgate Methodology 

Nuclear (NUC) 

NUC-001-2.1 Nuclear Plant Interface Coordination 

Personnel Performance, Training, and Qualifications (PER ) 

PER-001-0.2 Operating Personnel Responsibility and Authority 

PER-003-1 Operating Personnel Credentials 

PER-004-2 Reliability Coordination — Staffing 



 

 

PER-005-1 System Personnel Training
 
 

Protection and Control (PRC) 

PRC-001-1.1 System Protection Coordination 

PRC-002-NPCC-01 Disturbance Monitoring 

PRC-004-2.1a Analysis and Mitigation of Transmission and Generation Protection System 
Misoperations 

PRC-004-WECC-1 Protection System and Remedial Action Scheme Misoperation 

PRC-005-1.1b Transmission and Generation Protection System Maintenance and Testing 

PRC-006-1 Automatic Underfrequency Load Shedding 

PRC-006-SERC-01 Automatic Underfrequency Load Shedding Requirements 

PRC-008-0 Implementation and Documentation of Underfrequency Load Shedding Equipment 
Maintenance Program 

PRC-010-0 Technical Assessment of the Design and Effectiveness of Undervoltage Load 
Shedding Program 

PRC-011-0 Undervoltage Load Shedding System Maintenance and Testing 

PRC-015-0 Special Protection System Data and Documentation 

PRC-016-0.1 Special Protection System Misoperations 

PRC-017-0 Special Protection System Maintenance and Testing 

PRC-018-1 Disturbance Monitoring Equipment Installation and Data Reporting 

PRC-021-1 Under-Voltage Load Shedding Program Data 

PRC-022-1 Under-Voltage Load Shedding Program Performance 

PRC-023-1 Transmission Relay Loadability 

PRC-023-2 Transmission Relay Loadability 

Transmission Operations (TOP) 

TOP-001-1a Reliability Responsibilities and Authorities 

TOP-002-2.1b Normal Operations Planning 

TOP-003-1 Planned Outage Coordination 

TOP-004-2 Transmission Operations 

TOP-005-2a Operational Reliability Information 

TOP-006-2 Monitoring System Conditions 

TOP-007-0 Reporting System Operating Limit (SOL) and Interconnection Reliability Operating 
Limit (IROL) Violations 



 

 

TOP-007-WECC-1 System Operating Limits 

TOP-008-1 Response to Transmission Limit Violations 

Transmission Planning (TPL) 

TPL-001-0.1 System Performance Under Normal (No Contingency) Conditions (Category A) 

TPL-002-0b System Performance Following Loss of a Single Bulk Electric System Element 
(Category B) 

TPL-003-0b System Performance Following Loss of Two or More Bulk Electric System Elements 
(Category C) 

TPL-004-0a System Performance Following Extreme Events Resulting in the Loss of Two or 
More Bulk Electric System Elements (Category D) 

Voltage and Reactive (VAR) 

VAR-001-3 Voltage and Reactive Control 

VAR-002-2b Generator Operation for Maintaining Network Voltage Schedules 

VAR-002-WECC-1 Automatic Voltage Regulators (AVR) 

VAR-501-WECC-1 Power System Stabilizer (PSS) 
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