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UNITED STATES OF AMERICA  
BEFORE THE  

FEDERAL ENERGY REGULATORY COMMISSION 

 

North American Electric Reliability 
  Corporation 

) 
) 

Docket No. _______ 
 

   
JOINT PETITION OF THE  

NORTH AMERICAN ELECTRIC RELIABILITY CORPORATION AND  
WESTERN ELECTRICITY COORDINATING COUNCIL FOR APPROVAL OF 

PROPOSED REGIONAL RELIABILITY STANDARD VAR-501-WECC-3 
 
 

 Pursuant to Section 215(d)(1) of the Federal Power Act (“FPA”)1 and Section 39.52 of the 

Federal Energy Regulatory Commission’s (“FERC” or “Commission”) regulations, the North 

American Electric Reliability Corporation (“NERC”)3 and the Western Electricity Coordinating 

Council (“WECC”) hereby submit proposed Regional Reliability Standard VAR-501-WECC-3 – 

Power System Stabilizers for Commission approval.  Regional Reliability Standard VAR-501-

WECC-3 establishes the performance criteria for power system stabilizers to help ensure the 

Western Interconnection is operated in a coordinated manner under normal and abnormal 

conditions.   

NERC requests that the Commission approve proposed Regional Reliability Standard 

VAR-501-WECC-3 (Exhibit A) and find that the proposed Regional Reliability Standard is just, 

reasonable, not unduly discriminatory or preferential, and in the public interest.4  NERC also 

requests approval of: (i) the associated Implementation Plan (Exhibit B) for the proposed Regional 

                                                 
1  16 U.S.C. § 824o (2012). 
2  18 C.F.R. § 39.5 (2016). 
3  The Commission certified NERC as the electric reliability organization (“ERO”) in accordance with 
Section 215 of the FPA on July 20, 2006.  N. Am. Elec. Reliability Corp., 116 FERC ¶ 61,062 (2006) (“ERO 
Certification Order”). 
4  Unless otherwise designated, all capitalized terms shall have the meaning set forth in the Glossary of Terms 
Used in NERC Reliability Standards, available at http://www.nerc.com/files/Glossary_of_Terms.pdf.  
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Reliability Standard; (ii) the associated Violation Risk Factors (“VRFs”) and Violation Severity 

Levels (“VSLs”) (Exhibits A and E); and (iii) the retirement of Regional Reliability Standard 

VAR-501-WECC-2.  The NERC Board of Trustees adopted proposed Regional Reliability 

Standard VAR-501-WECC-3 on February 9, 2017.   

 As required by Section 39.5(a)5 of the Commission’s regulations, this petition presents the 

technical basis and purpose of proposed Regional Reliability Standard VAR-501-WECC-3, 

including supporting technical documentation (Exhibits G and H); a demonstration that the 

proposed Regional Reliability Standard meets the criteria identified by the Commission in Order 

No. 6726 (Exhibit C); a mapping document illustrating how requirements from VAR-501-WECC-

2 map to the proposed requirements from VAR-501-WECC-2 (Exhibit D); and a summary of the 

development history (Exhibit F).   

 

I. EXECUTIVE SUMMARY 

Power System Stabilizers damp oscillations that can occur between geographic areas 

within the Western Interconnection and have played an important role in the stability of the 

Western Interconnection.  Over the past several decades, WECC and related working groups have 

developed policies and guidelines, conducted studies, and approved a Regional Reliability 

Standard to help manage power system stabilizer use in the Western Interconnection.  With the 

development of proposed Regional Reliability Standard VAR-501-WECC-3, WECC seeks to 

                                                 
5  18 C.F.R. § 39.5(a) (2016). 
6  The Commission specified in Order No. 672 certain general factors it would consider when assessing 
whether a particular Reliability Standard is just and reasonable. See Rules Concerning Certification of the Electric 
Reliability Organization; and Procedures for the Establishment, Approval, and Enforcement of Electric Reliability 
Standards, Order No. 672, FERC Stats. & Regs. ¶ 31,204, at P 262, 321-37, order on reh’g, Order No. 672-A, 
FERC Stats. & Regs. ¶ 31,212 (2006) (“Order No. 672”).  
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incorporate elements from its policies, guidelines, and lessons learned from studies into clarified, 

mandatory requirements. 

The purpose of proposed Regional Reliability Standard VAR-501-WECC-3 is to ensure 

the Western Interconnection is operated in a coordinated manner under normal and abnormal 

conditions by establishing the performance criteria for power system stabilizers.  Proposed 

Regional Reliability Standard VAR-501-WECC-3 includes requirements that address the 

following:  (1) providing Transmission Operators with procedures or other documents that inform 

the Transmission Operator of when a power system stabilizer will be out of service; (2) having the 

power system stabilizer in service at all times except during specific circumstances; (3) tuning 

power system stabilizers to stated criteria; (4) installing and completing start-up testing of a power 

system stabilizer; and (5) repairing or replacing a power system stabilizer within a specified time 

period. 

Proposed Regional Reliability Standard VAR-501-WECC-3 improves upon the existing 

standard by (1) focusing the in-service requirement on performance of the power system stabilizers 

rather than counting the hours they are online, (2) incorporating the power system stabilizer 

policies and guidelines into a mandatory standard, and (3) reducing administrative requirements 

with little benefit to reliability.  Development of the proposed standard followed Commission-

approved standards development processes and included subject matter experts with experience in 

power system stabilizers in the Western Interconnection.  As a result, WECC draws upon its long 

history with power system stabilizers in the Western Interconnection to present an improved 

standard. 

In this joint petition, NERC and WECC respectfully request the Commission approve 

proposed Regional Reliability Standard VAR-501-WECC-3, the associated VRFs and VSLs, the 

associated Implementation Plan, and the retirement of the existing Regional Reliability Standard 



 

4 
 

VAR-501-WECC-2.  The following petition presents the justification for approval and supporting 

documentation. 

II. NOTICES AND COMMUNICATIONS 

 Notices and communications with respect to this filing may be addressed to the 

following:7 

Sandy Mooy* 
Associate General Counsel 
Chris Albrecht* 
Legal Counsel 
Steve Rueckert* 
Director of Standards 
Western Electricity Coordinating Council 
155 North 400 West, Suite 200 
Salt Lake City, UT 84103 
(801) 582-0353 
smooy@wecc.biz 
calbrecht@wecc.biz 
steve@wecc.biz 
 
Counsel for the Western Electricity Coordinating 
Council 
 

Shamai Elstein* 
Senior Counsel  
Marisa Hecht* 
Counsel 
North American Electric Reliability Corporation 
1325 G Street, N.W., Suite 600 
Washington, D.C. 20005 
(202) 400-3000 
shamai.elstein@nerc.net  
marisa.hecht@nerc.net 
 
Counsel for the North American Electric 
Reliability Corporation 
 
 
 

III. BACKGROUND 

The following background information is provided below: (a) an explanation of the 

regulatory framework for NERC and Regional Reliability Standards; (b) an explanation of the 

WECC Regional Reliability Standards development process; (c) a discussion of the need for power 

system stabilizers in the Western Interconnection; and (d) the history of Project WECC-0107 

Power System Stabilizer Design and Performance. 

 

   

                                                 
7  Persons to be included on the Commission’s service list are identified by an asterisk. NERC respectfully 
requests a waiver of Rule 203 of the Commission’s regulations, 18 C.F.R. § 385.203 (2014), to allow the inclusion 
of more than two persons on the service list in this proceeding. 
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A. Regulatory Framework 

 By enacting the Energy Policy Act of 2005,8 Congress entrusted the Commission with the 

duties of approving and enforcing rules to ensure the reliability of the Nation’s Bulk-Power 

System, and with the duties of certifying an ERO that would be charged with developing and 

enforcing mandatory Reliability Standards, subject to Commission approval.  Section 215(b)(1)9 

of the FPA states that all users, owners, and operators of the Bulk-Power System in the United 

States will be subject to Commission-approved Reliability Standards.  Section 215(d)(5)10 of the 

FPA authorizes the Commission to order the ERO to submit a new or modified Reliability 

Standard.  Section 39.5(a)11 of the Commission’s regulations requires the ERO to file with the 

Commission for its approval each Reliability Standard that the ERO proposes should become 

mandatory and enforceable in the United States, and each modification to a Reliability Standard 

that the ERO proposes should be made effective.   

 The Commission has the regulatory responsibility to approve Reliability Standards that 

protect the reliability of the Bulk-Power System and to ensure that such Reliability Standards are 

just, reasonable, not unduly discriminatory or preferential, and in the public interest.  Pursuant to 

Section 215(d)(2) of the FPA 12  and Section 39.5(c) 13  of the Commission’s regulations, the 

Commission will give due weight to the technical expertise of the ERO with respect to the content 

of a Reliability Standard. 

                                                 
8  16 U.S.C. § 824o (2012). 
9  Id. § 824o(b)(1).  
10  Id. § 824o(d)(5). 
11  18 C.F.R. § 39.5(a) (2014). 
12  16 U.S.C. § 824o(d)(2). 
13  18 C.F.R. § 39.5(c)(1). 
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 Similarly, the Commission approves Regional Reliability Standards proposed by Regional 

Entities if the Regional Reliability Standard is just, reasonable, not unduly discriminatory or 

preferential, and in the public interest.14  In addition, Order No. 672 requires further criteria for 

Regional Reliability Standards.  A regional difference from a continent-wide Reliability Standard 

must either be:  (1) more stringent than the continent-wide Reliability Standard, or (2) necessitated 

by a physical difference in the Bulk-Power System.15  The Commission must give due weight to 

the technical expertise of a Regional Entity, like WECC, that is organized on an Interconnection-wide 

basis with respect to a Regional Reliability Standard to be applicable within that Interconnection.16 

B. WECC Regional Reliability Standards Development Process 

 The proposed Regional Reliability Standard was developed in an open and fair manner and 

in accordance with the Commission-approved WECC Reliability Standards Development 

Procedures. 17   In accepting NERC’s delegation agreements with the Regional Entities, the 

Commission found that NERC’s proposed common attributes for Regional Reliability Standard 

development and WECC’s Reliability Standards Development process provide for reasonable 

notice and opportunity for public comment, due process, openness, and a balance of interests in 

developing Reliability Standards and thus addresses certain of the criteria for approving Reliability 

Standards. 18   The development process is open to any person or entity that is an interested 

                                                 
14  Section 215(d)(2) of the FPA and 18 C.F.R. §39.5(a). 
15  Rules Concerning Certification of the Electric Reliability Organization; and Procedures for the 
Establishment, Approval, and Enforcement of Electric Reliability Standards, Order No. 672, FERC Stats. & Regs. ¶ 
31,204, at P 291, order on reh’g, Order No. 672-A, FERC Stats. & Regs. ¶ 31,212 (2006).   
16  Order No. 672 at P 344. 
17  Revisions to Delegation Agreement with Western Electricity Coordinating Council, Letter Order, Docket 
No. RR14-8-000 (Dec. 23, 2014) (approving revised WECC Reliability Standards Development Procedures), 
available at http://www.nerc.com/FilingsOrders/us/FERCOrdersRules/WECC%20Delegation%20Agreement.pdf; 
The WECC Reliability Standards Development Procedures are available at 
https://www.wecc.biz/Reliability/Reliability%20Standards%20Development%20Procedures%20-
%20FERC%20Approved%20Dec%2023%202014.pdf.  
18  Order Accepting ERO Compliance Filing, Accepting ERO/Regional Entity Delegation Agreements, and 
Accepting Regional Entity 2007 Business Plans, 119 FERC ¶ 61,060 at P 17 (2007). 

http://www.nerc.com/FilingsOrders/us/FERCOrdersRules/WECC%20Delegation%20Agreement.pdf
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stakeholder.  WECC considers the comments of all stakeholders, and a vote of stakeholders and 

the WECC Board of Directors is required to approve a Regional Reliability Standard.  Once the 

standard is approved by the WECC Board of Directors, NERC posts the approved Regional 

Reliability Standard for an additional comment period.  Then the NERC Board of Trustees must 

adopt the Regional Reliability Standard before the Regional Reliability Standard is submitted to 

the Commission for approval. 

C. Need for Power System Stabilizers in the Western Interconnection 

Power system stabilizers play an important role in the stability of the Western 

Interconnection.  Power system stabilizers are part of the automatic voltage regulation system of a 

generator and are designed to add or subtract torque to a generator with the goal of damping 

oscillations on the Western Interconnection’s Bulk Electric System (“BES”) that otherwise would 

be amplified if the automatic voltage regulator is operated alone.  Power system stabilizers within 

WECC were developed in the 1960s in response to power system oscillations on the Pacific Intertie 

within the Western Interconnection.  These oscillations occur at very low frequencies (<1 Hertz), 

are very lightly dampened, and became known as “inter-area modes” of oscillation because they 

occur when real power is transferred from one Western Interconnection geographic region to 

another (such as between the Pacific Northwest and the Southwest).  These modal oscillations are 

the result of a combination of many machines on one part of the Western Interconnection BES 

whose voltage support response to system fluctuations is not in phase with the response of 

machines on another part of the Western Interconnection BES. 
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Moreover, as the Commission recognized, the Western Interconnection possesses 

particular physical characteristics that justify interconnection-specific requirements.19  In Order 

No. 740, the Commission stated:  

[I]n the Western Interconnection a significant number of transmission paths are 
voltage or frequency stability-limited, in contrast to other regions of the [BES] 
where transmission paths more often are thermally-limited.  Disturbances resulting 
in a stability-limited transmission path overload, generally, must be responded to 
in a shorter time frame than a disturbance that results in a thermally-limited 
transmission path overload.  [FERC has also noted] its understanding that this 
physical difference is one of the reasons for the need for certain provisions of 
regional Reliability Standards in the Western Interconnection.20 
 
As a result of the Western Interconnection physical characteristics, WECC developed a 

Regional Reliability Standard, policies, and guidelines that address power system stabilizers.  With 

the development of proposed Regional Reliability Standard VAR-501-WECC-3, WECC provided 

additional clarity and incorporated the power system stabilizer policies and guidelines into one 

Regional Reliability Standard.  Proposed Regional Reliability Standard VAR-501-WECC-3 

addresses the unique characteristics of the Western Interconnection in one set of requirements that 

incorporate WECC’s long history with power system stabilizers. 

D. Development of Proposed Regional Reliability Standard 

As further described in Exhibit F hereto, proposed Regional Reliability Standard VAR-

501-WECC-3 was developed as part of Project WECC-0107 Power System Stabilizer Design and 

Performance to improve upon Regional Reliability Standard VAR-501-WECC-2.  On May 2, 

2016, the ninth draft of proposed Regional Reliability Standard VAR-501-WECC-3 received the 

requisite approval from the registered ballot body, with a weighted approval of 66.0 percent.  The 

WECC Board of Directors approved the standard on June 14, 2016 and subsequently approved the 

                                                 
19  Version One Regional Reliability Standard for Resource and Demand Balancing, Order No. 740, 133 
FERC ¶ 61,063 (2010) at P 23. 
20 Id. 
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standard to be submitted to the NERC Board of Trustees for adoption on September 21, 2016.  

NERC posted the standard for a 45-day comment period concluding on January 25, 2017.  There 

were no additional changes after this comment period.  The NERC Board of Trustees adopted the 

standard on February 9, 2017. 

 

IV. JUSTIFICATION FOR APPROVAL 

As discussed in detail in Exhibit C, proposed Regional Reliability Standard VAR-501-

WECC-3 – Power System Stabilizers is just, reasonable, not unduly discriminatory or preferential, 

and in the public interest.  As described more fully herein and in Exhibit C, the proposed Regional 

Reliability Standard provides reliability benefits for the Bulk-Power System in the WECC region.   

The purpose of proposed Regional Reliability Standard VAR-501-WECC-3 is to ensure 

the Western Interconnection is operated in a coordinated manner under normal and abnormal 

conditions by establishing the performance criteria for power system stabilizers.  The provisions 

of the proposed standard provide mandatory performance requirements for power system 

stabilizers in the Western Interconnection based on long-held policy in the WECC region.  The 

codification of this policy increases reliability by providing certainty around operating practices 

for power system stabilizers. 

The proposed standard includes requirements for providing power system stabilizer 

operating specifications to Transmission Operators (Requirement R1), having power system 

stabilizers in service during all hours unless specifically exempted (Requirement R2), tuning 

power system stabilizers to meet certain inter-area mode criteria (Requirement R3), installing 

power system stabilizers under specified circumstances occurring after the effective date of the 
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standard (Requirement R4), and repairing or replacing an existing power system stabilizer within 

24 months of the power system stabilizer becoming non-operational (Requirement R5).   

This section of the petition addresses: (i) the justification of the need for the Proposed 

Regional Reliability Standard; (ii) the existing WECC policies and guidelines on power system 

stabilizers on which the revised VAR-501-WECC-3 is based; (iii) the applicability of proposed 

Regional Reliability Standard VAR-501-WECC-3; (iv) the description and technical basis of the 

proposed requirements; and (v) the enforceability of the proposed standard.   

A. Justification for the Need for the Proposed Regional Reliability Standard 

In addition to the physical characteristics of the Western Interconnection that necessitate a 

Regional Reliability Standard addressing power system stabilizers, discussed above, proposed 

Regional Reliability Standard VAR-501-WECC-3 meets the criteria to justify the need for a 

Regional Reliability Standard as it is more stringent than the related continent-wide NERC 

Reliability Standard VAR-002-4.  Whereas NERC Reliability Standard VAR-002-4 only requires 

that a Generator Operator notify its Transmission Operator when it removes a power system 

stabilizer from service and does not limit the amount of time for operating generators without a 

power system stabilizer in service, proposed Regional Reliability Standard VAR-501-WECC-3 

requires power system stabilizers to be in service except for specific circumstances and for a 

limited time.  In addition, the proposed standard requires applicable entities to install power system 

stabilizers on generators following certain triggering events, which is not required by any 

continent-wide NERC Reliability Standard.  As power system stabilizers provide an additional 

stability support beyond that of an automatic voltage regulator alone, the proposed Regional 

Reliability Standard VAR-501-WECC-3 is more stringent than continent-wide standards by 

requiring the extra level of support.  Therefore, the proposed Regional Reliability Standard VAR-

501-WECC-3 is justified because it meets the criteria in Order No. 672 to be more stringent than 
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continent-wide Reliability Standards.  Entities that perform the functions to which the continent-

wide standards and the proposed Regional Reliability Standard apply need to comply with all 

applicable standards, so the proposed Regional Reliability Standard provides a level of support to 

the Western Interconnection in addition to the continent-wide standards. 

B. WECC Policy Statement on Power System Stabilizers 

 The standard drafting team based the requirements in proposed Regional Reliability 

Standard VAR-501-WECC-3 on long-held policy in the Western Interconnection.  This includes 

the WECC Policy Statement on Power System Stabilizers, the WECC Power System Stabilizer 

Tuning Guidelines, and the Criteria to Determine Excitation System Suitability for Power System 

Stabilizers in the Western Systems Coordinating Council (“WSCC”) System (Exhibit H).21   

Approved by the WECC Board of Directors on April 18, 2002, the WECC Policy 

Statement on Power System Stabilizers provides guidance on the types of generators that should 

have power system stabilizers, citing the December 1992 Criteria to Determine Excitation System 

Suitability for Power System Stabilizers in the WSCC System.  In addition, the WECC Policy 

Statement on Power System Stabilizers includes a reference to the WECC Power System Stabilizer 

Tuning Guidelines, which suggests minimum criteria needed to tune a power system stabilizer.  

Although not mandatory, the policy and referenced guidelines provided some direction to 

applicable entities in the Western Interconnection as to who should install power system 

stabilizers, how they should be tuned, and under what circumstances power system stabilizers 

could be out of operation.  In developing proposed Regional Reliability Standard VAR-501-

WECC-3, WECC expanded on the current Regional Reliability Standard VAR-501-WECC-2 to 

incorporate concepts from the WECC policies and guidelines, including applicability, installation, 

                                                 
21  WSCC became WECC in 2002 after merging with other regional transmission associations. 
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and tuning.  By incorporating the policies and guidelines into a mandatory standard, WECC will 

help to ensure that the concepts from the policies and guidelines are consistently implemented. In 

doing so, the Western Interconnection can derive the benefits of more broadly-installed power 

system stabilizers and bolster the reliability of the system. 

C. Applicability of Proposed Regional Reliability Standard VAR-501-WECC-3 – 
Power System Stabilizers  

Proposed Regional Reliability Standard VAR-501-WECC-3 is applicable to: (1) Generator 

Operators in the Western Interconnection that operate synchronous generators, connected to the 

BES, that meet the definition of Commercial Operation; and (2) Generator Owners in the Western 

Interconnection that own synchronous generators, connected to the BES, that meet the definition 

of Commercial Operation.22  In determining which generators should be subject to the proposed 

standard, the standard drafting team considered the WECC Policy Statement on Power System 

Stabilizers, included in Exhibit H hereto, and studies performed in the Western Interconnection on 

the applicability of power system stabilizers (“Applicability Study”), included in Exhibit G hereto. 

The WECC Policy Statement on Power System Stabilizers recommended that power 

system stabilizers be applied to units greater than 30 Mega Volt Amps (“MVAs”).  This threshold 

was based on a 1992 study, Criteria to Determine Excitation System Suitability for Power System 

Stabilizers in WSCC System, included in Exhibit H hereto.  The results of the Applicability Study 

indicated, however, that generating unit MVA rating is not directly proportional to its impact on 

damping of particular modes of oscillation and, as a result, did not specify a MVA rating that could 

be used in the proposed standard. As discussed below, the standards drafting team ultimately 

decided to rely on a generator’s connection to the BES to determine applicability. 

                                                 
22  “Commercial Operation” is a WECC Regional Term and is defined as “[a]chievement of this designation 
indicates that the Generator Operator or Transmission Operator of the synchronous generator or synchronous 
condenser has received all approvals necessary for operation after completion of initial start-up testing.” 
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More specifically, the Applicability Study found that several factors influence the 

effectiveness of power system stabilizers at any single point in time, and it is nearly impossible to 

determine the impact of a single unit.  As noted in the Applicability Study, the nature of system-

wide modes of oscillation and the effectiveness of individual generating units on these modes 

varies with the system topology and the instantaneous operating point conditions.  In some cases, 

the response of a particular unit may be of great importance to the overall system behavior, but in 

another case, have no impact.    As a result, entities in the Western Interconnection have installed 

power system stabilizers on synchronous generators across the system to provide sufficient 

stability support at any one time.     

Recognizing that broad use of power system stabilizers across the system provide stability 

support, the Applicability Study further looked into whether there was a MVA rating at which the 

damping effects of the power system stabilizer no longer benefited the system (Exhibit G).  The 

study concluded, as noted above, that generating unit MVA rating is not directly proportional to 

its impact on damping of particular modes of oscillation.  Stated simply, the Applicability Study 

concluded that there is no clear MVA rating threshold below which a power system stabilizer does 

not provide a benefit based on the data available.  However, the Applicability Study did note that 

a majority of power system stabilizers in the Western Interconnection are on synchronous 

generators greater than 75 MVA. 

Based on this study and the WECC policy, the standard drafting team determined that the 

standard should apply to any synchronous generator that connects to the BES and meets the 

definition of Commercial Operation.  Under the BES definition, a generating resource is 

considered part of the BES if it is connected at a voltage of 100 kilovolts or above with:  (1) gross 

individual nameplate rating greater than 20 MVA; or (2) gross plant/facility aggregate nameplate 
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rating greater than 75 MVA, unless excluded or exempted.23  In the absence of a clear MVA rating 

threshold for the benefits of power system stabilizers, using the BES definition as a bright line of 

applicability would help to ensure an appropriate number of synchronous generators would have 

power system stabilizers installed.  In fact, by using the BES definition as a threshold, the standard 

drafting team recognized that some generators previously excluded under the existing standard 

would be brought into scope because some generators that fell under the existing five percent 

operating hours exclusion would come in under the BES definition.  In addition, the BES definition 

is a natural cut off for applicability of NERC Reliability Standards as it represents the threshold 

for determining whether a facility could impact the reliable operation of the Bulk-Power System.  

Therefore, the applicability of the proposed Regional Reliability Standard supports reliability by 

providing a clear applicability threshold for generators, which helps to ensure that there is 

sufficient stability support in the Western Interconnection. 

D. Description and Technical Basis of Proposed Requirements 

Proposed Regional Reliability Standard VAR-501-WECC-3 revises the existing 

requirements in Regional Reliability Standard VAR-501-WECC-2 to incorporate existing WECC 

policies and guidelines on power system stabilizers, provide improved clarity on installation and 

tuning of power system stabilizers, and reduce administrative burdens that have little benefit to 

reliability.  The existing Regional Reliability Standard VAR-501-WECC-2 requires applicable 

entities to run power system stabilizers for 98 percent of operating hours, except under 12 specified 

conditions, obligating entities to log the number of operating hours of the synchronous generator.  

In contrast, the proposed Regional Reliability Standard VAR-501-WECC-3 requires applicable 

entities to have the power system stabilizer in service during all hours, unless specifically 

                                                 
23  The entire Bulk Electric Definition is in the Glossary of Terms Used in NERC Reliability Standards, 
available at http://www.nerc.com/pa/Stand/Glossary%20of%20Terms/Glossary_of_Terms.pdf. 



 

15 
 

exempted under Requirement R2, without the burdensome expectation that all operating hours 

must be logged.  In addition, Regional Reliability Standard VAR-501-WECC-3 added 

requirements to (1) notify Transmission Operators as to known circumstances when a power 

system stabilizer will be out of service; (2) tune the power system stabilizer to stated specifications; 

and (3) install and service power system stabilizers.   

The following sections discuss the proposed Requirements R1, R2, R3, R4, and R5.    

1. Requirement R1 

Proposed Requirement R1 requires a Generator Owner to provide to its Transmission 

Operator the Generator Owner’s written Operating Procedure or other document(s) describing 

those known circumstances during which the Generator Owner’s power system stabilizer will not 

be providing an active signal to the automatic voltage regulator.  Such procedures or documents 

must be provided within 180 days of any of the following events:  (1) the effective date of VAR-

501-WECC-3; (2) the power system stabilizer’s Commercial Operation date; or (3) any changes 

to the power system stabilizer operating specifications.  The intent of Requirement R1 is to provide 

the Transmission Operator awareness of the varying states of the power system stabilizer in a 

planning horizon, particularly to help ensure the Transmission Operator knows when the power 

system stabilizer is active and providing damping to the system.   

The standard drafting team selected 180 days to give time to develop the appropriate 

documents, if necessary, after the triggering factors.  For instance, if an entity just installed a power 

system stabilizer on a generator, the 180 days gives the Generator Owner time to complete start-

up testing and incorporate any operating specifications into the document that resulted from start-

up testing.  In addition, the Generator Operator must already provide more real-time status updates 

of the power system stabilizer to the Transmission Operator under Reliability Standard VAR-002-

4, Requirement R3, so the Transmission Operator would receive any status change notifications 
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while waiting to receive any operating documents required under proposed Requirement R1.  For 

purposes of notifying the Transmission Operator, the various states of the power system stabilizer, 

such as on, off, active, and non-active, would not constitute changes to the operating specifications 

as long as the power system stabilizer is operating according to the documentation provided to the 

Transmission Operator.  Proposed Requirement R1 provides a reliability benefit by incorporating 

a requirement in the planning horizon into the power system stabilizer standard.  By providing 

operating procedures or documents, proposed Requirement R1 improves reliability by 

supplementing the real-time reporting obligations of Reliability Standard VAR-002-4, 

Requirement R3 with planning horizon documents. 

2. Requirement R2 

Whereas proposed Requirement R1 addresses normal operating conditions, proposed 

Requirement R2 addresses exceptions to normal operation of power system stabilizers.  Proposed 

Requirement R2 requires Generator Operators to have their power system stabilizers in service 

while synchronized, except during any of the following: (1) component failure; (2) testing of a 

BES Element affecting or affected by the power system stabilizer; (3) maintenance, or (4) as agreed 

upon by the Generator Operator and the Transmission Operator.  This requirement only applies 

when the power system stabilizer has been out of service for a period greater than 30 minutes as 

such short-term incidents are unlikely to have any negative impact on the reliability of the BES.  

For instance, there is no reliability concern if there is a lag in the power system stabilizer becoming 

active the instant the generator is synchronized.  With the 30-minute allowance, there is time for 

synchronization and subsequent activation of the power system stabilizer.  To that end, a power 

system stabilizer may be out of service for 30 minutes or less, regardless of cause, without risking 

noncompliance with Requirement R2. 
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The intent of proposed Requirement R2 is to shift the focus from counting operating hours 

to requiring performance of power system stabilizers.  Under the existing standard, power system 

stabilizers can be out of service for two percent of the time for any reason.  In addition, under the 

existing version of the standard, there are twelve instances in which certain hours may be excluded 

from the in-service requirement beyond the two percent downtime.  The proposed Regional 

Reliability Standard narrows those exceptions.  Under Requirement R2, power system stabilizers 

may be out of service for 30 minutes or longer only in the following circumstances:  component 

failure, testing of certain Elements, maintenance, or when agreed upon by the Generator Operator 

and Transmission Operator.   

Proposed Requirement R2 improves upon the existing Requirement R2 by requiring power 

system stabilizers to be in service for 100 percent of the time except for the circumstances stated 

in the standards, whereas the existing standard only requires power system stabilizers to be in 

service 98 percent of operating hours except for the circumstances stated in the standard and for 

two percent of operating hours for any reason.  As a result, proposed Requirement R2 promotes 

reliability by allowing Generator Operators to focus on keeping the power system stabilizer in 

service, except for the stated reasons or by agreement, rather than counting the hours it is out of 

service and by increasing the amount of time required to be in service.  In addition, proposed 

Requirement R2 decreases an administrative burden that does little to promote reliability through 

eliminating the expectation to log hours of synchronous generator operation. 

3. Requirement R3 

Proposed Requirement R3 specifies inter-area mode criteria for tuning power system 

stabilizers.  The proposed requirement reads as follows: 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 
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3.1. PSS shall be set to provide the measured, simulated, or calculated 

compensated Vt/Vref frequency response of the excitation system and 
synchronous machine such that the phase angle will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or the 
highest frequency at which the phase of the Vt/Vref frequency response does 
not exceed 90 degrees. 

 
3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 

machine’s nominal terminal voltage. 
 
3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain. 
  
3.4. PSS washout time constant shall be no greater than 30 seconds. 
 
3.5. Units that have an excitation system or PSS that is incapable of meeting the 

tuning requirements of Requirement R3 are exempt from Requirement R3 
until the voltage regulator is either replaced or retrofitted such that the PSS 
becomes capable of meeting the tuning requirements. 

 
Proposed Requirement R3 drew from the WECC Power System Stabilizer Tuning 

Guidelines to determine tuning output criteria (Exhibit H).  In addition, the standard drafting team 

took a practical approach to setting the parameters in proposed Requirement R3.  Recognizing that 

proper tuning is important to power system stabilizer performance, the standard drafting team also 

considered how best to construct the criteria based on practical limitations and past experience.  

For instance, the standard drafting team noted in the Guideline and Technical Basis section that 

the proposed .2 Hertz to the lesser of 1 Hertz frequency range more closely aligns with observed 

oscillation frequencies in the Western Interconnection than the .1 Hertz included in the WECC 

Power System Stabilizer Tuning Guidelines.  Additionally, the standard drafting team considered 

real operating conditions when determining that the power system stabilizer gain is to be 1/3 and 

1/2 of the maximum practical gain that could be achieved during commissioning.  As detailed 

more fully in Exhibit G hereto, by using maximum practical gain that was achieved during 

commissioning as a measure, the standard drafting team took limiting factors that could occur in 

actual operations, such as noise, into account that may not be represented in simulations.  
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Therefore, proposed Requirement R3 promotes reliability by requiring tuning parameters that take 

practical considerations and unit variations into account. 

4. Requirement R4 

Proposed Requirement R4 requires Generator Owners to install and complete start-up 

testing of a power system stabilizer on a generator within 180 days of either of the following:  (1) 

the Generator Owner connects a generator to the BES, after achieving Commercial Operation, and 

after the effective date of VAR-501-WECC-3; or (2) the Generator Owner replaces the voltage 

regulator on its existing excitation system after achieving Commercial Operation for its generator 

that is connected to the BES and after the effective date of VAR-501-WECC-3. 

The intent behind proposed Requirement R4 was to provide specificity as to when a power 

system stabilizer should be installed and to provide a reasonable amount of time for 

commissioning.  As detailed in the mapping document in Exhibit D hereto, the standard drafting 

team concluded 180 days is a reasonable time for commissioning based on comments received and 

consultation with compliance staff.  The 180 days allows the Generator Owner to address some 

unforeseen circumstances that may delay commissioning, although the drafting team recognized 

that there may be other circumstances out of the entity’s control that may extend commissioning 

beyond 180 days.  The standard drafting team determined that it could not accommodate all 

unforeseen circumstances in a requirement and that 180 days was an appropriate balance of 

allowing some time for unforeseen circumstances while providing a clear timeframe.  All new 

synchronous generators connected to the BES are required to install power system stabilizers, but 

existing synchronous generators do not need to install a power system stabilizer until one of the 

triggering events listed in proposed Requirement R4.  In addition, the first bullet of proposed 

Requirement R4 is intended to only apply to initial connection to the BES. 
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5. Requirement R5 

Proposed Requirement R5 requires each Generator Owner to repair or replace a power 

system stabilizer within 24 months of that power system stabilizer becoming incapable of meeting 

the tuning specifications in Requirement R3.  The intent of proposed Requirement R5 is to address 

units that previously were working but no longer are capable.  In addition, the standard drafting 

team streamlined the approach towards repairs or replacements.  In the existing Regional 

Reliability Standard VAR-501-WECC-2, Requirement R1, Parts 1.8, 1.9, and 1.10 provide 

incremental repair timeframes, depending on the type of maintenance and documentation 

submitted, up to 24 months.  The 24-month timeframe originally was intended to accommodate 

procurement periods for replacing a power system stabilizer, which was based on entity 

experiences in WECC, and the Commission recognized the need for this timeframe. 24   The 

proposed Requirement R5 simply allows 24 months for repair or replacement, regardless of cause 

or documentation.  Therefore proposed Requirement R5 retains the maximum time period to 

accommodate procurement periods and eliminates the tiered approach from the current standard 

to streamline the requirement and reduce excess documentation needs. 

E. Enforceability of Proposed Regional Reliability Standard VAR-501-WECC-3 

The proposed Regional Reliability Standard includes VRFs and VSLs.  The VSLs provide 

guidance on the way that NERC will enforce the requirements of the proposed Regional Reliability 

Standard.  The VRFs are one of several elements used to determine an appropriate sanction when 

the associated requirement is violated.  The VRFs assess the impact to reliability of violating a 

specific requirement.  The VRFs and VSLs for the proposed Regional Reliability Standard 

comport with NERC and Commission guidelines related to their assignment.  For a detailed review 

                                                 
24  Version One Regional Reliability Standards for Facilities Design, Connections, and Maintenance; 
Protection and Control; and Voltage and Reactive, 135 FERC ¶ 61,061 (2011) at P 104. 
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of the VRFs, the VSLs, and the analysis of how the VRFs and VSLs were determined using these 

guidelines, please see Exhibit E. 

The proposed Regional Reliability Standard also includes measures that support each 

requirement by clearly identifying what is required and how the requirement will be enforced.  

These measures help ensure that the requirements will be enforced in a clear, consistent, and non-

preferential manner and without prejudice to any party.25  

 

V. EFFECTIVE DATE 

NERC respectfully requests that the Commission approve the proposed Regional 

Reliability Standard VAR-501-WECC-3 and the retirement of VAR-501-WECC-2 to become 

effective as set forth in the proposed Implementation Plan, provided in Exhibit B hereto.  The 

proposed effective date of the proposed Regional Reliability Standard is the first day of the first 

calendar quarter after the effective date of the applicable governmental authority’s order approving 

the standard, or as otherwise provided for by the applicable governmental authority.  The 

implementation plan provides, however, that for units placed in service prior to final regulatory or 

NERC Board of Trustees approval of the standard, Requirement R3 becomes effective five years 

after the effective date of the standard.  The drafting team determined that the additional time for 

certain units to comply with Requirement R3 is necessary as changing the tuning parameters on 

power system stabilizers does not need to occur for currently-operating units and could place a 

moderate to severe burden on the entity depending on its practices.  Units placed into service for 

                                                 
25  Order No. 672 at P 327 (“There should be a clear criterion or measure of whether an entity is in compliance 
with a proposed Reliability Standard. It should contain or be accompanied by an objective measure of compliance so 
that it can be enforced and so that enforcement can be applied in a consistent and non-preferential manner.”). 
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the first time after the effective date of the standard can tune the power system stabilizers to the 

parameters in proposed Requirement R3 during initial testing and start-up.  
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VI. CONCLUSION 

 For the reasons set forth above, NERC respectfully requests that the Commission 

approve:  

• the proposed Regional Reliability Standard VAR-501-WECC-3 in Exhibit A; 

• the other associated elements in the Reliability Standard in Exhibit A, including the 
VRFs and VSLs (Exhibits A and E);  

• the retirement of existing Regional Reliability Standard VAR-501-WECC-2; and 

• the Implementation Plan, included in Exhibit B.   
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A. Introduction 
1. Title: Power System Stabilizer (PSS) 

2. Number: VAR-501-WECC-3 

3. Purpose: To ensure the Western Interconnection is operated in a coordinated manner 
under normal and abnormal conditions by establishing the performance criteria for 
WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the Bulk 
Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

 
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, the Generator 
Owner’s written Operating Procedure or other document(s) describing those known 
circumstances during which the Generator Owner’s PSS will not be providing an active 
signal to the Automatic Voltage Regulator (AVR), within 180 days of any of the 
following events: [Violation Risk Factor: Low] [Time Horizon: Planning Horizon] 

• The effective date of this standard;  
• The PSS’s Commercial Operation date; or 
• Any changes to the PSS operating specifications. 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other document(s) 
describing those known circumstances during which the Generator Owner’s PSS will 
not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the Generator 
Owner only needs to provide the documentation to the Transmission Operator one 
time, or whenever the operating specifications change.  
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For auditing purposes, if a PSS is in service but is not providing an active signal to the 
AVR as described in Requirement R1, the disabled period does not count against the 
Requirement R2 mandate to be in service except as otherwise allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: Operating 
Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

A PSS that is out of service for less than 30 minutes does not create a violation 
of this Requirement, regardless of cause.  

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2. Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless otherwise 
exempted in Requirement R2. Evidence need only be provided to prove the 
circumstances during which the PSS was not in service for periods in excess of 30 
minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk Factor: 
Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated compensated 
Vt/Vref frequency response of the excitation system and synchronous machine 
such that the phase angle will not exceed ± 30 degrees through the frequency 
range from 0.2 Hertz to the lesser of 1.0 Hertz or the highest frequency at which 
the phase of the Vt/Vref frequency response does not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 
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3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements. 

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

If the exception under Requirement R3, Part 3.5, is claimed, the Generator Owner will 
have documented evidence describing: 1) the conditions that render the PSS incapable 
of meeting the tuning requirements, and 2) the date the voltage regulator was last 
replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk Factor: 
Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-up 
testing of a PSS on its generator within 180 days of either of the conditions described 
in Requirement R4, and when those conditions occur after the Effective Date of this 
standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment on its 
initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement R3. 
[Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS within 
24 months of that PSS becoming incapable of meeting the tuning specifications of 
Requirement R3. Evidence may include, but is not limited to, documentation of the 
date the PSS became incapable of meeting the Requirement R3 tuning specifications, 
and the date the PSS was returned to service, demonstrating that the span of time 
between the two events was less than 24 months. 
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C. Compliance 
1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.  

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
 

D. Regional Differences 
None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA 

 

NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.  

R2 Operations 
Assessment 

Medium  Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 30 minutes 
but less than 60 
minutes. 

Each Generator 
Operator not having its 
PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 60 minutes 
but less than 120 
minutes. 

Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 120 
minutes but less than 
180 minutes. 

Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 180 
minutes. 

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.  

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.  
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
Requirement R4. 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.  
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Version History 
 

Version Date Action Change Tracking 

1 April 16, 2008 Permanent Replacement 
Standard for VAR-STD-002b-1  

1 October 28, 2008 Adopted by NERC Board of 
Trustees  

1 April 21, 2011 

FERC Order issued approving 
VAR- 
501-WECC-1 (FERC approval 
effective June 27, 2011; 
Effective Date July 1, 2011) 

 

2 November 13, 2014 Adopted by NERC Board of 
Trustees  

2 March 3, 2015 FERC letter order approved 
VAR-501-WECC-2  

3 September 21, 2016 
WECC Board of Directors 
approved proposed VAR-501-
WECC-3 

Revised in-service 
requirement and 
incorporated WECC 
policies 

3 February 9, 2017 Adopted by NERC Board of 
Trustees  
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection to provide the required system damping while still allowing for some of these 
units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
  
Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of 
a PSS solely because a PSS is not currently installed as of the Effective Date of this RRS. Rather, 
installation is only mandated on the occurrence of either of the triggering events described in 
Requirement R4, Bullet 1 or Bullet 2, after the Effective Date of the RRS. 
 
It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active. As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner, the PSS operating zone in 
which the PSS is “active” providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band. A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.  

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
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98% in-service requirement. Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
 
Requirement R3 
 
Nothing in this RSS should be construed to mandate the design criteria for the equipment used 
to produce the tuning output of the PSS. Rather, Requirement R3 is intended to address the 
design criteria for the tuning output of the PSS. 
 
Unlike the language in Requirement R5 that looks backward to address units that were once 
operating but are no longer capable of operating, Requirement R3 looks forward, requiring that 
units be tuned to the specified parameters.  

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold. The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 (10 dB) and 1/2 (6 dB) of the maximum practical gain that 
could be achieved during PSS commissioning. The maximum practical gain might be associated 
with the excessive noise or raised higher-frequency oscillations in the closed loop response 
(exciter mode) or any other form if there is inadequate closed-loop performance, as 
determined during PSS commissioning. It is now part of Measure M3 to show the field test 
results that led to the determination of the maximum practical gain. 
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Requirement R4 
 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units. This Requirement 
applies to new excitation systems and not to existing systems that do not have PSS. The 
Requirement also allows a reasonable amount of time for the commissioning of new PSS. 
 
Requirement R5 
 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable. Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure. A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written. Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS. It is recognized that in some instances, it may require 
(1) replacement of an AVR, and (2) the existence of a PSS, or both the AVR and the PSS may 
need to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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A. Introduction 
1.  1.  Title:  Power System Stabilizer (PSS) 

 
 2.  Number:  VAR-501-WECC-2 
 

2. 3.   

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated manner 
under normal and abnormal conditions by establishing the performance criteria for 
WECC power system stabilizers. 

4. Applicability: 

that Power System Stabilizers (PSS) on 4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous   generators shall be kept in service., 
connected to the Bulk Electric System, that meet the definition of Commercial 
Operation.  

 
1.  4.  Applicability: 

 
4.1. Generator Operators 

 
6.  5.  Effective Date: On the The first day of the first quarter, following 

regulatory approval, except for Requirement R3. 

For units placed in first-time service after applicable regulatory          
approval., Requirement R3 is effective the first day of the first quarter following final 
regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

 
B. Requirements and Measures 

 R1. Each Generator Owner shall provide to its Transmission Operator, the Generator 
Owner’s written Operating Procedure or other document(s) describing those known 
circumstances during which the Generator Owner’s PSS will not be providing an active 
signal to the Automatic Voltage Regulator (AVR), within 180 days of any of the 
following events: [Violation Risk Factor: Low] [Time Horizon: Planning Horizon] 

• The effective date of this standard;  
• The PSS’s Commercial Operation date; or 
• Any changes to the PSS operating specifications. 
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M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other document(s) 
describing those known circumstances during which the Generator Owner’s PSS will 
not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the Generator 
Owner only needs to provide the documentation to the Transmission Operator one 
time, or whenever the operating specifications change.  
For auditing purposes, if a PSS is in service but is not providing an active signal to the 
AVR as described in Requirement R1, the disabled period does not count against the 
Requirement R2 mandate to be in service except as otherwise allowed. 

R2. Each Generator OperatorR1. Generator Operators shall have PSS in service 
98% of all operating hours   for synchronous generators equipped with PSS.  
Generator Operators may   exclude hours for R1.1 through R1.12 to 
achieve the 98% requirement.   its PSS in service while synchronized, 
except during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
OperationsOperating Assessment] 

 

•   R1.1. The Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

A PSS that is out of service for less than 30 minutes does not create a violation 
of this Requirement, regardless of cause.  

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2. Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless otherwise 
exempted in Requirement R2. Evidence need only be provided to prove the 
circumstances during which the PSS was not in service for periods in excess of 30 
minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk Factor: 
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Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated compensated 
Vt/Vref frequency response of the excitation system and synchronous machine 
such that the phase angle will not exceed ± 30 degrees through the frequency 
range from 0.2 Hertz to the lesser of 1.0 Hertz or the highest frequency at which 
the phase of the Vt/Vref frequency response does not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements. 

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

If the exception under Requirement R3, Part 3.5, is claimed, the Generator Owner will 
have documented evidence describing: 1) the conditions that render the PSS incapable 
of meeting the tuning requirements, and 2) the date the voltage regulator was last 
replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator operates for less than five percent of all    hours during 
any calendar quarter.within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

 
  R1.2. Performing maintenance and testing up to a maximum of seven  
   calendar days per calendar quarter. 
 
  R1.3. PSS exhibits instability due to abnormal system configuration. 
 
  R1.4. Unit is operating in the synchronous condenser mode (very near zero 
   real power level). 
 
  R1.5. Unit is generating less power than its design limit for effective PSS   
   operation. 
 
  R1.6. Unit is passing through a range of output that is a known “rough zone” 
   (range in which a hydro unit is experiencing excessive vibration). 
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  R1.7. The Generator Owner connects a generator AVR is not in service. 
 
  R1.8. Due to component failure, the PSS may be out of service up to 60  
   consecutive days for repair per incident. 
 
  R1.9. Due to a component failure, the PSS may be out of service up to one 
   year provided the Generator Operator submits documentation  
   identifying the need for time to obtain replacement parts and if  
   required to schedule an outage. 
 
  R1.10.  Due to a component failure, the PSS may be out of service up to 24 
   months provided the Generator Operator submits documentation 
   identifying the need for time for PSS replacement and to schedule an 
   outage. 
 

•   R1.11. The synchronous generator has not achievedto the BES, 
after achieving Commercial Operation, and after the Effective Date of this 
standard. 

 
•   R1.12. The Transmission Operator directs the Generator Operator 

to    operate the synchronousOwner replaces the voltage 
regulator on its existing excitation system, after achieving Commercial 
Operation for its generator that is connected to the BES, and after the 
Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-up 
testing of a PSS is unavailable    for on its generator within 180 days 
of either of the conditions described in Requirement R4, and when those conditions 
occur after the Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment on its 
initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement R3. 
[Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS within 
24 months of that PSS becoming incapable of meeting the tuning specifications of 
Requirement R3. Evidence may include, but is not limited to, documentation of the 
date the PSS became incapable of meeting the Requirement R3 tuning specifications, 
and the date the PSS was returned to service, demonstrating that the span of time 
between the two events was less than 24 months. 
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C.Measures 

 M1. Generators Operators shall provide quarterly reports to the compliance  
  monitor and have evidence for each synchronous generator of the following: 
 
  M1.1 The number of hours the synchronous generator was on line. 
 
  M1.2 The number of hours the PSS was out of service with generator on  
   line. 
 
  M1.3 The PSS in service percentage 
 
  M1.4 If excluding PSS out of service hours as allowed in R1.1  
   through R1.12, provide: 
 
   M1.4.1   The number of hours excluded,  
 
   M1.4.2   The adjusted PSS in-service percentage, 
 
   M1.4.3   Date of the outage. 

D. Compliance 
 1. Compliance Monitoring Process 

 1.1 Compliance Monitoring Responsibility 
   Compliance Enforcement Authority 

 
 NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.  

1.2 Compliance Monitoring Periodand Assessment Processes  

 

•    Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Enforcement Authority may use one or more of the   
  following methods to assessInvestigations 

• Self-Reporting 

• Complaints  
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1.3  Evidence Retention  

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

 
   - Reports submitted quarterly 
 
   - Spot check audits conducted anytime with 30 days notice 
 
   - Periodic audit as scheduled by the Compliance Enforcement   
     Authority 
 
   - Investigations 
 
   - Other methods as provided for in the Compliance Monitoring   
     Enforcement Program 
 
   The Reset Time Frame shall be a calendar quarter. 
 
 1.3 Data Retention 
 

TheEach Generator OperatorsOperator shall keep evidence for Measures M1 forall 
Requirements of the document for a period of three years plus calendar current 
year, or since the last audit, whichever is longer. 

 
 1.4  Additional Compliance Information 

None 
 

 1.4.1 The sanctions shall be assessed on a calendar quarter basis. 
 
 1.4.2 If any of R1.2 through R1.12 continues from one quarter to 
  another, the number of days accumulated will be the  
  contiguous calendar days from the beginning of the incident 
  to the end of the incident. For example, in R1.8 if the 60 day 
  repair period goes beyond the end of a quarter, the repair  
  period does not reset at the beginning of the next quarter. 
 
 1.4.3 When calculating the adjusted in-service percentage, the PSS 
  out of service hours do not include the time associated with 
  R1.1 through R1.12. 
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 1.4.4 The standard shall be applied on a generating unit by  
  generating unit basis (a Generator Operator can be subject to 
  a separate sanction for each non- compliant synchronous  
  generating unit or to a single sanction for multiple machines 
  that operate as one unit). 

ED. Regional Differences 
 None 
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None 
 
 
 
 
 

Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA 

 

NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.  

R1
R2 

Operational
Operations 
Assessment  

Medium  There shall be a Lower 
Level of non-
compliance if PSS is in 
service less than 98% 
but at least 90% or 
more of all hours 
during which the 
synchronous 
generating unit is on 
line for each calendar 
quarter. 
Each Generator 
Operator not having 
its PSS in service while 

There shall be a 
Moderate Level of non-
compliance if PSS is in 
service less than 90% 
but at least 80% or 
more of all hours 
during which the 
synchronous 
generating unit is on 
line for each calendar 
quarter. 
Each Generator 
Operator not having its 
PSS in service while 

There shall be a High 
Level of non-
compliance if is in 
service less than 80% 
but at least 70% or 
more of all hours 
during which the 
synchronous 
generating unit is on 
line for each calendar 
quarter. 
Each Generator 
Operator not having 
its PSS in service while 

There shall be a 
Severe Level of 
non-compliance if 
PSS  is  in  service  
less  than  70% of  
all  hours  during  
which  the 
synchronous 
generating unit is 
on line for each 
calendar quarter. 
Each Generator 
Operator not having 
its PSS in service while 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

synchronized in 
accordance with 
Requirement R2, for 
more than 30 minutes 
but less than 60 
minutes. 

synchronized in 
accordance with 
Requirement R2, for 
more than 60 minutes 
but less than 120 
minutes. 

synchronized in 
accordance with 
Requirement R2, for 
more than 120 
minutes but less than 
180 minutes. 

synchronized in 
accordance with 
Requirement R2, for 
more than 180 
minutes. 

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.  

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.  

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
Requirement R4. 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

required in 
Requirement R5.  
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection to provide the required system damping while still allowing for some of these 
units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
  
Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of 
a PSS solely because a PSS is not currently installed as of the Effective Date of this RRS. Rather, 
installation is only mandated on the occurrence of either of the triggering events described in 
Requirement R4, Bullet 1 or Bullet 2, after the Effective Date of the RRS. 
 
It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active. As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner, the PSS operating zone in 
which the PSS is “active” providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band. A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.  

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
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98% in-service requirement. Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
 
Requirement R3 
 
Nothing in this RSS should be construed to mandate the design criteria for the equipment used 
to produce the tuning output of the PSS. Rather, Requirement R3 is intended to address the 
design criteria for the tuning output of the PSS. 
 
Unlike the language in Requirement R5 that looks backward to address units that were once 
operating but are no longer capable of operating, Requirement R3 looks forward, requiring that 
units be tuned to the specified parameters.  

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold. The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 (10 dB) and 1/2 (6 dB) of the maximum practical gain that 
could be achieved during PSS commissioning. The maximum practical gain might be associated 
with the excessive noise or raised higher-frequency oscillations in the closed loop response 
(exciter mode) or any other form if there is inadequate closed-loop performance, as 
determined during PSS commissioning. It is now part of Measure M3 to show the field test 
results that led to the determination of the maximum practical gain. 
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Requirement R4 
 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units. This Requirement 
applies to new excitation systems and not to existing systems that do not have PSS. The 
Requirement also allows a reasonable amount of time for the commissioning of new PSS. 
 
Requirement R5 
 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable. Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure. A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written. Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS. It is recognized that in some instances, it may require 
(1) replacement of an AVR, and (2) the existence of a PSS, or both the AVR and the PSS may 
need to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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Standard Authorization Request 
 
WECC-0107 VAR-501-WECC-2 SAR Form - Reformatted1 
 
Applicable Standards 
VAR-501-WECC-3 - Power System Stabilizers (PSS)  
 
Requested Retirements 

• VAR-501-WECC-2 - Power System Stabilizer 
• This standard is based on the WECC Policy Statement on Power System Stabilizers 

(Policy). That document is owned by the WECC Control Work Group. Although it is 
outside of the purview of the assigned drafting team, the drafting team recommended 
that the assigned WECC Standing Committee initiate retirement of the Policy coincident 
with the effective date of this standard.  

 
Applicable Entities2 

• Generator Operator 
• Generator Owner 

 
Conforming Changes to Other Standards 

N/A 
 
Effective Date  
Where approval by an applicable governmental authority is required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 
quarter after the effective date of the applicable governmental authority’s order approving the 
standard, or as otherwise provided for by the applicable governmental authority.  
 
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. 
For units placed in service prior to final regulatory approval, Requirement R3 shall become 
effective the first day of the first calendar quarter that is five years after the effective date of 
the applicable governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 

                                            
1 Version 2 was the incoming designation. It was changed to Version 3 as the project was developed.  
2 The applicable entities changed after receipt of the Standard Authorization Request. 

https://www.wecc.biz/Reliability/WECC-0107%20PSS%20Design%20and%20Performance%20Standard%20Authorization%20Request.pdf
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quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction. 
 
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the date the standard is adopted by the NERC Board of Trustees, or as otherwise provided for in 
that jurisdiction. 
 
For units placed in service prior to final regulatory approval, Requirement R3 shall become 
effective the first day of the first calendar quarter that is five years after the standard is 
adopted by the NERC Board of Trustees. 
 
Retirement Date 
Regional Reliability Standard VAR-501-WECC-2 should be retired to coincide with the effective 
date of VAR-501-WECC-3 in the particular jurisdiction in which the revised standard is becoming 
effective. (See above comment regarding retirement of the WECC Policy Statement on Power 
System Stabilizers.)  
 
Justification 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  
Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity. The tiered implementation of Requirement R3 reduces the burden by 
allowing entities to address the Requirement over a longer period of time.  
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and set-up. As such, immediate compliance with Requirement R3 for new units should impose 
no undue burden. Many of the units already in service are currently and adequately tuned to 
pre-Requirement R3 parameters and need not be immediately revisited. The five-year 
applicability date for those units already in service lessens the burden while targeting a uniform 
tuning across the Western Interconnection.  
 
Consideration of Early Compliance 
 
Early compliance should impose no negative impacts. Because many of the Requirements are 
based on existing WECC guidelines, many Applicable Entities within WECC will already be in 
voluntary compliance. 
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NERC is responsible for ensuring that the Reliability Standards, Violation Risk Factors (VRF), 
Violation Severity Levels (VSL), definitions, Variances, and Interpretations developed by drafting 
teams are developed in accordance with NERC processes. They must also meet NERC’s 
benchmarks for Reliability Standards, as well as criteria for governmental approval. 
 
In FERC Order No. 672,1 the Federal Energy Regulatory Commission (FERC) identified a number 
of criteria that it will use to analyze Reliability Standards proposed for approval to ensure they 
are just, reasonable, not unduly discriminatory or preferential, and in the public interest. The 
discussion below identifies these factors, and explains how the proposed Regional Reliability 
Standard has met or exceeded the criteria: 

1. Proposed reliability standards must be designed to achieve a specified reliability goal. 

The proposed Reliability Standard must address a reliability concern that falls 
within the requirements of section 215 of the Federal Power Act. That is, it must 
provide for the reliable operation of Bulk-Power System facilities.  It may not 
extend beyond reliable operation of such facilities or apply to other facilities.  
Such facilities include all those necessary for operating an interconnected 
electric energy transmission network, or any portion of that network, including 
control systems.  The proposed Reliability Standard may apply to any design of 
planned additions or modifications of such facilities that is necessary to provide 
for reliable operation. It may also apply to Cybersecurity protection. Order No. 
672 at P 321. 

 
NERC Reliability Principles - “NERC Reliability Standards are based on certain 
reliability principles that define the foundation of reliability for North American 
bulk power systems.  Each reliability standard shall enable or support one or 
more of the reliability principles, thereby ensuring that each standard serves a 
purpose in support of reliability of the North American bulk power systems.” 
 
NERC Reliability Principle 1 states: “Interconnected bulk power systems shall be 
planned and operated in a coordinated manner to perform reliably under normal 
and abnormal conditions as defined in the NERC Standards.”2  
 

                                                 
1 http://www.nerc.com/files/final_rule_reliability_Order_672.pdf  

2 http://www.nerc.com/files/Reliability_Principles.pdf 

http://www.nerc.com/files/final_rule_reliability_Order_672.pdf
http://www.nerc.com/files/Reliability_Principles.pdf
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The Purpose of VAR-501-WECC-3 is “to ensure the Western 
Interconnection is operated in a coordinated manner under normal and 
abnormal conditions by establishing the performance criteria for WECC 
power system stabilizers.” 

2. Proposed reliability standards must contain a technically sound method to achieve the 
goal. 

The proposed Reliability Standard must be designed to achieve a specified 
reliability goal and must contain a technically sound means to achieve this goal.  
Although any person may propose a topic for a Reliability Standard to the ERO, in 
the ERO’s process, the specific proposed Reliability Standard should be 
developed initially by persons within the electric power industry and community 
with a high level of technical expertise and be based on sound technical and 
engineering criteria.  It should be based on actual data and lessons learned from 
past operating incidents, where appropriate.  The process for ERO approval of a 
proposed Reliability Standard should be fair and open to all interested persons. 
Order No. 672 at P 324. 
 

Standard Development 
 

The proposed standard was developed using the NERC and WECC 
Standards development processes that were approved by FERC and in 
effect at each point in the process. Among other things, these processes 
include drafting of the standard by a drafting team composed of subject 
matter experts (SME). Biographies of those SMEs are provided with this 
filing.   
 
These processes also include repeated public iterative 
comment/response cycles whereby comments are received from the 
industry and responses to those comments are provided by the drafting 
team.     
 
Technically Sound 
 
A technical review of the PSS tuning specifications is provided in Attachment F of 
this filing, WECC-0107 VAR-501-WECC-3 Power System Stabilizers, Use of 
Minimum-Load for Tuning In Proposed Requirement R3, WECC-0107 Drafting 
Team (DT), Kestrel Consulting, Mr. Leo Lima, Kestrel Consulting, July 2, 2015.   
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A technical review of the applicability threshold is addressed in Attachment F1 of 
this filing, Power System Stabilizer Applicability in the WECC System, Study 
Progress Report to WECC-0107 Drafting Team, Shawn Patterson of the United 
States Bureau of Reclamation, April 2014.    

Lessons Learned 

PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator 
and are designed to add or subtract torque to a generator with the goal of 
damping oscillations on the WECC Interconnection’s Bulk Electric System (BES) 
that otherwise would be amplified if the AVR is operated by itself.  

PSSs within WECC (originally called Supplementary Control Systems) were 
developed in the 1960s in response to power system oscillations on the Pacific 
Intertie within the Western Interconnection.  These oscillations occur at very low 
frequencies (<1 hertz), are very lightly dampened, and became known as “inter-
area modes” (modes) of oscillation because they occurred when real power was 
transferred from one Western Interconnection geographic region to another 
(such as between the Pacific Northwest and the Southwest). 

These modal oscillations are the result of a combination of many machines on 
one part of the Western Interconnection BES whose voltage support response to 
system fluctuations is not in phase with the response of machines on another 
part of the Interconnection’s BES.   

WECC Physical Characteristics 

The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. RM09-
15-000, P23, noted that “in the Western Interconnection a significant number of 
transmission paths are voltage or frequency stability-limited, in contrast to other 
regions of the [BES] where transmission paths more often are thermally-limited. 
Disturbances resulting in a stability-limited transmission path overload, 
generally, must be responded to in a shorter time frame than a disturbance that 
results in a thermally-limited transmission path overload. [FERC has also noted] 
its understanding that this physical difference is one of the reasons for the need 
for certain provisions of regional Reliability Standards in the Western 
Interconnection.”  

When coupled with generator operations within WECC, these physical 
characteristics create modal oscillations, that when not corrected by the 
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installation and accurate operation of PSS, could contribute to instability within 
the WECC Interconnection.  

3. Proposed reliability standards must be applicable to users, owners, and operators of 
the bulk power system, and not others. 

The proposed Reliability Standard may impose a requirement on any user, 
owner, or operator of such facilities, but not on others.  Order No. 672 at P 322. 

VAR-501-WECC-3 complies with Order 672 in that it applies to the Generator 
Operator and the Generator Owner.   
 

4. Proposed reliability standards must be clear and unambiguous as to what is required 
and who is required to comply. 

The proposed Reliability Standard should be clear and unambiguous regarding 
what is required and who is required to comply.  Users, owners, and operators of 
the Bulk-Power System must know what they are required to do to maintain 
reliability. Order No. 672 at P 325. 

VAR-501-WECC-3 complies with Order 672 in that it applies to the Generator 
Operator and the Generator Owner and specifically states the task(s) each of 
those entities is required to perform.  
 
The proposed standard requires the Generator Owner to: 1) inform the 
applicable entities as to the known circumstances when a power system 
stabilizer (PSS) will be out-of-service (R1), 2) tune the PSS to stated specifications 
(R3), and 3) establish installation (R4) and servicing criteria (R5) for the PSS. 
 
The proposed standard requires the Generator Operator to have the PSS 
in-service unless otherwise specified (R2). 
 

5. Proposed reliability standards must include clear and understandable consequences 
and a range of penalties (monetary and/or non-monetary) for a violation. 

The possible consequences, including range of possible penalties, for violating a 
proposed Reliability Standard should be clear and understandable by those who 
must comply. Order No. 672 at P 326. 
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Violation Risk Factors 
 
The WECC-0107 VAR-501-WECC-3 - Power System Stabilizer Drafting 
Team (DT) used the NERC-provided guidance document for Violation Risk 
Factors (VRF) to determine the VRF for each requirement.  Based on the 
guidance document, the DT assigned a low VRF to Requirement R1 
because the requirement is administrative in nature addressing the 
planning horizon.  A violation of the requirement would not—under the 
emergency, abnormal, or restorative conditions anticipated by the 
preparations—be expected to adversely affect the electrical state or 
capability of the Bulk Electric System (BES), or the ability to effectively 
monitor, control, or restore the BES. 
 
All other requirements were assigned a medium VRF. 
 
The remaining requirements address the operational horizon.  If violated, 
they could directly affect the electrical state or the capability of the BES, 
or the ability to effectively monitor and control the BES.  However, 
violation of these medium-risk requirements is unlikely to lead to BES 
instability, separation, or cascading failures. 
  
Violation Severity Level (VSL) 
   
The DT used the NERC-provided guidance document for VSLs to 
determine the VSL for each requirement.  Based on the guidance 
document, the DT assigned a severe VSL to Requirements R1, R4 and R5, 
because the requirements are binary in nature, that is a “pass or fail” 
type requirement where any degree of noncompliant performance would 
result in totally or mostly missing the reliability intent of the 
Requirements.  
 
For each of the remaining Requirements, the DT assigned a gradated 
performance schedule with each requirement being assigned four 
increasing tiers for non-compliance.  In each case the DT concluded that 
partial performance would have some reliability-related value. 
 
The VSL for Requirement R2 is based on the passage of time.  The longer 
a Generator Operator leaves its power system stabilizer out of service, 
the greater the VSL becomes. 
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The VSL for Requirement R3 is based on the cumulative number of times 
the Generator Owner failed to meet the prescribed performance.  Each 
piece of the prescribed performance contributes equally to the reliability-
related objective; therefore, the VSL was uniformly applied for each 
piece.  

6. Proposed reliability standards must identify clear and objective criterion or measure 
for compliance, so that it can be enforced in a consistent and non-preferential 
manner. 

There should be a clear criterion or measure of whether an entity is in 
compliance with a proposed Reliability Standard.  It should contain or be 
accompanied by an objective measure of compliance so that it can be enforced 
and so that enforcement can be applied in a consistent and non-preferential 
manner. Order No. 672 at P 327. 
 

Each proposed requirement has a corresponding measure stating the 
objective evidence required to illustrate compliance.   

7. Proposed reliability standards should achieve a reliability goal effectively and 
efficiently - but does not necessarily have to reflect “best practices” without regard to 
implementation cost. 

The proposed Reliability Standard does not necessarily have to reflect the 
optimal method, or “best practice,” for achieving its reliability goal without 
regard to implementation cost or historical regional infrastructure design. It 
should however achieve its reliability goal effectively and efficiently. Order No. 
672 at P 328. 
 

The proposed standard was posted eight times for comment. Each time, 
the industry was invited to provide comments on all aspects of the 
document. Cost concerns were raised by PPL Montana in Posting 1.  In 
response, the DT reassured PPL that the standard would not apply to all 
units; it would only apply to those impacting the BES.  In the following 
seven postings the DT received no comments regarding costs.  

8. Proposed reliability standards cannot be “lowest common denominator,” i.e., cannot 
reflect a compromise that does not adequately protect bulk power system reliability. 



 
Order 672 Criteria 

WECC-0107 Power System Stabilizer 
VAR-501-WECC-3 

7 | P a g e  
 

The proposed Reliability Standard must not simply reflect a compromise in the 
ERO’s Reliability Standard development process based on the least effective 
North American practice — the so-called “lowest common denominator” — if 
such practice does not adequately protect Bulk-Power System reliability.  
Although the Commission will give due weight to the technical expertise of the 
ERO, we will not hesitate to remand a proposed Reliability Standard if we are 
convinced it is not adequate to protect reliability. Order No. 672 at P 329. 

 
The proposed standard takes the existing standard and builds on its 
strengths.  The existing standard has but one requirement calling for a 
PSS to be in-service for 98% of the time.  The spirit of the requirement is 
retained but redrafted so the applicable entities no longer have to count 
each hour but are still required to keep the PSS in-service. 
 
In addition to retention of the in-service requirement, the proposed 
standard adds requirements to install, tune, repair and document the 
operations of its PSS.      

9. Proposed reliability standards may consider costs to implement for smaller entities 
but not at consequence of less than excellence in operating system reliability. 

A proposed Reliability Standard may take into account the size of the entity that 
must comply with the Reliability Standard and the cost to those entities of 
implementing the proposed Reliability Standard.  However, the ERO should not 
propose a “lowest common denominator” Reliability Standard that would 
achieve less than excellence in operating system reliability solely to protect 
against reasonable expenses for supporting this vital national infrastructure.  For 
example, a small owner or operator of the Bulk-Power System must bear the 
cost of complying with each Reliability Standard that applies to it. Order No. 672 
at P 330. 

 
See response to Question 7.    

10. Proposed reliability standards must be designed to apply throughout North America 
to the maximum extent achievable with a single reliability standard while not favoring 
one area or approach. 

A proposed Reliability Standard should be designed to apply throughout the 
interconnected North American Bulk-Power System, to the maximum extent this 
is achievable with a single Reliability Standard.  The proposed Reliability 
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Standard should not be based on a single geographic or regional model but 
should take into account geographic variations in grid characteristics, terrain, 
weather, and other such factors; it should also take into account regional 
variations in the organizational and corporate structures of transmission owners 
and operators, variations in generation fuel type and ownership patterns, and 
regional variations in market design if these affect the proposed Reliability 
Standard. Order No. 672 at P 331. 
 

Matters not Covered Elsewhere 
 
The Federal Energy Regulatory Commission (FERC) has stated that, 
Regional Entity Standards or Regional Variances to a NERC Reliability 
Standard (Standard) are permissible if:  

• they set more stringent reliability requirements than the NERC 
Reliability Standard; 

• cover matters not covered by an existing NERC Reliability 
Standard; or 

• are necessitated by a physical difference in the Bulk-Power 
System (BES).3 

 
As mentioned in Question 8, the proposed standard adds requirements 
not otherwise addressed in existing NERC Standards. 
 
WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. 
RM09-15-000, P23, noted that “in the Western Interconnection a 
significant number of transmission paths are voltage or frequency 
stability-limited, in contrast to other regions of the [BES] where 
transmission paths more often are thermally-limited. Disturbances 
resulting in a stability-limited transmission path overload, generally, must 
be responded to in a shorter time frame than a disturbance that results in 
a thermally-limited transmission path overload. [FERC has also noted] its 
understanding that this physical difference is one of the reasons for the 
need for certain provisions of regional Reliability Standards in the 
Western Interconnection.”  

                                                 
3 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards,” page 
36.  
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When coupled with generator operations within WECC, these physical 
characteristics create modal oscillations, that when not corrected by the 
installation and accurate operation of PSS, could contribute to instability 
within the Western Interconnection. 

11. Proposed reliability standards should cause no undue negative effect on competition 
or restriction of the grid. 

As directed by section 215 of the FPA, the Commission itself will give special 
attention to the effect of a proposed Reliability Standard on competition.  The 
ERO should attempt to develop a proposed Reliability Standard that has no 
undue negative effect on competition.  Among other possible considerations, a 
proposed Reliability Standard should not unreasonably restrict available 
transmission capability on the Bulk-Power System beyond any restriction 
necessary for reliability and should not limit use of the Bulk-Power System in an 
unduly preferential manner. It should not create an undue advantage for one 
competitor over another. Order No. 672 at P 332 
 

The proposed standard is not anticipated to have any negative impact on 
competition. 

12. The implementation time for the proposed reliability standards must be reasonable. 

In considering whether a proposed Reliability Standard is just and reasonable, 
the Commission will consider also the timetable for implementation of the new 
requirements, including how the proposal balances any urgency in the need to 
implement it against the reasonableness of the time allowed for those who must 
comply to develop the necessary procedures, software, facilities, staffing or 
other relevant capability. Order No. 672 at P 333 
 

Implementation 
 
For more detail please refer to Attachment E of this filing.  
 
With the exception of Requirement R3, VAR-501-WECC-3 has a 
standardized Effective Date. 
  
Use of this separate Effective Date for Requirement R3 highlights the fact 
that the reliability-related tasks included in Requirement R3 are a change 
from existing tuning parameters and could impose an entity-specific 
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burden that is moderate to severe, depending on the existing practices of 
each entity.  The tiered implementation of Requirement R3 reduces the 
burden by allowing entities to address the Requirement over a longer 
period of time.  
 
Units placed into first-time service after regulatory approval will require 
initial testing, tuning, and set-up.  As such, immediate compliance with 
Requirement R3 for new units should impose no undue burden.  Many of 
the units already in service are currently and adequately tuned to pre-
Requirement R3 parameters and need not be immediately revisited.  The 
five-year applicability date for those units already in service lessens the 
burden while targeting a uniform tuning across the Western 
Interconnection.         
 
Consideration of Early Compliance 
 
Early compliance should impose no negative impacts.  Because many of 
the Requirements are based on existing WECC guidelines, many Applicable 
Entities within WECC will already be in voluntary compliance. 
 

13. The reliability standard development process must be open and fair. 

Further, in considering whether a proposed Reliability Standard meets the legal 
standard of review, we will entertain comments about whether the ERO 
implemented its Commission-approved Reliability Standard development 
process for the development of the particular proposed Reliability Standard in a 
proper manner, especially whether the process was open and fair.  However, we 
caution that we will not be sympathetic to arguments by interested parties that 
choose, for whatever reason, not to participate in the ERO’s Reliability Standard 
development process if it is conducted in good faith in accordance with the 
procedures approved by the Commission. Order No. 672 at P 334. 
 

WECC followed the standard development process that was approved by 
FERC and in effect at the time of each step in the process.  
 
In accordance with the WECC Reliability Standards Development 
Procedures, all drafting team meetings are open to the public. 
 
This drafting team met in excess of 35 times.  
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Notice of the meetings was provided to NERC, posted on the WECC 
website and embedded in the minutes of each meeting.  Meeting 
minutes are posted on the WECC website and accessible by the public.  
 
All meetings were supported by a telephone conference bridge 
associated with an online internet visual capability allowing all 
participants to see the document(s) as they were being developed.  
Further, this team held an open-mic standards briefing prior to balloting 
affording the industry an additional opportunity to have its questions 
addressed.  
 
The project was posted for comment on eight occasions.  On each 
occasion comments were received, considered, and addressed.   
 
In addition, the project was posted at NERC for a 45-day comment 
period.  
 
Comments and their responses are currently posted on the WECC 
website at the WECC-0107 Project Page on the Submit and Review 
Comments accordion and have been provided with this filing.    

14. Proposed reliability standards must balance with other vital public interests. 

Finally, we understand that at times development of a proposed Reliability 
Standard may require that a particular reliability goal must be balanced against 
other vital public interests, such as environmental, social and other goals.  We 
expect the ERO to explain any such balancing in its application for approval of a 
proposed Reliability Standard. Order No. 672 at P 335 
 

WECC is not aware of any other vital public interests. No such balancing 
concerns were raised or noted. 

15. Proposed reliability standards must consider any other relevant factors. 

In considering whether a proposed Reliability Standard is just and reasonable, 
we will consider the following general factors, as well as other factors that are 
appropriate for the particular Reliability Standard proposed. Order No. 672 at P 
323 
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Inter alia, the DT considered and addressed the following issues:  
1) cost allocation,  
2) operational impact to smaller entities, and  
3) inclusion / exclusion of units based on size.   

Although not all suggested changes were adopted by the DT, the DT is 
confident that each voiced concern was heard, considered and 
addressed.    
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Mapping Document 
VAR-501-WECC-3 Power System Stabilizers 
Developed as WECC-0107 
 
Executive Summary  
 
This project updated existing WECC Regional Reliability Standard VAR-501-WECC-2, Power System Stabilizer.1  
 
The purpose of proposed Regional Reliability Standard VAR-501-WECC-3 is to ensure the Western Interconnection is operated in a 
coordinated manner under normal and abnormal conditions by establishing the performance criteria for WECC power system stabilizers.  
VAR-501-WECC-3 includes requirements that address the following:  (1) providing Transmission Operators with procedures or other 
documents that inform the Transmission Operator of when a power system stabilizer will be out of service; (2) having the power system 
stabilizer in service at all times except during specific circumstances; (3) tuning power system stabilizers to stated criteria; (4) installing and 
completing start-up testing of a power system stabilizer; and (5) repairing or replacing a power system stabilizer within a specified time 
period. 
 
This document maps the requirements from existing Regional Reliability Standard VAR-501-WECC-2 with the requirements of proposed 
Regional Reliability Standard VAR-501-WECC-3. In addition, this document shows how existing WECC policies and guidelines on power system 
stabilizers are included in the proposed requirements.  
 

                                                 
1 This project shows substantial redline because its format was updated to match NERC’s most recent template.  
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Proposed Regional Reliability Standard  

 VAR-501-WECC-3 Power System Stabilizers 

VAR-501-WECC-2 

Requirement in Approved Standard 

VAR-501-WECC-3 

Translation to New Standard or Other 
Action 

Description and Change Justification 

Applicability: 

Generator Operator 

Applicability: 

Generator Operator 
Generator Owner 

As discussed in more detail in this filing, the 
standard drafting team based its 
applicability determination on WECC policy 
and studies performed in the Western 
Interconnection.  The applicable entities 
were expanded to better align with the 
Functional Entities performing the assigned 
tasks.  See R3 below for source documents.  

Facilities: Facilities: 

This standard applies to synchronous 
generators, connected to the Bulk Electric 

The standard drafting team concluded that 
it was not practical to determine the 
optimum applicability threshold for each 
individual power system stabilizer (PSS) 
because each one is unique.  Further, 
although existing WECC policies and 
guidelines dictate a more stringent 
threshold than proposed, the technical 
study, Power System Stabilizer Applicability 
in the WECC System - Study Progress Report 
to WECC-0107 Drafting Team, does not 
necessarily support the number in the policy 
as a threshold for a mandatory standard. 
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None specified System, that meet the definition of 
Commercial Operation.  

As a result, the drafting team adopted the 
threshold included in the Bulk Electric 
System (BES) proceeding relying on the 
depth and breadth of input in that 
proceeding.  

R1. Generator Operators shall have PSS 
in service 98% of all operating hours for 
synchronous generators equipped with 
PSS.  Generator Operators may 
exclude hours for R1.1 through R1.12 
to achieve the 98% requirement.  
[Violation Risk Factor: Medium] [Time 
Horizon: Operations Assessment] 

R1. Each Generator Owner shall provide 
to its Transmission Operator, the 
Generator Owner’s written 
Operating Procedure or other 
document(s) describing those 
known circumstances during which 
the Generator Owner’s PSS will not 
be providing an active signal to the 
Automatic Voltage Regulator (AVR), 
within 180 days of any of the 
following events:  [Violation Risk 
Factor: Low] [Time Horizon: 
Planning Horizon] 

• The effective date of this
standard;

• The PSS’s Commercial Operation
date, or;

• Any changes to the PSS
operating specifications.

The original exclusions contained in the 
existing standard have their origins in the 
still-viable but voluntary WECC Policy 
Statement on Power System Stabilizers, 
April 18, 2002, approved by the Board of 
Trustees.    

Proposed R1 and R2 are intended to 
encompass all of the reliability-related 
substance of the existing R1 (PSS 
operational 98% of the time) while 
ameliorating the administrative 
requirement to count hours.   

The difference between existing R1 and 
proposed R1 and R2 is a shift in focus from 
counting/adding up hours of operation to 
prove compliance, to a presumption that 
the PSS will be in operation 100% of the 
time, unless otherwise reported in advance. 

Elements from the existing R1 and its 
subsets could be contained in the written 
operating procedures required in proposed 
R1.  Items for inclusion in the required 

https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/Policy%20Statement%20on%20Power%20System%20Stabilizers.pdf&action=default&DefaultItemOpen=1
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/Policy%20Statement%20on%20Power%20System%20Stabilizers.pdf&action=default&DefaultItemOpen=1
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procedures could include, but not be limited 
to, those items addressed in existing R1 and 
its subsets, such as: 

• known circumstances during which
the operation of the unit will be
less than optimum (existing R1.3,
R1.4, R1.5, R1.6, R1.7);

• known circumstances when the
PSS has not achieved Commercial
Operation (existing R1.11); or,

• known circumstances when the
Transmission Operator directs that
the PSS be turned off (existing
R1.12).

• The balance of the existing R1
subsets are addressed in proposed
R2.

180 Days In proposed R1 and R4, the 180-day 
provision window is an addition to the 
existing standard.     

In proposed R1, the Generator Operator is 
required to provide operating specifications 
to its Transmission Operator within 180 
days of the PSS’s Commercial Operation 
date or any changes to the PSS operating 
speciation.  
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New in the proposed standard. 

In proposed R4, the Generator Owner is 
required to install and complete start-up 
testing of a PSS on its generator within 180 
days of either connection to the BES or, 
replacement or repair of an existing PSS.  

A review of the eight postings2, 
approximately 30 meeting minutes, and 
associated emails indicate the 180-day 
window was first introduced in Draft 14 of 
Posting 1, occurring on June 18, 2014.  
Although no time-window related 
comments were received during the eight 
postings, the drafting team did consult with 
compliance personnel as well as operations 
personnel regarding establishment of the 
window.    

From the standpoint of compliance, a date 
needed to be established; otherwise, the 
tasks might be indefinitely postponed.  
From an operations standpoint, concerns 
were raised that some allowance should be 
provided to address unforeseen 
circumstances such as the unavailability of 
parts or qualified personnel, or simply to 

2 The WECC WECC-0107 Project Page shows nine postings; however, the Posting 9 document was not posted for comment but was simply a clean version. 
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address the one-off unforeseen 
circumstance. 

After consultation, the drafting team 
concluded that the 180-day window served 
as a reasonable window to accommodate 
both the compliance and the operational 
needs.  

R1.1. The synchronous generator 
operates for less than five 
percent of all hours during 
any calendar quarter. 

Counting of hours is no longer required.  
The PSS must be in service except for 
specified known circumstances.  

R1.2. Performing maintenance and 
testing up to a maximum of 
seven calendar days per 
calendar quarter. 

See below at proposed R2. 

R1.3. PSS exhibits instability due to 
abnormal system 
configuration. 

See above at proposed R1. 

R1.4. Unit is operating in the 
synchronous condenser 
mode (very near zero real 
power level). 

See above at proposed R1. 

R1.5. Unit is generating less power 
than its design limit for 
effective PSS  operation. 

See above at proposed R1. 

R1.6. Unit is passing through a 
range of output that is a 
known “rough zone” (range in 

See above at proposed R1. 
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which a hydro unit is 
experiencing excessive 
vibration). 

R1.7. The generator AVR is not in 
service. 

See above at proposed R1. 

R1.8. Due to component failure, 
the PSS may be out of service 
up to 60 consecutive days for 
repair per incident. 

See below at proposed R2. 

R1.9. Due to a component failure, 
the PSS may be out of service 
up to one year provided the 
Generator Operator 
submits documentation 
identifying the need for time 
to obtain replacement parts 
and if required to schedule an 
outage. 

See below at proposed R2. 

R1.10. Due to a component failure, 
the PSS may be out of service 
up to 24 months provided the 
Generator Operator 
submits documentation 
identifying the need for time 
for PSS replacement and to 
schedule an outage. 

See below at proposed R2. 

R1.11. The synchronous generator 
has not achieved Commercial 
Operation. 

See above at proposed R1. 

R1.12. The Transmission Operator See above at proposed R1. 
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directs the Generator 
Operator to operate the 
synchronous generator, and 
the PSS is unavailable for 
service. 

R2. Each Generator Operator shall have 
its PSS in service while 
synchronized, except during any of 
the following: [Violation Risk Factor: 
Medium] [Time Horizon: Operating 
Assessment] 
• Component failure
• Testing of a Bulk Electric

System Element affecting or
affected by the PSS

• Maintenance
• As agreed upon by the

Generator Operator and
the Transmission Operator

A PSS that is out of service for less 
than 30 minutes does not create a 
violation of this Requirement, 
regardless of cause. 

Proposed R2 translates the remaining 
portions of the existing R1. 

In proposed R2, the PSS can be out-of- 
service for component failure (existing R1.8, 
R1.9, R1.10), testing and maintenance 
(existing R1.2), and as agreed upon by the 
parties (existing R1.12 (under this later 
circumstance the fact pattern may be one 
that was not previous known as required in 
proposed R1.)). 

R3. Each Generator Owner shall tune its 
PSS to meet the following inter-area 
mode criteria, except as specified in 
Requirement R3, Part 3.5 below: 
[Violation Risk Factor: Medium] 
[Time Horizon: Operating 

Proposed R3 is an addition to the existing 
standard and memorializes portions of 
existing WECC policies and procedures that 
are currently advisory in nature.   

These policies and procedures were 
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Assessment] 

3.1. PSS shall be set to provide the 
measured, simulated, or 
calculated compensated 
Vt/Vref frequency response of 
the excitation system and 
synchronous machine such that 
the phase angle will not exceed 
± 30 degrees through the 
frequency range from 0.2 Hertz 
to the lesser of 1.0 Hertz or the 
highest frequency at which the 
phase of the Vt/Vref frequency 
response does not exceed 90 
degrees. 

3.2. PSS output limits shall be set to 
provide at least ±5% of the 
synchronous machine’s 
nominal terminal voltage. 

3.3. PSS gain shall be set to between 
1/3 and 1/2 of maximum 
practical gain.  

3.4. PSS washout time constant 
shall be no greater than 30 
seconds. 

3.5. Units that have an excitation 
system or PSS that is incapable 

augmented by a technical study provided by 
the drafting team, Power System Stabilizers 
Use of Minimum-Load for Tuning in 
Proposed Requirement R3. 

These features have been in place within 
WECC, in some cases, for well over a 
decade. 

The foundation of the tuning specifications 
is found in the following documents, 
augmented by the comments received 
during the eight postings:  

• WECC Power System Stabilizer
Tuning Guidelines, created by the
WECC Modeling Validation Work
group under the auspice of the
WECC Planning Coordination
Committee (PCC).

• WSCC Tutorial on Power System
Stabilizers, 1999, approved by the
PCC3 

• WECC Policy Statement on Power
System Stabilizers, April 18, 2002,
approved by the Board of Trustees.

3 Western System Coordinating Council, WECC’s predecessor. 

https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/Power%20System%20Stabilizer%20Tuning%20Guidelines.pdf&action=default&DefaultItemOpen=1
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/Power%20System%20Stabilizer%20Tuning%20Guidelines.pdf&action=default&DefaultItemOpen=1
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/1999%20WSCC%20Tutorial%20on%20Power%20System%20Stabilizers.pdf&action=default&DefaultItemOpen=1
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/1999%20WSCC%20Tutorial%20on%20Power%20System%20Stabilizers.pdf&action=default&DefaultItemOpen=1
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/Policy%20Statement%20on%20Power%20System%20Stabilizers.pdf&action=default&DefaultItemOpen=1
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/Policy%20Statement%20on%20Power%20System%20Stabilizers.pdf&action=default&DefaultItemOpen=1


Mapping Document 
Project VAR-501-WECC-3 Power System Stabilizers. Developed as WECC-0107 10 

of meeting the tuning 
requirements of Requirement 
R3 are exempt from 
Requirement R3 until the 
voltage regulator is either 
replaced or retrofitted such 
that the PSS becomes capable 
of meeting the tuning 
requirements. 

R4. Each Generator Owner shall install 
and complete start-up testing of a 
PSS on its generator within 180 days 
of either of the following events: 
[Violation Risk Factor: Medium] 
[Time Horizon: Operational 
Assessment] 

• The Generator Owner connects a
generator to the BES, after
achieving Commercial Operation,
and after the Effective Date of
this standard.

• The Generator Owner replaces
the voltage regulator on its
existing excitation system, after
achieving Commercial Operation
for its generator that is
connected to the BES, and after
the Effective Date of this
standard.

Proposed R4 is an addition to the existing 
standard and memorializes portions of 
existing WECC policies and procedures that 
are currently advisory in nature.  

(See 180 Days for justification) 

(See R3 for resource documents.) 
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R5. Each Generator Owner shall repair 
or replace a PSS within 24 months 
of that PSS becoming incapable of 
meeting the tuning specifications 
stated in Requirement R3. 
[Violation Risk Factor: Medium] 
[Time Horizon: Operational 
Assessment] 

Proposed R5 is an addition to the existing 
standard and memorializes portions of 
existing WECC policies and procedures that 
are currently advisory in nature.  

24 Months 24 Months In the Reliability Management System 
(RMS) agreement that preceded the existing 
standard, entities were required to repair or 
replace a faulty PSS within 12 months of 
failure.4  Under the RMS, if an entity could 
not comply within 12 months an extension 
to 24 months was allowed.  Historically, 
WECC granted numerous extensions.  As a 
result, when the existing standard was 
drafted the more practical 24-month 
window was added to Requirement R1.10.  

This practical window is carried over into 
the proposed standard. 

In R5, the applicable entity is required to 
repair or replace a PSS within 24 months of 

4 The Reliability Management System was the precursor to the NERC mandatory standards within the Western Interconnection. 
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that PSS becoming incapable of meeting the 
tuning specifications. Like the 180-day time 
window, the 24-month time window was 
presented to the industry in Posting 1.  

The 24-month window addresses the 
concern that “a Generator owner may 
unreasonably delay repair or replacement 
of a non-operational PSS.” 

“The rationale for the 24 month window is 
that it provides the Generator Owner an 
ample window to either procure a 
replacement part[s] or to purchase and 
bring operational and [sic] entirely new 
PSS.” Posting 1, Response to Comments, 
Western Trading Power Forum.5 

5 Although the language of Requirement R5 was later changed for clarification, no further requests from the industry were raised regarding the duration or reasonability 
of the time window.  
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Table of Compliance Elements 
 
Appended  

Violation Risk Factor (VRF) 

The WECC-0107 VAR-501-WECC-3, Power System Stabilizer Drafting Team (DT) used the NERC-
provided guidance document for VRFs1 to determine the VRF for each requirement.  
 
Based upon the guidance document, the DT assigned a low VRF to Requirement R1 because the 
requirement is administrative in nature addressing the planning horizon.   
 
A violation of the requirement, would not, under the emergency, abnormal, or restorative 
conditions anticipated by the preparations, be expected to adversely affect the electrical state 
or capability of the Bulk Electric System (BES), or the ability to effectively monitor, control, or 
restore the BES.   
 
All other requirements were assigned a medium VRF. 
 
The remaining requirements address the operational horizon.  If violated, they could directly 
affect the electrical state or the capability of the BES, or the ability to effectively monitor and 
control the BES.  However, violation of these medium-risk requirements is unlikely to lead to 
BES instability, separation, or cascading failures.  

Violation Severity Level (VSL) 2 

The DT used the NERC-provided guidance document for VSLs to determine the VSL for each 
requirement.  
 
Based upon the guidance document, the DT assigned a severe VSL to Requirements R1, R4 and 
R5, because the requirements are binary in nature and are “pass or fail” type requirements 
where any degree of noncompliant performance would result in totally or mostly missing the 
reliability intent of the requirements.  
 
For each of the remaining requirements, the DT assigned a gradated performance schedule 
with each requirement being assigned four increasing tiers for non-compliance.  In each case 
the DT concluded that partial performance would have some reliability-related value. 

                                                      
1 NERC Guidance on Violation Risk Factors 
2 NERC Guidance on Violation Severity Levels 
 

http://www.nerc.com/pa/Stand/Resources/Documents/Violation_Risk_Factors.pdf
http://www.nerc.com/pa/Stand/Resources/Documents/VSL_Guidelines.PDF


VRF and VSL Justification 
WECC-0107 Power System Stabilizer 

VAR-501-WECC-3 

2 | P a g e  

 

 
The VSL for Requirement R2 is based on the passage of time.  The longer a Generator Operator 
leaves its power system stabilizer out of service, the greater the VSL becomes. 
 
The VSL for Requirement R3 is based on the cumulative number of times the Generator Owner 
failed to meet the prescribed performance.  Each piece of the prescribed performance 
contributes equally to the reliability-related objective; therefore, the VSL was uniformly applied 
for each piece.  
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Table of Compliance Elements 
 

R Time Horizon VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA 

 

NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  Each Generator 
Operator not having its 
PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 30 minutes 
but less than 60 
minutes. 

Each Generator Operator 
not having its PSS in 
service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 60 minutes 
but less than 120 
minutes. 

Each Generator 
Operator not having its 
PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 120 minutes 
but less than 180 
minutes. 

Each Generator 
Operator not having its 
PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 180 minutes. 

R3 Operations 
Assessment 

Medium  The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.   

The Generator Owner’s 
PSS failed to meet any of 
the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator Owner’s 
PSS failed to meet any of 
the required 
performances in 
Requirement R3, four 
times during the audit 
period.   

The Generator Owner’s 
PSS failed to meet any of 
the required 
performances in 
Requirement R3, five 
times or more during the 
audit period.   
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R Time Horizon VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in Requirement 
R4.   

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or replace 
a non-operational PSS as 
required in Requirement 
R5.   
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Summary of Development History 

The development record for proposed Regional Reliability Standard VAR-501-WECC-3 

is summarized below. 

I. Overview of the Standard Drafting Team 

When evaluating a proposed Reliability Standard, the Commission is expected to give “due 

weight” to the technical expertise of the ERO.1  The technical expertise of the ERO is derived from 

the standard drafting team selected by the WECC Standards Committee to lead each project in 

accordance with Step 3 of the WECC Reliability Standards Development Procedures.2  For this 

project, the standard drafting team consisted of industry experts, all with a diverse set of 

experiences. A roster of the standard drafting team members is included in Exhibit I. 

II. Standard Development History 

A. Standard Authorization Request Development 

Project WECC-0107 – Power System Stabilizer Design and Performance was initiated on 

February 11, 2014 with the receipt of a proposed Standard Authorization Request (“SAR”).  The 

WECC Standards Committee approved the SAR and created a standard drafting team on March 

12, 2014.  The WECC Standards Committee expanded the scope of the SAR on June 25, 2014 to 

merge with Project WECC-0094 – VAR-501-WECC-1, Power System Stabilizer and incorporate 

the outcome of Project WECC-0105 – P81 VAR Redraft. 

B. First Posting – Comment Period 

On June 25, 2014, the WECC Standards Committee approved posting proposed Regional 

Reliability Standard VAR-501-WECC-3 for a 45-day public comment period.  Proposed Regional 

                                                           
1  Section 215(d)(2) of the Federal Power Act; 16 U.S.C. §824(d) (2) (2012). 
2  The WECC Reliability Standards Development Procedures are available at 
https://www.wecc.biz/Reliability/Reliability%20Standards%20Development%20Procedures%20-
%20FERC%20Approved%20Dec%2023%202014.pdf. 
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Reliability Standard VAR-501-WECC-3 was posted for a 45-day public comment period from 

July 1, 2014 through August 14, 2014.  WECC received comments from four companies 

representing five of the eight industry segments.  Based on the comments received, the standard 

drafting team determined to make substantive changes to the proposed standard.  Therefore, the 

standard was posted for an additional comment period.3  

C. Second Posting – Comment Period 

Proposed Regional Reliability Standard was posted for another public comment period for 

30 days from October 15, 2014 to November 14, 2014, although the WECC Standards Committee 

granted an extension of time for posting comments.  WECC received comments from four 

companies representing six of the eight industry segments.  Based on the comments received, the 

standard drafting team determined to make substantive changes to the proposed standard.4 

D. Third Posting – Comment Period 

Proposed Regional Reliability Standard was posted for another public comment period for 

30 days from December 12, 2014 to January 12, 2015, with the standard drafting team accepting 

late comments until January 20, 2015.  WECC received comments from five companies 

representing six of the eight industry segments.  Based on the comments received, the standard 

drafting team determined to make substantive changes to the proposed standard.5 

E. Fourth Posting – Comment Period 

                                                           
3  Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 1 (posted Sept. 26, 2014) is available at https://www.wecc.biz/Reliability/WECC-0107%20VAR-501-
WECC-2%20Power%20System%20Stabilizers%20Posting%201%20Responses%20-%20clean%209-11-2014.doc. 
4  Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 2 (posted Dec. 4, 2014) is available at https://www.wecc.biz/Reliability/WECC-0107%20VAR-501-WECC-
2%20Power%20System%20Stabilizers%20Posting%202%20Responses%20-%20Clean%2011-26-2014.doc. 
5 Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 3 (posted Feb. 2, 2015) is available at https://www.wecc.biz/Reliability/WECC-
0107%20Posting%203%20VAR-501-WECC-
2%20Power%20System%20Stabilizers%20Response%20to%20Comments%202-10-2015.doc. 
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Proposed Regional Reliability Standard was posted for another public comment period for 

30 days from April 17, 2015 to May 19, 2015.  WECC received comments from four companies 

representing five of the eight industry segments.  Based on the comments received, the standard 

drafting team determined to make substantive changes to the proposed standard.6 

F. Fifth Posting – Comment Period 

Proposed Regional Reliability Standard was posted for another public comment period for 

30 days from July 7, 2015 to August 6, 2015.  WECC received comments from three companies 

representing five of the eight industry segments.  Based on the comments received, the standard 

drafting team determined to make substantive changes to the proposed standard.7 

G. Sixth Posting – Comment Period 

Proposed Regional Reliability Standard was posted for another public comment period for 

30 days from September 3, 2015 to October 5, 2015.  WECC received comments from three 

companies representing six of the eight industry segments.  Based on the comments received, the 

standard drafting team determined to make substantive changes to the proposed standard.8 

H. Seventh Posting – Comment Period 

Proposed Regional Reliability Standard was posted for another public comment period for 

30 days from October 22, 2015 to November 23, 2015.  WECC received comments from six 

                                                           
6 Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 4 (posted June 12, 2015) is available at https://www.wecc.biz/Reliability/WECC-
0107%20Posting%204%20VAR-501-WECC-
2%20Power%20System%20Stabilizers%20Response%20to%20Comments%20-%206-11-2015.doc. 
7 Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 5 is available at https://www.wecc.biz/Reliability/WECC-0107%20Posting%205%20VAR-501-WECC-
2%20Power%20System%20Stabilizers%20Response%20to%20Comments%20-%209-1-2015.doc. 
8 Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 6 is available at https://www.wecc.biz/Reliability/WECC-0107%20Posting%206%20VAR-501-WECC-
2%20Power%20System%20Stabilizers%20Response%20to%20Comments%20-%2010-20-2015.doc. 
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companies representing five of the eight industry segments.  Based on the comments received, the 

standard drafting team determined to make substantive changes to the proposed standard.9 

I. Eighth Posting – Comment Period 

Proposed Regional Reliability Standard was posted for another public comment period for 

30 days from December 11, 2015 to January 11, 2016, with the standard drafting team accepting 

comments until January 22, 2016.  WECC received comments from six companies.  Based on the 

comments received, the standard drafting team made a change to the Violation Severity Level table 

and other non-substantive changes.10 

J. Ninth Posting – Final Standard for WECC Standards Committee 

Because only non-substantive changes were made between the eighth and ninth postings, 

the standard drafting team did not solicit public comments on the ninth posting of the standard.  

On February 18, 2016, the standard drafting team agreed to send the standard to the WECC 

Standards Committee with a request for ballot. 

K. Ballot Period and Results 

On March 8, 2016, the WECC Standards Committee approved proposed Regional 

Reliability Standard VAR-501-WECC-3 to be posted for ballot.  The ballot pool opened on March 

21, 2016 and closed on April 8, 2016.  WECC held a standards briefing on April 7, 2016.  Ninety-

two individuals joined the ballot pool.  Eighty-five individuals cast votes, reaching quorum at 92.4 

percent.  The standard obtained 52 affirmative votes, which was 66 percent of the weighted 

segment vote.  As a result, the standard passed ballot on May 2, 2016. 

                                                           
9 Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 7 is available at https://www.wecc.biz/Reliability/WECC-0107%20Posting%207%20VAR-501-WECC-
2%20Power%20System%20Stabilizers%20Response%20to%20Comments%20-%2012-3-2015.doc. 
10 Project WECC-0107 – Power System Stabilizer Design and Performance Consideration of Comments for 
Posting 8 is available at https://www.wecc.biz/Reliability/WECC-0107%20Posting%208%20VAR-501-WECC-
2%20Power%20System%20Stabilizers%20Response%20to%20Comments%20-%202-9-2016.doc. 
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L. WECC Board of Directors Approval 

On September 21, 2016, the WECC Board of Directors approved proposed Regional 

Reliability Standard VAR-501-WECC-3 and the retirement of Regional Reliability Standard 

VAR-501-WECC-2. 

M. NERC Comment Period and Board of Trustees Approval 

NERC received the Regional Reliability Standard Submittal Request for VAR-501-

WECC-3 on December 12, 2016.  NERC posted proposed Regional Reliability Standard VAR-

501-WECC-3 for a 45-day public comment period from December 12, 2016 to January 25, 2017.11  

The NERC Board of Trustees adopted proposed Regional Reliability Standard VAR-501-WECC-

3 on February 9, 2017.12 

 

                                                           
11  The NERC web page for Regional Reliability Standards Under Development is available at 
http://www.nerc.com/pa/Stand/Pages/RegionalReliabilityStandardsUnderDevelopment.aspx. 
12  NERC, Board of Trustees Agenda Package, Agenda Item 4e (WECC Regional Reliability Standard VAR-
501-WECC-3), available at 
http://www.nerc.com/gov/bot/Agenda%20highlights%20and%20Mintues%202013/Board_February_9_2017_Meeti
ng_Agenda_Package_v3.pdf. 
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From: Projects Undergoing Standards Development
To: Bauer, Martin
Cc: Black, Shannon
Subject: WECC Standards/Regional Request
Date: Tuesday, February 11, 2014 2:29:56 PM

Dear Martin Bauer: 

The Western Electricity Coordinating Council (WECC) would like to thank you for
submitting a WECC Standards/Regional Criteria Request Form (Request). Your
Request, received on 2/11/2014 3:20:10 PM, was assigned a WECC tracking number
of WECC-0107 and given the title of WECC-0107 PSS Design and Performance.

WECC staff will work closely with you during the coming weeks to ensure your
Request is deemed complete and forwarded to the Standards Request Routing
Committee (SRRC). If this Request cannot be deemed complete by 3/13/2014
3:20:10 PM, WECC staff will recommend to the SRRC that the Request be deemed
incomplete and be withdrawn. If it is withdrawn for being incomplete, then no
further action will be taken on this Request. Please understand that this type of
withdrawal does not preclude submission of a new Request covering the same
material. 

Before your Request can be approved by the Western Electricity Coordinating
Council, it must undergo a thorough review at several stages of development.
Familiarizing yourself with these steps will enhance your understanding of that
process and explain the many milestones that must be met along the way. The
process can be accessed at: 
http://www.wecc.biz/Standards/Development/Documents/Standards_De
velopment_Process_Approved.pdf

Sincerely,

Steve Rueckert
Director of Standards
Western Electricity Coordinating Council Phone (801) 883-6878
Cell (801) 558-0301
FAX (801) 582-3918

mailto:weccwebsite@wecc.biz
mailto:mbauer@usbr.gov
mailto:sblack@wecc.biz


Attachment A 
Standard Authorization Request 

WECC-0107 Power System Stabilizer 
VAR-501-WECC-3 

WESTERN ELECTRICITY COORDINATING COUNCIL 
155 North 400 West, Suite 200 

Salt Lake City, Utah 84103-1114 

Introduction 

The Standard Authorization Request (SAR) is used to propose a new or revised document, to retire an 
existing document, request interpretation of a document, or request an exemption from a requirement 
contained in a document.  This request is posted in its original form at the WECC-0107 Power System 
Stabilizer (PSS) project web page on the SAR Form accordion.  It has been reformatted to 
accommodate changes to the WECC web site.  This SAR was received, validated and deemed complete 
on February 11, 2014.  On June 25, 2014, the WECC Standards Committee (WSC) expanded the scope 
of the original SAR as follows:  

The proposed document should be structured as follows, PSS:  

1) Where installed, shall be operating unless specifically exempted, 

2) Shall be tuned as specified, and, 

3) Where not installed, installation shall be required – when a generator is newly interconnected 
to the Bulk-Electric System (BES) or when a generator is updated. 

This SAR will merge with WECC-0094 - VAR-501-WECC-1, Power System Stabilizer (PSS), and 
incorporate the outcome of WECC-0105 - P81 VAR Redraft review.  On July 18, 2014, the P81 project 
ballot closed.  The project passed the ballot.      

Requester Information 

1. Provide your contact information and your alternate’s contact information: 
• Your First Name:   Martin 
• Your Last Name:   Bauer 
• Your Email Address:   mbauer@usbr.gov  
• Your Phone Number:   (303) 445-2901 
• Organization Name:   United State Bureau of Reclamation  
• Alternate’s First Name:  W. Shannon   
• Alternate’s Last Name:  Black 
• Alternate’s Email Address:  sblack@wecc.biz 
• Alternate’s Phone Number:   (503) 307-5782 

mailto:sblack@wecc.biz
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Type of Request 

2. Specify the type of request: (select one) 
• Request to Revise an Existing WECC Regional Reliability Standard 

Create, Modify or Retire a Document Questions 

Provide the requested information for your request to create, modify, or retire the document. 

3. Requested Action: (select one) 
• Request to Revise a WECC Regional Reliability Standard  

4. Document Type: (select one) 
• WECC Regional Reliability Standard 

5. Issue: Specify what industry problem this request is trying to resolve. 

WECC’s PSS program currently meets the Interconnection’s reliability needs; however, the 
associated policies and procedures are voluntary and are not always consistently implemented.   

6.  Proposed Remedy: Specify how this request proposes to address the issue described. 

This SAR is designed to: 

1) Update and codify WECC’s PSS program, 

2) Establish a minimum design-criteria for installation of new PSS-related equipment, 

3) Standardize tuning procedures for that equipment, and,  

4) Identify those facilities to which the PSS applies. 

In preparation for this SAR, the WECC Control Work Group (CWG) reviewed numerous PSS-
related documents under the WECC-0099 SAR (retired by the WSC on February 11, 2014), and is 
recommending that certain substance from those reviewed documents be excerpted and 
addressed in a WECC RRS. 

To the extent the drafting team (DT) identifies any additional information best suited for other 
WECC Document Categories, the DT also seeks permission to draft those documents 
accordingly.  

It is recommended that the Purpose statement of the RRS should begin with the following: 

“To ensure the Western Interconnection is operated in a coordinated manner under normal 
and abnormal conditions, by establishing the tuning and performance criteria for WECC Power 
System Stabilizers.”   

 

7. Detailed Description 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

This SAR encourages the members of the CWG to self-nominate as a means to encourage 
continuity between WECC-0099 and this project. 

The DT should: 1) review and consider the WECC-0099 DT’s review of PSS-related documents 
and extract from those documents the recommended substance for importation into this RRS, 
2) review recent studies conducted concerning PSS response within WECC and consider the 
information when drafting requirements, 3) review the NERC Functional Model and decide on 
the best applicable entities to meet the tasks assigned, and 4) identify the specific facilities to 
which the standard applies. 

Finally, the DT should establish the minimum criteria describing: 1) the circumstances and/or 
design criteria in which installation of PSS equipment is required, 2) a standardized approach to 
PSS tuning and testing, and 3) a standardized approach to communication of testing data and 
remediation of operations identified in that data.  

The following is a suggested structure for the proposed standard.  

R1. Each Generator Owner shall install Power System Stabilizers that meet the following 
criteria: 

 1) [The DT should specify design criteria.] 

R2. Each Generator Owner shall tune its Power System Stabilizers to achieve the following 
response criteria: 

 1) [The DT should specify tuning criteria.] 

R3. Each Generator Owner shall validate the performance of its Power System Stabilizers 
using the following methods: 

 1) [The DT should specify the methods.] 

R4. Each Generator Owner shall provide performance results to the Reliability Coordinator 
within [time window] of the request. 

R5. Each Reliability Coordinator shall instruct the Generator Owner to make changes to the 
Generator Owner’s Power System Stabilizer tuning, within [time window] of its review 
of the Power System Stabilizer performance results as required in Requirement X. 

R6. Each Generator Owner shall: 

 1) Implement changes to its Power System Stabilizers tuning no later than [time 
window], as instructed by the Reliability Coordinator in Requirement X. 

 2) Each Generator Owner shall provide reports of its performance results to the 
Reliability Coordinator within [time window] after implementing the tuning 
change required in Requirement X.            
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8. Functions (select all that apply) 

• Generator Owner 
• Reliability Coordinator 

 
9. Affected Reliability Principles: Which of the following reliability principles is MOST affected by 

this request? (select one) 
 

• Reliability Principle 1 — Interconnected bulk electric systems shall be planned and 
operated in a coordinated manner to perform reliably under normal and abnormal 
conditions as defined in the NERC Standards. 

Reference Uploads 

Please reference or upload any affected Standards, Regional Business Practices, Criterion, Policies, 
White Papers, Technical Reports or other relevant documents. If this request is based on a conflict of 
law, please include a copy of, or accessible reference to, the specific law or regulatory mandate in 
conflict. 

A preliminary Power System Stabilizer Study can be found in the Documents section of the 
WECC-0099 project page.  

10.  Additional Comment 

The CWG has vigorously reviewed a number of PSS-related documents.  That review can be 
found in the Document section of the WECC-0099 Team Site. 

This project impacts VAR-501-WECC-1 Power System Stabilizer, an RRS.  
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Document Title Power System Stabilizers  

VAR-501-WECC-3  
WECC Regional Reliability Standard 

File Name  
Category 
 
 

 

(X ) Regional Reliability Standard 
(  ) Regional Criterion  
(  ) Policy 
(  ) Guideline 
(  ) Report or other 
(  ) Charter 

Document date  
Adopted/approved by WECC Board of Directors 
Date adopted/approved  
Custodian (entity 
responsible for 
maintenance and 
upkeep) 

Standards  

Stored/filed Approved Regional Standards  
Previous name/number This document is designed to replace / retire: 

VAR-502-WECC-RBP-0.1, WECC Power System 
Stabilizer Design and Performance and to replace  VAR-
501-WECC-1, Power System Stabilizer with a “Version 2” 

Status (  ) in effect 
(  ) usable, minor formatting/editing required 
(  ) modification needed 
(  ) superseded    
(  ) other _____________________________ 
(  ) obsolete/archived) 

 
Version Date Action Change Highlights 

0.1 April 23, 2004 WECC Effective Date: VAR-502-
WECC-0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-
WECC-1  

 

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 clean-
up 

3    
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Project Roadmap 
 

Completed Actions Completed Actions 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-
501-WECC-1.  WSC approved posting for 45-day 
comment.  

June 25, 2014 

8. Posting 1 WECC open July 1, 2014 

9. Posting 1 WECC closed August 14, 2014 

10. Posting 1 WECC Responses posted   

11. Posting 1 NERC open  

12. Posting 1 NERC closed  

13. Posting 1 NERC Responses posted   

14. Posting 2 open  

15. NERC Quality Review   

16. Posting 2 closed  

17. Posting 2 Responses posted   

18. DT forwards request for ballot to WSC  

19. WSC approves for ballot  
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20. Ballot Pool open  

21. Ballot Pool closed  

22. Joint Session noticed  

23. Joint Session  

24. Ballot open  

25. Ballot closed  

26. WSC approves forwarding to the WECC Board of 
Directors 

 

27. Posted for 30 days prior to WECC Board meeting  

28. Board meets to approve  

29. Sent to NERC  
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Operational Background 
 
Power System Stabilizers (PSS) are needed in the Western Interconnection to 
dampen operational oscillation.  
 
PSS are part of the Automatic Voltage Regulation (AVR) system of a generator 
and are designed to add or subtract torque to a generator with the goal of 
damping oscillations on the WECC Interconnection’s Bulk-Electric System (BES) 
that otherwise would be amplified if the AVR is operated by itself.  
 
PSS within WECC (originally called Supplementary Control Systems) were 
developed in the 1960s in response to power system oscillations on the Pacific 
Intertie within the Western Interconnection.  These oscillations occur at very low 
frequencies (<1 hertz), are very lightly dampened, and became known as “inter-
area modes” (modes) of oscillation because they occurred when real power was 
transferred from one Western Interconnection geographic region to another (such 
as between the Pacific Northwest and the Southwest). 
 
These modal oscillations are the result of a combination of many machines on 
one part of the Western Interconnection BES whose voltage support response to 
system fluctuations is not in phase with the response of machines on another 
part of the Interconnection’s BES. 1 
 
WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. 
RM09-15-000, P23, noted that “in the Western Interconnection a significant 
number of transmission paths are voltage or frequency stability-limited, in 
contrast to other regions of the [BES] where transmission paths more often are 
thermally-limited. Disturbances resulting in a stability-limited transmission path 
overload, generally, must be responded to in a shorter time frame than a 
disturbance that results in a thermally-limited transmission path overload. [FERC 
has also noted] its understanding that this physical difference is one of the 
reasons for the need for certain provisions of regional Reliability Standards in the 
Western Interconnection.”  
                                                 
1 While some areas of other interconnections may experience this phenomenon, 
it is typically seen as only a local issue, not an issue for the entire 
interconnection. In the Western Interconnection, it is seen as both an 
interconnection-wide issue and a local issue. 
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When coupled with generator operations within WECC, these physical 
characteristics create modal oscillations, that when not corrected by the 
installation and accurate operation of PSS, cause instability within the WECC 
Interconnection. 
 
WECC Procedural Background 
 
This Standards Authorization Request (SAR) to review WECC’s PSS-related 
documents is in response to a WECC Board of Director’s resolution.  
 
On September 5, 2012, the WECC Board of Directors adopted the 
recommendation of the Regional Criteria Work Group that a (SAR) should be 
filed to evaluate VAR-502-WECC-RBP-1, WECC Power System Stabilizer (PSS) 
Design and Performance, a Regional Business Practice (RBP), for development 
as a WECC Regional Reliability Standard (RRS).  Under WECC-0099, the 
WECC Control Work Group conducted the review concluding that a RRS should 
be drafted. 
 
On February 11, 2014 during the WECC Standards Committee (WSC) meeting:  
 

“A motion was made by Mr. Joe Tarantino that was seconded by Ms. 
Dana Cabbell to retire WECC-0099 having determined that the assigned 
project was complete, and to approve the proposed iterative SAR [WECC-
0107] to develop a Power System Stabilizer RRS.  The motion carried by 
Consensus.  Mr. Warren Rust abstained.”  WSC Meeting Minutes  

 
On June 25, 2014, the WSC changed the scope of the SAR directing that the 
proposed document be structured so that PSS: 1) where installed, be operating 
unless specifically exempted, 2) tuned as specified, and 3) where not installed, 
installation would be required when a generator is newly interconnected to the 
Bulk-Electric System (BES) or when a generator is updated.  The WSC further 
approved merging WECC-0094 VAR-501-WECC-1 Power System Stabilizers 
into the document and incorporating the “P81”, VAR-501-WECC-2, revisions 
resulting from WECC-0105 (ballot closed July 18, 2014). 
 
Standard of Review 
 
The Federal Energy Regulatory Commission (FERC) has stated that, Regional 
Entity Standards or Regional Variances to a NERC Reliability Standard 
(Standard) are permissible if they set more stringent reliability requirements than 
the NERC Reliability Standard; or cover matters not covered by an existing 

http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
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NERC Reliability Standard; or if they are necessitated by a physical difference in 
the Bulk-Electric System (BES).2 
 
Proposed Structure  
 
The proposed document would merge multiple documents and SARs. 
 
As a result, WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the  
WECC-0105 P81 redraft would merge into WECC-0107 VAR-501-WECC-“2” 
resulting in a document applicable to the BES and having three requirements.  
 
Applicability (Responsible Entity) 
 
The proposed standard would be applicable to the Generator Owner and the 
Generator Operator. 
 
Under the NERC Functional Model, it is the task of the Generator Operator, to 
“report operating and availability status of units and related equipment, such as 
automatic voltage regulators”, of which PSS is a part.3  “Ultimately the Generator 
Operator’s role is to meet generation schedules, manage fuel supplies, and 
provide frequency support and reactive resources without jeopardizing 
equipment.”4  
 
It is the role of the Generator Owner to install equipment. 
 
Facility Threshold 
 
The proposed standard would adopt the BES applicability threshold that includes 
generators: 1) with a gross individual nameplate rating greater than 20MVA, or 
gross plant/facility aggregate nameplate rating greater than 75 MVA, and 2) 
operated at 100 kV or higher.  For some generators this is a lower threshold than 
allowed under WECC polices.  Generator Operators seeking an exemption from 
the standard could pursue that exemption under the FERC approved exemption 
process. 
 
 
 
                                                 
2 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards”, page 
36.  
3 NERC Functional Model, Version 5, “Function – Generator Operation”, Tasks, page 48.  
4 NERC Functional Model, Version 5, “11 Generator Operator”, page 23.  
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 Current 
 
WECC currently does not have a RRS that specifies the threshold at which a 
PSS must be installed; however, WECC does have an existing policy that 
addresses that threshold.  (Under WECC’s current policy, a PSS is not installed 
on a station service generator.) 
 
Under WECC’s current policy, a PSS is installed: 
 
1) On synchronous generators, regardless of ownership, that are connected 

to the transmission system (by a generator step-up transformer to 60 kV 
or higher voltage); 
  

2) On every existing synchronous generator that is larger than 75 MVA and 
is equipped with a suitable excitation system as defined in the WECC 
report “Criteria to Determine Excitation System Suitability for PSS”, 
(Report) dated December 1992. 
 

3) On every existing synchronous generator that is larger than 30 MVA, or is 
part of a complex that has an aggregate capacity larger than 75 MVA, if 
the excitation system is updated so that it becomes a suitable excitation 
system as defined in the above mentioned Report.  This applies to all 
machines with excitation systems updated after November 18, 1993. 
 

4) On every synchronous generator that is larger than 30 MVA, or is part of a 
complex that has an aggregate capacity larger than 75 MVA, and is 
equipped with suitable excitation systems commissioned after November 
18, 1993. 

Proposed 
 
Under the proposed standard, PSS would be required on those generators that 
meet the BES definition.   
 
The white paper, Bureau of Reclamation (April 2014), Power System Stabilizer 
Applicability in the WECC System Study Progress Report to WECC-0107 
Drafting Team (Draft as of May 28, 2014) [White Paper], examined the impact on 
system oscillations when PSS were included or excluded at varying thresholds. 

The white paper generally concluded: 
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1) In the WECC system model, generator size is inversely proportional to the 
number of generating units; 

2) The nature of system-wide modes of oscillation and the effectiveness of 
individual generating units on these modes varies with the system topology and 
the instantaneous operating point conditions; 

3) There is no technical justification to exclude application of PSS on a 
generating unit based on size alone; (and) 

4) Adopting the Policy threshold of 30 MVA as opposed to the BES threshold will 
reduce the number of generators with PSS, which will decrease system damping 
proportionally to the number of units affected. 

Requirements and Measures 
 
Within existing NERC and WECC Standards, there are currently Requirements to 
model5, plan6, and to run7 PSS (98% of operating hours except under twelve 
specified conditions).8    The proposed standard would reframe the operating 
mandates creating three Requirements: 1) Requirement R1 would mandate that 
PSS be connected so as to allow the PSS to operate during all hours, except 
when specifically exempted,9 2) Requirement R2 would mandate minimum 
criteria for the tuning of PSS, and 3) Requirement R3 would require the 
installation of PSS whenever new generation is interconnected to the BES.  
 
The proposed document would honor the ballot pool results of the WECC-0105 
“P81” redraft endeavor (June 25 through July 18, 2014), removing documentation 
requirements from the Requirements and relocating them into the Measures. 
 
  
 
 
 
 
 
                                                 
5 MOD-026-1 and MOD-032-1 
6 TPL-001-4, VAR-002-X 
7 VAR-501-WECC-1, Power System Stabilizer 
8 VAR-501-WECC-1, Power System Stabilizer, Requirement R1.  
9 After the Commercial Operation date of the unit 
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Implementation Plan 
 

TBA 
 
 

Definitions of Terms Used in Criterion 
 

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

 
None proposed.  
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A.  IInnttrroodduuccttiioonn  

1. Title:   Power System Stabilizers (PSS) 
  Regional Reliability Standard  

 
2. Number:    VAR-501-WECC-2  

 
3. Purpose:   To ensure the Western Interconnection is operated in a  

  coordinated manner under normal and abnormal conditions,  
  by establishing the tuning and performance criteria for  
  WECC power system stabilizers  

 
4. Applicability: 

 4.1   Generator Operator 
 4.2   Generator Owner  
  

    
     
6. Effective Date: This standard becomes effective on the first day of the fourth 
    quarter following final regulatory approval.     

     
 

B.  Requirements 

R1. Each Generator Operator shall 
provide to its Transmission Planner, 
the operating specifications for the 
Generator Operator’s PSS, 
describing each condition during 
which its PSS will be non-
operational for purposes of 
equipment protection or system 
stability, within 180 days of the 
PSS’s Commercial Operation date 
or any changes to the PSS 
operating specifications.  [Violation 
Risk Factor: Low] [Time Horizon: 

Rationale:  Requirement R1 covers the 
planning horizon.  
 
Requirement R1 is intended to provide the 
Transmission Planner with accurate and timely 
information for use in planning models.  It was 
not intended for provision to the Transmission 
Operator because the described condition is 
limited and not likely to be of value to the 
Transmission Operator in real-time.  Because 
this Requirement notifies the planner of a 
planned and repetitive event, the Measure is 
designed to allow for a single notification as of 
the Commercial Operation date or changes as 
they occur. This minimizes paperwork.   
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Planning Horizon] 
 
M1. Each Generator Operator will have documented evidence that it provided 

to its Transmission Planner the operating specifications for the Generator 
Operator’s PSS systems, within 180 days of the PSS’s Commercial 
Operation date or any changes to the PSS operating specifications, 
describing each condition during which its PSS would be non-operational 
for purposes of equipment protection or system stability, as required in 
Requirement R1.   

 
For auditing purposes, because the Requirement R1 conditions are 
intended to be unchanged unless otherwise notified, the Generator 
Operator need only provide the specifications to the Transmission Planner 
one time or whenever the operating specifications change thereafter. 
 
For auditing purposes, if a PSS is not providing damping to the system as 
allowed in Requirement R1, the disabled period does not count against 
the 100% criterion of Requirement R2.  

 
R2. Each Generator Operator shall have its PSS in service during all 

operational hours, except when the Generator Operator has notified the 
Transmission Operator that the PSS is removed from service for any of 
the following circumstances: [Violation Risk Factor: Medium] [Time 
Horizon: Operating Assessment] 

 
• Power loss, 
• Component  failure, 
• Testing of a BES Element affecting or affected by the PSS, 
• Maintenance, (or) 
• As agreed upon by the Generator Operator and the Transmission 

Operator.  
 
 
 

M2.  Each Generator Operator will have documented evidence that its PSS 
was operating to provide system damping to the Bulk-Electric System 
during all operational hours, except when the Generator Operator has 
notified the Transmission Operator that the PSS is not providing power 
system damping under those circumstances specified in Requirement R2.   
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This list of allowed exceptions in Requirement R2 is for the operating 
assessment horizon, is exclusive from and in addition to the listed 
conditions in Requirement R1 for the planning horizon.    

  
 For auditing purposes, if the Generator Operator provides evidence that a 

reported value below 100% was the result of measurement error, a 
reported value below 100% that is explained by the measurement error 
will be deemed acceptable evidence of compliance with Requirement R2. 
 
For auditing purposes, if a PSS is not providing damping to the system as 
allowed in Requirement R1, the disabled period does not count against 
the 100% criterion of Requirement R2.  
 
Where an exception to Requirement R2 is claimed, the Generator 
Operator will have documentation showing each of the following:  
 
1)  All hours during which the PSS was not operating as allowed by 

one or more of the specified exceptions;  
2)  An explanation for all hours during which the PSS was not 

operating as allowed by one or more of the specified exceptions;  
3)  That the Transmission Operator was notified that the PSS was not 

operating as allowed under a Requirement R2 exception.  
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R3. Each Generator Operator shall set its PSS so that the PSS provides the 

following performance:  [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

 
1) PSS shall be set to provide a 

compensated frequency response of 
the excitation system and 
synchronous machine such that 
through the frequency range from 0.1 
Hertz to 1.0 Hertz the phase will not 
exceed ±30 degrees. 

2) PSS output limits shall be set to 
provide at least ±5% of the 
synchronous machine’s nominal 
terminal voltage.   

3) PSS gain shall be set to provide a gain margin of at least 6 Db.   
4) PSS washout time constant shall be no greater than 30 seconds. 

 
M3. Each Generator Operator will have documented evidence that its PSS 

was set to perform in accordance with each of the criteria stated in 
Requirement R3.   Evidence may include, but is not limited to, a 
completed Attachment A for this standard that reports: 1) output limits, 2) 
per unit gain, 3) washout-time constant, and 4) bode plots of the PSS. 

 
R4. Each Generator Owner shall install on its 

generator a PSS, within 180 days of either 
of the following events:  [Violation Risk 
Factor: Medium] [Time Horizon: 
Operational Assessment] 

 
• The Generator Owner connects a 

generator to the BES, after 
achieving Commercial Operation, 
and after the Effective Date of this 
standard; (or) 

• The Generator Owner replaces the voltage regulator on its existing 
excitation system, after achieving Commercial Operation and after 
the Effective Date of this standard. 

 
M4.   Each Generator Owner will have evidence that it installed a PSS on its 

generator, within 180 days of either connecting a generator to the BES or 

Rationale:  Requirement R3 covers the 
operating horizon.  
 
Intent is to set the equipment so that the PSS 
provides damping of inter-modal oscillations 
and does so by meeting the specified 
performance criteria.   
 
   
 
 

Rationale:  Requirement R4 covers the 
operating horizon.  
 
The intent of Requirement R3 is to set tuning 
specifications.  It does not specify a required 
equipment performance.   
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replacing the voltage regulator on its existing excitation system, whenever 
either occurrence occurs after the Effective Date of this standard.  

 
R5. Each Generator Owner shall repair or replace a non-operating PSS within 
 24 months of that unit becoming non-operational. [Violation Risk Factor: 
 Medium] [Time Horizon: Operational Assessment] 
 
M5. Each Generator Owner will have evidence that it repaired or replaced a 

non-operational PSS within 24 months of that unit becoming non-
operational.  Evidence may include, but is not limited to, documentation of: 
1) the date the unit became non-operational, and 2) the date the unit was 
returned to service, the span of time between the two events being within 
24 months of one another. 

 
C.  Measures 

THIS DOCUMENT WILL BE REFORMATTED PLACING MEASURES IN 
THIS SECTION.  

  
C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 
For entities that do not work for the Regional Entity, the Regional Entity shall 
serve as the Compliance Enforcement Authority.  
For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and 
FERC or other applicable governmental authorities shall serve as the 
Compliance Enforcement Authority.  
For responsible entities that are also Regional Entities, the ERO or a 
Regional Entity approved by the ERO and FERC or other applicable 
governmental authorities shall serve as the Compliance Enforcement 
Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 
Self-Certifications 
Spot Checking 
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Compliance Investigations 
Self-Reporting 
Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity 
is required to retain specific evidence to demonstrate compliance.  For 
instances where the evidence retention period specified below is shorter 
than the time since the last audit, the Compliance Enforcement Authority 
may ask an entity to provide other evidence to show that it was compliant 
for the full time period since the last audit.  
 
Each Generator Operator shall keep evidence for Requirement R1 through 
R3 for three years plus calendar current. 

 
1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
THIS SECTION WILL BE REVISITED. 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R1 Operations 
Assessment 

 

Low10 NA NA NA There shall be 
a Severe11 
Level of non-
compliance if 
PSS is found to 
be out of 
service at any 
time for any 
reason other 
than as allowed 
in requirement 
R1. 

R2 Operations 
Assessment 

Medium  Occurs when 
the Generator 
Operator fails 
to use one of 
the minimum 
tuning criteria 
stated in 
Requirement 
R2.  

 

Occurs when 
the Generator 
Operator fails 
to use two of 
the minimum 
tuning criteria 
stated in 
Requirement 
R2. 

Occurs 
when the 
Generator 
Operator 
fails to 
use three 
of the 
minimum 
tuning 
criteria 
stated in 
Requirem
ent R2.  

Occurs when 
the Generator 
Operator fails 
to use four or 
more of the 
minimum 
tuning criteria 
stated in 
Requirement 
R2.  

R3 Operations 
Assessment 

Medium  NA NA NA There shall be 
a Severe12 
Level of non-
compliance if a 
PSS is not 
installed in the 
specified time 
line as required 
in Requirement 
R3.  

 

                                                 
10 (Guidance VRF) See “Medium” definition.  

11 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
12 (Guidance VSL) For R3, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Risk%20Factors.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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Attachment A 

  
Output Limit Settings   
Gain   
Washout Time Constant   

 

Bode Plots 
Excitation response with 
unit connected to electrical 
system without PSS in 
service. (This is a VT/Vref 
measured response.) 

  

Excitation response with 
PSS in service and unit 
connected to electrical 
system. This plot can be 
either via test or calculated 
based on PSS settings 
and measured response of 
the first plot.  
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Guideline and Technical Basis 
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field 
of the generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for 
some of these units to be out-of-service whenever necessary. 
 
Facilities 
 
The Commercial Operation designation was chosen because the tuning of the PSS is 
among the last steps taken to bring the generator to full operation, either initially or after 
subsequence maintenance or upgrade.  Without the pre-qualifying condition the 
Generator Operator would be required to tune the PSS out-of-sequence in order to 
reach compliance.     
 
Requirement R1 
 
The rationale behind Requirement R1 is that PSS offers damping to the system thereby 
enhancing system stability.  Whenever possible, that damping should be provided to the 
system through the continuous operation of the PSS. 
 
It should be noted that a PSS can be fully operational in accordance with Requirement 
R1 while not producing any damping if tuned in accordance with Requirement R2.  
Specifically, if the PSS is tuned to automatically disable during specific events, that unit 
is fully operational even though it is not providing damping to the system.  
 
Requirement R2 and Attachment A 
 
The rationale behind Requirement R2 is that a minimum tuning threshold should be 
applied to each PSS with the goal of providing a minimum threshold of damping to the 
system.   
 
There is an interrelationship between the phase compensation and the washout time 
constant. Short washout time constants provide additional phase compensation in 
frequency-based PSS at the lower frequencies while dramatically reducing the gain. 
 
A washout time constant of 10 seconds or less is recommended to quickly remove low 
frequency components (below 0.1 Hz) from the PSS output. The smaller time constant 
will reduce the influence on the system voltage from the PSS during any 
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sustained/extended frequency deviation (i.e., loss of generation), especially if the PSS 
has a high gain setting. 
 
Requirement R2, Number 5 
 
This tuning feature was included to ensure consistent damping after the generator’s 
PSS reaches full operation.  This feature recognizes that the PSS damping contribution 
may be minimal or in some cases erratic until reaching full operation.  During this period 
the PSS should be disabled.   
 
For example, PSS output may be blocked on a 100MW generator until that generator 
reaches an output of 40 MW.  This is done because while operating at low power the 
PSS contribution will be insignificant and the PSS, when in the active state is 
continuously modulating the field circuit of the generator causing rapid changes in the 
field voltage and reactive power.  
 
Requirement R2, Number 6 

 
This tuning feature was included to ensure that operation of the PSS is automatically 
disabled using control circuitry in order to protect the equipment from damage while 
ramping through a cavitation zone, commonly called “rough zones.”   
 
Requirement R3 
 
The rationale for Requirement R3 is that within the Western Interconnection, PSS adds 
to the stability of the Bulk-Electric System through damping.  Locating PSS throughout 
the Interconnection adds a broader geographic footprint and better disperses the 
location of the damping equipment. The requirement recognizes that not all generators 
have PSS installed; however, as those generators are upgraded, the addition of PSS to 
each such generator is required to ensure the reliability of the BES.  At the Effective 
Date of this standard, the preferred type of PSS that is able to meet the tuning 
parameters of R2 is an integral of accelerating power type, designated PSS2A.   
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Consideration of Comments  
Comment Report Form for WECC-0107 
 
Power System Stabilizer (PSS) Design and Performance 
WECC Regional Reliability Standard 
 
Posting 1 
 
The WECC-0107 PSS Drafting Team (DT) thanks everyone who submitted comments 
on the proposed project.  
 
Overview 
 
The proposed standard would be applicable to the Generator Owner and the Generator 
Operator. 
 
Facility Threshold 
 
The proposed standard adopts the BES applicability threshold.  
 
Requirements and Measures 
 
Within existing NERC and WECC Standards, there are currently Requirements to 
model1, plan2, and to run3 PSS (98% of operating hours except under twelve specified 
conditions).4 
 
The proposed standard would reframe the operating mandates creating requirements 
for the Generator Operator (GO) to: 1) provide the Transmission Planner with the GO’s 
Power System Stabilizer (PSS) operating specifications, 2) to have the PSS in service 
during all hours unless specifically exempted, and 3) tune its PSS so that the PSS 
provides a specific performance.  
 
The Generator Owner would be required to: 1) install PSS under specified 
circumstances occurring after the Effective Date of the standard, and 2) repair or 
replace and existing PSS within 24 months of the PSS becoming non-operational. 
 

                                                 
1 MOD-026-1 and MOD-032-1 
2 TPL-001-4, VAR-002-X 
3 VAR-501-WECC-1, Power System Stabilizer 
4 VAR-501-WECC-1, Power System Stabilizer, Requirement R1.  
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The proposed document honors the Ballot Pool results of the WECC-0105 “P81” redraft 
endeavor (June 25 through July 18, 2014), removing documentation requirements from 
the Requirements and relocating them into the Measures. 
 
Posting 
 
This document was last posted for a 45-day public comment period from July 1, 2014 
through August 15, 2014.    
 
WECC distributed the notice for the posting on June 27, 2014.  The Drafting Team 
asked stakeholders to provide feedback on the proposed document through a 
standardized electronic template. WECC received comments from four companies 
representing five of the eight Industry Segments, as shown in the table on the following 
page.  
 
Location of Comments 
 
All comments received on the document can be viewed in their original format here. 
 
Changes in Response to Comment 
 
The Facilities section was deleted.  
 
Requirement R2 was modified to clarify that the “testing” bullet applies to testing of a 
BES Element affecting or affected by the PSS.  A final bullet was added allowing for 
non-operation “as agreed upon by the Generator Operator and the Transmission 
Operator.”  The structure of Requirement R2 was changed to mandate a prescribed 
performance output as opposed to meeting a specified tuning criteria.  
 
Requirement R3, numbered section 3 was changed so that the PSS shall be set to 
“provide a gain margin of at least 6 Db.”  Sections 5 and 6 describing the feature of 
automatic disability were deleted.  The drafting team believes these features should be 
described in any communication created as a result of Requirement R1. 
 
The direct reference to PSS2A-type equipment was redrafted to describe specified 
performance as opposed to a PSS2A comparison.    
 
Requirement R4 incorporated the Commercial Operation trigger previously included in 
the Facilities section.  
 
Requirement R5 was added to ensure that the Generator Owner repairs or replaces an 
out-of-service PSS within 24 months of that unit becoming non-operational.  
 
The Compliance table was updated.  
 
Minority Comments Summary 
 
A request to expand the Requirement R3 phase performance from 30 degrees to 45 
degrees was rejected; however, the team agreed to revisit the matter. 
 

http://legacy.wecc.biz/Standards/Development/WECC-0107/Lists/WECC0107%20Posting%201%2045Day%20Comment/AllItems.aspx
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A request to exempt certain entities was rejected, opting instead to make the document 
applicable to facilities meeting the Bulk-Electric System (BES) definition.  Entities 
seeking an exemption from the BES may do so through the procedures provided by 
NERC as approved by FERC.     
 
A request to exempt older units was rejected because drawing a bright line for “older” 
machines was deemed impractical and inequitable.  An accommodation was made by 
requiring installation of equipment only after reaching Commercial Operation, after the 
Effective Date of the standard, and after either connecting to the BES or replacing the 
voltage regulator on an existing excitation system. 
 
No changes were made to the Effective Date noting that existing PSS within WECC 
should already be meeting the Requirements and any changes or additions to the 
equipment would not be immediately triggers, allowing up to 24 months to reach 
compliance.  
 
The twelve “exceptions” and an allowance to be out-of-service two percent of the time 
for any reason as allowed in the existing standard were not retained but were 
accommodated by creating the possibility for exemption under Requirement R1 
(planning horizon), plus Requirement R2 (operational horizon), and an additional bullet 
in Requirement R2 that allows for being out-of-service in the event the Generator 
Operator and the Transmission Operator agreed it was necessary.  The drafting team 
concluded this expanded list of possible exemptions was a reasonable proxy for the two 
percent.   
 
A request to lower the Violation Severity on Requirement R1, administrative in nature, 
was not accepted because the language is binary in nature and mandates a “Severe” 
rating.  The drafting team does not have a choice.  
 
Action Plan 
 
The team will continue its discussions on changing the phase requirement in 
Requirement R3. (SUBSEQUENT ENTRY:  This item was addressed by redrafting the 
requirement.  See Posting 3.)   
 
An iterative version of the document will be forwarded to the WEC Standards 
Committee with a request to post for a 30-day comment period.  
 
Contacts and Appeals 
 
If you feel your comment has been omitted or overlooked, please contact the Manager, 
WECC Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there 
is a WECC Reliability Standards Appeals Process.5 

                                                 
5 The appeals process is described in the Reliability Standards Development Procedures: 
http://www.wecc.biz/Standards/Documents/WECC%20Reliability%20Standards%20Development%20Pro
cedures.aspx 
 

mailto:sblack@wecc.biz
http://www.wecc.biz/Standards/Documents/WECC%20Reliability%20Standards%20Development%20Procedures.aspx
http://www.wecc.biz/Standards/Documents/WECC%20Reliability%20Standards%20Development%20Procedures.aspx
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The WECC Standards Voting Sectors are: 
 
1 — Transmission Sector 
2 — Generation Sector  
3 — Marketers and Brokers Sector 
4 — Distribution Sector  
5 — System Coordination Sector 
6 — End Use Representative Sector 
7 — State and Provincial Representatives Sector 
8 — Other Non-Registered WECC Members and Participating Stakeholders Sector 
 
Commenter Organization WECC Standards Voting 

Sectors 
 1 2 3 4 5 6 7 8 

1 Janet Smith on behalf of Baj 
Agrawal 

Arizona Public 
Service 
Company 

X X X X X    

2 Caitlin Liotiris Western Power 
Trading Forum 
(WPTF) 

  X      

3 Leland McMillan PPL Montana, 
LLC 

 X X      

4 Cain Braveheart,  Bonneville 
Power 
Administration 

X  X X X    
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Index to Questions, Comments, and Responses 

Question  
 

1. The WECC-0107 Drafting Team welcomes comments on all aspects of 
this document. 
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1.  The WECC-0107 Drafting Team welcomes comments on all aspects of this document.  

Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

Arizona Public Service   In reference to Requirement 2, the following comments are provided: 

• R2: The ± 30 degrees criteria should be relaxed to ± 45 degrees and with a 
comment that it be generally within ±30 degrees. There are many situations 
where ± 30 degrees is not attainable.  APS Suggests a revision to 
the language of this requirement, which would read: "PSS shall provide a 
compensated frequency response of the excitation system and synchronous 
machine such that through the frequency range from 0.1 Hertz to 1.0 Hertz 
the phase will generally be within±30 degrees but not exceed ±45 degrees.  

• R2: It should refer to minimum gain margin only. There should be no limit on 
higher gain margins. There are many situations where gains are based upon 
providing adequate damping and actual gain margin is much higher than 10 
db. There are other situations where it is not even possible to know what the 
true gain margin is. 

• R2: Automatically disconnecting PSS should not be a requirement. It should 
simply be allowed to be off line at low loads. APS suggests a revision to 
the language of this requirement with would read: "PSS should be on or 
should be automatically enabled when the generator power output is above a 
threshold typically near minimum stable operating load level."  

In reference to Requirement 3, the following comment is provided: 

• There should be no reference to damping greater than that for PSS2A. It is 
impossible to measure such effectiveness. 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

1)  Issue 1 Requirement R2 “Phase”:  

The WECC Policy Statement on Power System Stabilizers has been in effect since April 18, 2002 and has included the 30 degree 
threshold since that time.  Historical experience indicates the 30 degree has served well to meet the reliability needs of the 
Interconnection.  No changes were made.  The drafting team agreed to continue its study in the appropriateness of the numeric value. 

(SUBSEQUENY ENTRY:  The DT addressed APS’s “30 degree” concerns in Posting 3.)     

2) Issue 2: “Gain” and related ranges:   

The drafting team has considered your suggestions and made the following changes. 

• The Requirement was restructured to be a performance-based requirement as opposed to merely a requirement to set the 
equipment at a specified parameter.  

• In #3, the language was changed to reflect “a gain margin of at least” 6db as opposed to setting a minimum and a maximum.  
• #5 and #6 (automatically disabled) were eliminated and the concept of planned non-operation, such as through a cavitation 

range, was incorporated into the new Requirement R1 that allows for a “one time” notice to the Transmission Planner that the 
Generator Operator intends a planned non-operation for specific purposes.  

3) Issue 3: PSS2A 

The drafting team concurs and has changed the Requirement, deleting that phrase, and cross-referenced the Requirement to the 
performance criteria mandated elsewhere in the document. 
WTFP   The proposed modifications to VAR-501-WECC would add mandatory and 

enforceable PSS design and performance requirements for generators in the 
Western Interconnection.  The modifications would also require the installation of 
PSS to synchronous generators that are newly interconnected to the BES or to 
existing generators that are updated, modernized or renovated.  In addition, the 
proposed modifications would change the current requirements for PSS operation 
contained in R1 of VAR-501-WECC-1. The comments below ask the Drafting Team 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

to provide clarity as to when PSS installation is required and to consider the impacts 
of the proposed modifications on older, analog units, which may have significant 
difficulty complying with the minimum PSS specifications that are proposed.  In 
addition, the following comments ask the Drafting Team to either retain the current 
PSS operation requirements in R1 of VAR-501-WECC-1 or provide justification for 
the significant changes that are being proposed.   

The proposed modification uses the terms “renovates”, “modernizes” and “updates” 
to indicate when PSS installation would be required on an existing generator.  
However, these are not defined terms.  The use of these undefined terms increases 
the probability that there would be different interpretations of when renovation, 
modernization or updates to an excitation system occur and, thus, when PSS 
installation is required for compliance purposes.  Although the use of new regional 
definitions is typically not encouraged by NERC, the use of these terms may warrant 
the development of new regional definitions.  The Drafting Team should consider 
developing definitions for the terms “renovates”, “modernizes”, and “updates.”  
Alternatively, if the Drafting Team feels that regional definitions for these terms are 
not appropriate, then the standard should be modified to remove the terms and 
include specific circumstances under which a PSS should be installed.  For 
instance, the installation of a PSS on an existing generator could be required when 
nameplate capacity is increased, when investment in the excitation system exceeds 
a threshold value, or when capital investments are made that are intended to extend 
the life of the plant by a threshold number of years.  In either case, the Drafting 
Team should provide clarity on what activities are considered renovations, 
upgrades, or modernization to an excitation system so that generators fully 
understand when installation of a PSS is required for compliance purposes. In 
addition, the Drafting Team should clarify that PSS installation is only required for 
existing generation facilities that are connected to the BES.  The current language 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

appears to imply that ALL existing generators must install a PSS upon renovation, 
upgrade or modernization of the excitation system. 

The PSS specifications contained in the proposed modifications may be excessively 
difficult for older, analog units to comply with.  WPTF urges the Drafting Team to 
consider how each proposed specification requirement might impact older, analog 
units.  If the requirements are kept in their current form, the Drafting Team should 
consider adding an exemption for older units.  Furthermore, in establishing the 
effective date of the standard, the Drafting Team should consider that, in order to 
comply with the specifications, older units may need to order new equipment and 
take the unit out of service to install that equipment.  Therefore, additional time to 
implement the standard may be required. Although the current effective date would 
provide about one year until the standard would become effective, 18 months or 
more may be required for older units that will require PSS upgrades. 

In addition to adding PSS performance measure to the standard, the proposed 
modifications would substantially change the current requirements for PSS 
operation and eliminate potentially important exemptions for PSS operation.  Yet, 
justification for these changes has not been provided.  The Drafting Team should 
provide documentation supporting each proposed change to the requirement for 
PSS operation or should retain the existing requirements contained in R1 of VAR-
501-WECC-1. 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

VAR-501-WECC-1 requires that PSS be in-service for 98% of the time, except 
under certain conditions.  The proposed modifications would change the 
requirement for PSS operation to 100%, except when the PSS is disabled due to 
power loss, component failure, testing, or maintenance.  An increase to a 100% in-
service requirement for PSS operation appears to increase compliance risk without 
providing substantial reliability benefits beyond the current 98% requirement.  
Furthermore, the proposed change would remove the exemptions for PSS operation 
for generators that operate less than 5% of all hours during a quarter, time when the 
AVR is out of service, units operating in synchronous condenser mode, etc.  The 
Drafting Team should provide justification for increasing the requirement for PSS 
operation to 100% and also explain why each individual exemption for PSS 
operation should be removed.  

The proposed revisions to R1 would eliminate time requirements for putting a PSS 
back in-service following component failure (currently contained in R1.8, R1.9 and 
R.10).  Removing these requirements could increase the amount of time a PSS is 
out of service, which may have adverse reliability impacts.  The removal of R.12 
(which exempts PSS operation during times when the Transmission Operator 
directs the Generator Operator to operate even though the PSS is unavailable) 
could also have adverse reliability impacts, which the Drafting Team should 
evaluate prior to proposing their elimination from the standard.   

The Drafting Team should consider maintaining the existing language in R1 of VAR-
501-WECC-1.  If the Drafting Team moves forward with the proposed changes to 
R1 of VAR-501-WECC-1, substantial justification for each proposed modification 
should be provided and the potential impacts to reliability should be considered for 
beach change that is proposed (including justification for each exemption that is 
removed).  
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

 
1)  Issue 1: Renovations 

The drafting team agrees that the posted language was ambiguous.  To remedy the issue, the Requirement has been redrafted to 
require action only when:  

• The Generator Owner connects a generator to the BES, after achieving Commercial Operation and after the Effective Date of this 
standard; (or)   

• The Generator Owner replaces the voltage regulator on its existing excitation system, after achieving Commercial Operation and 
after the Effective Date of this standard. 

The Generator Owner is allowed six months to comply.  

The drafting team believes this approach protects existing Generator Owners from a mandate to install a PSS – except under the 
specified circumstances.  The first bullet grandfathers existing units while the second bullet links installation of new PSS to the specific 
event of replacing the unit’s voltage regulator.  The drafting team believes this latter event is a common denominator that would be 
undertaken by each Generator Owner during a renovation, modernization, update, or upgrade. 

2)  Issue 2:  BES   

The drafting team has deleted the Facilities section noting that by default, all Standards are applicable only to the BES Facilities, 
unless otherwise specified.  

3) Issue 3: Older Units 

The drafting team notes that no action is required until the voltage regulator is changed or the unit is connected to the BES.  So long 
as an “older” unit does not require that servicing or is not newly connected to the BES, there is no action required regarding the “older” 
unit.  By contrast, once the unit is identified for servicing, it would be an appropriate time to require the installation of a PSS.  Finally, 
the drafting team opted not to adopt an exception for “older” units noting that no matter what age was specified for an “older” unit, 
drawing a bright line would always be inequitable for someone.   



 

12 
 

Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

4) Issue 4:  Effective Date    

The drafting team opted to make no changes to the Effective Date noting that the majority of the PSS systems within WECC should 
already be set as specified.    

5) Issue 5:  Retain R1 from the existing standard 

The existing VAR-501-WECC-1 requires a Generator Operator’s PSS to be in service 98% of all operating hours for synchronous 
generators equipped with PSS.  R1.1-R1.12 gives the Generator Operator 12 specified circumstances during which it does not have to 
operate.  As evidence, quarterly reports are filed. 

These 12 events in R1 are not exhaustive of all of the actual events that could be addressed; however, as drafted they are the only 
events specifically considered for exclusion.  As proposed Requirements R1 (planning horizon) and R2 (operational horizon) provide 
the Generator Owner with a broader, non-exhaustive, less restrictive set of events during which operation is not required.  The 
counterbalance to this flexibility is the requirement that the PSS be always in-service unless specifically exempted. 

It should also be noted that the basic premise of the existing standard is documentation as opposed to the newly proposed standard 
that is performance based.   

The drafting team believes proposed Requirement R1 preserves the existing R1.3, R1.4, R1.5, R1.6, R1.7, R1.11, with the added 
benefit of only requiring a single reporting as opposed to a quarterly reporting.  Proposed Requirement R2 preserves the existing R1.2, 
R1.8, R1.9, and R1.10. 

Although the existing R1.12 could be covered in either the proposed R1 or R2, depending on the circumstances, the drafting team has 
opted to add an additional bullet to the proposed R2 to clarify treatment of the exception and to allow the Generator Operator and the 
Transmission Operator the opportunity to identify unforeseen circumstances in the operational horizon during which the reliability of 
the grid is best served if the PSS is out-of-service.  R2 has been changed as follows:     

R2. Each Generator Operator shall have its PSS in service during all operational hours, except when the Generator 
Operator has notified the Transmission Operator that the PSS is removed from service for any of the following 
circumstances: [Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

 
• Power loss, 
• Component  failure, 
• Testing of a BES Element affecting or affected by the PSS, 
• Maintenance, (or) 
• As agreed upon by the Generator Operator and the Transmission Operator.  

6) Issue 6: Removes exemption (Existing R1.1)  

The focus of the proposed standard switches from merely counting hours to requiring actual performance.  The existing R1.1 counts 
hours and creates exemptions but does not provide for performance.  The purpose of the performance is to add stability to the grid.  
Requiring the “five percenters” to run adds a margin of stability.  Arguably, these few units add only a modicum of additional reliability 
individually; however, when considered in the aggregate these units bring a viable resource to the stability of the Interconnection.  
Further, when the grid is stretched to extremes such as in days of peak load, it is the performance of the last few percentages of units 
that either makes or breaks “performance.”  Thus, the drafting team concluded the Requirements should apply to all generators 
meeting the BES definition.  

The drafting team has discussed the benefit/burden elements of including the five-percenters and concluded that burden to have a 
PSS operating at all times is low compared to the benefit of having those units operating and performing when needed.  To otherwise 
exempt them leaves a potentially valuable resource unavailable during times of peak need. 

That said, the drafting team recognized that the “Section 5 Facilities” qualifier could add confusion as to “which” units the standard 
applies.  To remedy this concern, the Facilities qualifier has been removed and the Commercial Operation feature exported to the 
Requirements.  As a result, by default the standard only applies to those elements meeting the Bulk-Electric System (BES) definition.  
If a “five percenter” falls outside of the BES definition it will not be required to adhere to the standard.     

Finally, under the existing R1.1. the five-percent unit is still required to provide quarterly reports.  Depending on how that unit is 
affected by the proposed R1 and R2, the unit may be able to dramatically reduce its reporting burden.  
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

7) Issue 7: Requirements for putting units back on line 

The existing Requirement R1, sub-parts R1.1.8, 1.9, and 1.10 require that PSS will be in operation unless it meets a listed exception.  
The specific exception in each of the sub-parts is “due to component failure.”  This exception is retained in the proposed Requirement 
R2. 

The team notes that in each of the existing sub-parts R1.8, R1.9, and R1.10, the subsequent portion of the sentence does not create a 
requirement; rather, it creates a permissible condition predicated on submittal of document.  The submittal of documentation neither 
adds nor subtracts from the reliability of the grid.  

To address the concern that a Generator Owner may unreasonably delay repair or replacement of a non-operational PSS, the team 
has created a new Requirement stating: 

R5. Each Generator Owner shall repair or replace a non-operating PSS within  24 months of that unit becoming non-
 operational. [Violation Risk Factor:  Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced a non-operational PSS within 24 months of that 
unit becoming non-operational.  Evidence may include, but is not limited to, documentation of: 1) the date the unit 
became non-operational, and 2) the date the unit was returned to service, the span of the time window between the two 
events being within 24 months of one another. 

The rationale for the 24 month window is that it provides the Generator Owner an ample window to either procure a replacement part 
or to purchase and bring operational and entirely new PSS.  

8)  Issue 8:  Removal of R.1.12 

Please see response to Issue 5.  
PPL Montana   Summary 

1) PPL Montana, LLC (PPLM) requests this Power System Stabilizer (PSS) 
standard only apply to BES plants. Accordingly, Requirement R3 should be re-
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

written and the second part of R3 removed.  The drafting team has not shown the 
benefits of indiscriminately putting PSS equipment on small facilities and ignores the 
Study Progress Report (April 2014) showing smaller plants have little impact on 
damping. Requiring the installation of PSSs on all generators (large and small) 
cannot be justified as a way to enhance electric system reliability. 

a. There is no justification for including plants too small to be part of the BES in 
this standard. 

b. Non-BES plants should be free to “renovate(ing), modernize(ing) or 
update(ing)” an existing excitation system without installing a PSS.  

2) PPLM requests that R1 be modified to include language that allows the 
operator of a PSS-equipped facility to not have the PSS in-service for a small 
amount of time, such as in the existing PSS standard Requirement 1 which allows 
for a small percentage of time for the PSS to be off and includes other important 
exceptions (including those now in Requirement R2-5 and R2-6). 

Discussion 

PPLM commends the WECC-0107 PSS standard drafting team (SDT) for 
recognizing the history of PSS application in the west and the limitations of recent 
PSS study work. The study report completed in April, 2014 (the “report”) is to be 
commended for the thoughtful (albeit limited) analysis put forth. Several times in this 
report, the author states that PSS location and tuning are critical factors for WECC 
grid stability. Thanks to the efforts of the SDT, the standard now contains tuning 
information in R2 (items 1-4) that should be helpful to all generator owners. 
Unfortunately, the issue of location has yet to be addressed and for reasons that are 
unclear, an “all generators” approach was adopted by the SDT. 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

The report clearly states that PSS location is important.  It appears to be possible to 
identify critical PSS locations because the report shows three Mode Shape Scatter 
Plots involving location. Unfortunately, the proposed WECC PSS standard does not 
address where it might be best to install PSSs, opting instead for an “all” policy 
where all PSSs at all locations are deemed to all be equally as effective at mode 
dampening. The standard is actually contrary to statements in the report that while 
more than half of the generators in the WECC study case are less than 75 MVA, 
there is “negligible” difference when turning off all 50 MVA PSSs vs turning off all 25 
MVA PSSs.  As the graph for the BC-Alberta outage shows (using the Malin 500 kV 
voltage) not only is the difference between 25 and 50 MVA “negligible,” the resulting 
damping is positive (positive damping is good for reliability) when either the 25 or 50 
MVA PSSs are turned off. Clearly, having a PSS on all plants does NOT increase 
reliability in any meaningful way. Thus this standard will most likely result in an over-
application of PSSs. 

 

Also, please note that the consequences of failing to comply with this standard are 
extreme because both R1 and R3 only have one Violation Severity Level (VSL) and 
that is “Severe,” extracting potentially large fines for small infractions whose impact 
on grid reliability may be inconsequential because as shown in the Malin 500kV 
voltage plot in the report, when entire groups of many hundreds of machines less 
than 50 or 25 MVA were turned off, there was “negligible” difference in reliability 
than when all PSSs were on. There simply is no justification for the “Severe” VSL 
when one machine has the PSS turned off. 

 

The report states that since 1992, the cost of installing and operating a PSS was an 
important consideration to the WECC and cost was correctly used to justify limiting 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

the application of PSSs to plants over a certain MVA threshold. Today, cost 
effectiveness cannot look at hardware purchase price alone. There are tuning costs 
which may actually exceed the hardware costs. There are costs that may come 
about to maintain compliance with a very strict standard. All of these costs point out 
how incorrect the statement is in the report that “Now it is not unusual to apply PSS 
at no additional cost.” 

 

Further, PPLM requests removal of the second part of R3 which states 
“renovate(ing), modernize(ing) or update(ing)” an existing excitation system, no 
matter what size the machine or plant, will require a PSS. PPLM requests removal 
of the second part of R3 because as described above, the drafting team has not 
shown the benefit of indiscriminately putting PSS on small facilities compared to the 
cost and consequences. Additionally, and possibly a demonstration of the rule of 
unintended consequences, some GOPs may forego upgrading exciters and AVRs to 
avoid the cost of installing and operating (and risking a compliance violation related 
to) a PSS. This may actually reduce grid reliability because it may discourage the 
generator owner from renovating, modernizing or updating their excitation system. 

 

R1 of the new standard requires perfection in operating a PSS by requiring the PSS 
be on-line 100% of the time it is working. While this sounds straightforward and 
simple, it is very complex and results in what might be an inappropriate prioritization 
of operator duties and at the very least increases the possibility of a GOP 
compliance violation. Certainly a functional PSS improves WECC grid reliability, but 
it will in no way jeopardize the reliability of the WECC grid to write a standard to 
recognize a small tolerance for generator operator imperfection. Indeed, the SDT 
has noted in Requirement 2 Items 5 and 6 that there are exceptions when the PSS 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

does NOT have to be turned on.  

 

In reality, having the operator focus so intently on the PSS might actually be a 
serious distraction. For example, if the operator is bringing up a machine at a hydro 
plant, while at the same time reducing spill to keep the river flow constant for the 
fishery, while also at the same time moving the unit through a rough zone, while 
meeting the energy scheduling requirements, it may take a minute or two to bring 
the PSS on-line. As R1 is proposed, the one or two minute delay would appear to be 
a Severe violation possibly resulting in a fine.  Creating this standard with perfection 
required in R1 is the easy part: GOPs having to live with PSS perfection at the 
expense of all other actions for 24x7x365 is the hard part. 

 

R1 as written is unreasonable and conflicts with R2-5 and R2-6. The SDT should 
restore the previous 2% exception and accompanying exclusions (see BES 
Definition Guidance Document II.2 BES Inclusion I2 and VAR-501-WECC-1) for R1. 
To show how this standard holds generator operators to an unreasonable standard 
of perfection, examine a comparison between the generator operator requirements 
and transmission operator or balancing authority requirements. Recall that 
Balancing Authorities are not held to perfection in the BAL standard for Control 
Performance Standard CPS-2 where the target is 90%. Further, Transmission 
operators have a full 30 minutes to get under a System Operating Limit (SOL). 
Certainly there are reliability consequences of the BA and TOP actions in these two 
areas, but only the GOP is held to perfection. Please restore the 98% requirement 
and the 12 exclusions as shown below in the current standard. The SDT has not 
justified the need for PSS perfection beyond that required of other NERC functional 
entities that may impact reliability more than a PSS. 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

 
1)  Issue 1:  BES 

The drafting team concurs that the standard should only apply to the BES.  The team has removed “Section 5 Facilities” so that by 
default the standard only applies to the BES.   

The concept of applicability by virtue of a “Commercial Operation” date has migrated to the proposed Requirement R4 making that 
specific Requirement tied to the Commercial Operation date as one of the qualifiers.  

The proposed Requirement R4 is as follows:  

R4. Each Generator Owner shall install on its generator a PSS, within 180 days of either of the following events:  [Violation 
Risk Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving Commercial Operation, and after the 
Effective Date of this standard; (or) 

• The Generator Owner replaces the voltage regulator on its existing excitation system, after achieving Commercial 
Operation and after the Effective Date of this standard. 

2)  Issue 2:  Justify putting PSS on smaller units. 

The drafting team concurs.  The document as proposed would only apply to BES units and would not require either installation or 
operation of a PSS on any unit not meeting the BES definition.  Any unit meeting the PSS but currently excluded under the WECC 
PSS Policy could petition NERC/FERC for an exemption under the procedures provided.   

3)  Issue 3:  Should include an allowance to not run (keep the 98% hours) 

The drafting team notes that the focus of the document shifts away from counting hours to requiring performance of the PSS units 
meeting the BES definition.  Rather than specify a period of time during which the PSS could be out-of-service for any reason (the 2% 
of the current standard), the proposed standard shifts to a requirement that the PSS shall be in service at all times…..except when 
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

specifically exempted.   

R1 (planning horizon) allows the GO’s PSS to be out-of-service due to forward-looking circumstances foreseen by the Generator 
Operator.  Since the GO takes the initiative to identify those circumstances, and whereas the GO is the entity that best knows the 
equipment, this places a great deal of flexibility into the hands of the Generator Operator.     

R2 (operating horizon) allows the GO’s PSS to be out-of-service due to: 1) Power loss, 2) Component failure, 3) Testing of BES 
Elements affecting or affected by the PSS, 4) Maintenance, and 5) (newly added) during any circumstances agreed upon by both the 
Generator Operator and the Transmission Operator. 

This final bullet in R2 is added to allow for the unforeseen event, and the extreme (arguably non-existent) unlikelihood that keeping a 
PSS in service could somehow be deleterious to the grid.  This is analogous to NERC EOP-002-3.1, Capacity and Energy 
Emergencies, Requirement R1, wherein the Balancing Authority and the Reliability Coordinator have the responsibility “to take 
whatever actions are needed to ensure the reliability of its respective area.”    

The drafting team concluded that counterbalanced again the mandate for 100% operation, the list of exemptions creates a proxy for 
the 2% cushion allowed by the current standard while closing the door to an indiscriminate set of excluding events. 

4)  Issue 4:  “Severe” VSL is too severe.  

The drafting team notes several observations on this comment.  First, the Violation Risk Factor / Violation Severity Level (VRF/VSL) 
table is not considered part of the standard subject to final determination by the drafting team.  Its proposals are subject to change 
once the document is provided to NERC/FERC.  

The team believes PPL’s comment is more accurately directed to the Violation Risk Factor (VRF) as opposed to the Violation Severity 
Level (VSL). The VRF identifies the potential reliability impact whereas the VSL defines the degree of compliance not achieved.  The 
drafting team has reviewed the VRF and the VSL for each of the newly proposed Requirements. 

The drafting team chose “low” as the VRF for Requirement R1 as it affects the planning horizon, is administrative in nature, and if 
violated, would not be expected to adversely affect the electrical state or capability of the bulk electric system, or the ability to 
effectively monitor and control the bulk electric system.  
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Summary Consideration: A summary of proposed changes in included in the preamble of this document.  
Commenter Yes No Comment 

The drafting team chose a “medium” VRF for the remaining Requirements as they affect the operational horizon, and if violated, these 
Requirements could directly affect the electrical state or the capability of the BES, or the ability to effectively monitor and control the 
BES, but are unlikely to lead to BES instability, separation, or cascading failures. 

In developing the VSLs for each Requirement, the drafting team anticipated the evidence that would be reviewed during an audit, and 
developed its VSLs based on the noncompliance an auditor may find during a typical audit. The drafting team based its assignment of 
VSLs on the following NERC criteria: 

• The “Severe” VSL assigned to Requirements R1, R2, R4 and R5 are not optional.  A violation of a “binary” type requirement 
such as these must have a “Severe” VSL as instructed by FERC. 

• Assignment of the VSLs was comparable to those included in the existing standard. 
• The VSLs avoid any ambiguity by stating the specific degree of non-compliance as opposed to using ambiguous terms such as 

minor, major, or significant. 
• The VSLs are structured so as not to create further requirements not otherwise stated in the Requirement and Measure section 

of the document. 
• The VSLs are based on a single violation, the degree of non-compliance being reflected in the increasing VSL as additional 

components of the Requirement are not met.  

5) Issue 5:  Remove the renovation clause.   

The drafting team addressed the issue in its response to WPTF.  See proposed Requirement R4.   

6)  Issue 6:  Retain the 98%. 

See above at Issue 3 above. 
Bonneville Power Administration 
(BPA)  

  BPA agrees with the requirements as written. BPA has no additional comments at 
this time. 

The drafting team thanks BPA for its continued support of the standards development process.    
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Operational Background 
 
Power System Stabilizers (PSS) are needed in the Western Interconnection to 
dampen operational oscillation.  
 
PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator 
and are designed to add or subtract torque to a generator with the goal of 
damping oscillations on the WECC Interconnection’s Bulk-Electric System (BES) 
that otherwise would be amplified if the AVR is operated by itself.  
 
PSSs within WECC (originally called Supplementary Control Systems) were 
developed in the 1960s in response to power system oscillations on the Pacific 
Intertie within the Western Interconnection.  These oscillations occur at very low 
frequencies (<1 hertz), are very lightly dampened, and became known as “inter-
area modes” (modes) of oscillation because they occurred when real power was 
transferred from one Western Interconnection geographic region to another (such 
as between the Pacific Northwest and the Southwest). 
 
These modal oscillations are the result of a combination of many machines on 
one part of the Western Interconnection BES whose voltage support response to 
system fluctuations is not in phase with the response of machines on another 
part of the Interconnection’s BES. 1 
 
WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. 
RM09-15-000, P23, noted that “in the Western Interconnection a significant 
number of transmission paths are voltage or frequency stability-limited, in 
contrast to other regions of the [BES] where transmission paths more often are 
thermally-limited. Disturbances resulting in a stability-limited transmission path 
overload, generally, must be responded to in a shorter time frame than a 
disturbance that results in a thermally-limited transmission path overload. [FERC 
has also noted] its understanding that this physical difference is one of the 
reasons for the need for certain provisions of regional Reliability Standards in the 
Western Interconnection.”  
                                                 
1 While some areas of other interconnections may experience this phenomenon, 
it is typically seen as only a local issue, not an issue for the entire 
interconnection. In the Western Interconnection, it is seen as both an 
interconnection-wide issue and a local issue. 
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When coupled with generator operations within WECC, these physical 
characteristics create modal oscillations that when not corrected by the 
installation and accurate operation of PSS cause instability within the WECC 
Interconnection. 
 
WECC Procedural Background 
 
This Standards Authorization Request (SAR) to review WECC’s PSS-related 
documents is in response to a WECC Board of Director’s resolution.  
 
On September 5, 2012, the WECC Board of Directors adopted the 
recommendation of the Regional Criteria Work Group that a (SAR) should be 
filed to evaluate VAR-502-WECC-RBP-12, WECC Power System Stabilizer 
(PSS) Design and Performance, a Regional Business Practice (RBP), for 
development as a WECC Regional Reliability Standard (RRS).  Under WECC-
0099, the WECC Control Work Group conducted the review concluding that a 
RRS should be drafted. 
 
On February 11, 2014 during the WECC Standards Committee (WSC) meeting:  
 

“A motion was made by Mr. Joe Tarantino that was seconded by Ms. 
Dana Cabbell to retire WECC-0099 having determined that the assigned 
project was complete, and to approve the proposed iterative SAR [WECC-
0107] to develop a Power System Stabilizer RRS.  The motion carried by 
Consensus.  Mr. Warren Rust abstained.”  WSC Meeting Minutes  

 
On June 25, 2014, the WSC changed the scope of the SAR directing that the 
proposed document be structured so that PSS: 1) where installed, be operating 
unless specifically exempted, 2) tuned as specified, and 3) where not installed, 
installation would be required when a generator is newly interconnected to the 
Bulk-Electric System (BES) or when a generator is updated.  The WSC further 
approved merging WECC-0094 VAR-501-WECC-1 Power System Stabilizers 
into the document and incorporating the “P81”, VAR-501-WECC-2, revisions 
resulting from WECC-0105 (ballot closed July 18, 2014). 
 
Standard of Review 
 
The Federal Energy Regulatory Commission (FERC) has stated that Regional 
Entity Standards or Regional Variances to a NERC Reliability Standard 
                                                 
2 In June 2014, the WECC Board of Directors resolved to eliminate the Regional 
Business Practice (RBP) category defaulting to a WECC Criterion (CRT) category.  

http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
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(Standard) are permissible if they set more stringent reliability requirements than 
the NERC Reliability Standard; or cover matters not covered by an existing 
NERC Reliability Standard; or if they are necessitated by a physical difference in 
the Bulk-Electric System (BES).3 
 
Proposed Structure  
 
The proposed document would merge multiple documents and SARs. 
 
As a result, WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the  
WECC-0105 P81 redraft would merge into WECC-0107 VAR-501-WECC-“3” 
resulting in a document applicable to the BES.   
 
Facilities  
 
The proposed standard would be applicable to units covered by the Bulk-Electric 
System (BES) definition. 
 
Applicable Entities  
 
The proposed standard would apply to the Generator Operator and the 
Generator Owner.  
 
Under the NERC Functional Model, it is the task of the Generator Operator, to 
“report operating and availability status of units and related equipment, such as 
automatic voltage regulators”, of which PSS is a part.4  “Ultimately the Generator 
Operator’s role is to meet generation schedules, manage fuel supplies, and 
provide frequency support and reactive resources without jeopardizing 
equipment.”5  
 
It is the role of the Generator Owner to install equipment. 
 
Current Standard  
 
WECC currently does not have a RRS that specifies the threshold at which a 
PSS must be installed; however, WECC does have an existing policy that 

                                                 
3 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards”, page 
36.  
4 NERC Functional Model, Version 5, “Function – Generator Operation”, Tasks, page 48.  
5 NERC Functional Model, Version 5, “11 Generator Operator”, page 23.  
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addresses that threshold.  (Under WECC’s current policy, a PSS is not installed 
on a station service generator.) 
 
Under WECC’s current policy, a PSS is installed: 
 
1) On synchronous generators, regardless of ownership, that are connected 

to the transmission system (by a generator step-up transformer to 60 kV 
or higher voltage); 
  

2) On every existing synchronous generator that is larger than 75 MVA and 
is equipped with a suitable excitation system as defined in the WECC 
report “Criteria to Determine Excitation System Suitability for PSS”, 
(Report) dated December 1992. 
 

3) On every existing synchronous generator that is larger than 30 MVA, or is 
part of a complex that has an aggregate capacity larger than 75 MVA, if 
the excitation system is updated so that it becomes a suitable excitation 
system as defined in the above mentioned Report.  This applies to all 
machines with excitation systems updated after November 18, 1993. 
 

4) On every synchronous generator that is larger than 30 MVA, or is part of a 
complex that has an aggregate capacity larger than 75 MVA, and is 
equipped with suitable excitation systems commissioned after November 
18, 1993. 

Proposed Standard 
 
Under the proposed standard, PSS would be required on those generators that 
meet the BES definition.   
 
The white paper, (April 2014), Power System Stabilizer Applicability in the WECC 
System Study Progress Report to WECC-0107 Drafting Team (Draft as of May 
28, 2014) [White Paper], examined the impact on system oscillations when PSS 
were included or excluded at varying thresholds. 

The white paper concluded: 

1) In the WECC system model, generator size is inversely proportional to the 
number of generating units; 
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2) The nature of system-wide modes of oscillation and the effectiveness of 
individual generating units on these modes varies with the system topology and 
the instantaneous operating point conditions; 

3) There is no technical justification to either exclude or include application of 
PSS on a generating unit based on size alone; (and) 

Requirements and Measures 
 
Within existing NERC and WECC Standards, there are currently Requirements to 
model6, plan7, and to run8 PSS (98% of operating hours except under twelve 
specified conditions).9     
 
The proposed standard would reframe the requirements as follows.  
 
Requirement R1 would require the Generator Operator to provide the 
Transmission Planner with the operating specifications of the Generator 
Operator’s PSS. 
 
Requirement R2 would mandate that PSS be in service at all times unless 
specifically exempted.  
 
Requirement R3 would mandate a specific performance from the PSS as 
opposed to a specified tuning criterion.  
 
Requirement R4 would mandate installation of PSS on BES units, but only after a 
set of specified triggering events,  
 
Requirement R5 would mandate repair or replacement of PSS within six months 
of that unit becoming non-operational.  
 
 
Implementation Plan 
 

TBA 
 

                                                 
6 MOD-026-1 and MOD-032-1 
7 TPL-001-4, VAR-002-X 
8 VAR-501-WECC-1, Power System Stabilizer 
9 VAR-501-WECC-1, Power System Stabilizer, Requirement R1.  
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Definitions of Terms Used in Criterion 

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

 
None proposed.  
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A.  IInnttrroodduuccttiioonn  

1. Title:   Power System Stabilizers (PSS) 
  Regional Reliability Standard  

 
2. Number:    VAR-501-WECC-2  

 
3. Purpose: To ensure the Western Interconnection is operated in a 

coordinated manner under normal and abnormal conditions, 
by establishing the performance criteria for WECC power 
system stabilizers  

 
4. Applicability: 

 4.1   Generator Operator 
 4.2   Generator Owner  
      

6. Effective Date: This standard becomes effective on the first day of the fourth 
    quarter following final regulatory approval.     

 

NOTE:  THIS DOCUMENT WILL BE REFORMATTED WHEN SUBMITTED TO NERC.  

B.  Requirements 

R1. Each Generator Operator shall 
provide to its Transmission Planner, 
the operating specifications for the 
Generator Operator’s PSS, 
describing each condition during 
which the PSS will be non-
operational for purposes of 
equipment protection or system 
stability, within 180 days of the 
PSS’s Commercial Operation date 
or any changes to the PSS 
operating specifications.  [Violation 
Risk Factor: Low] [Time Horizon: 
Planning Horizon] 
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M1. Each Generator Operator will have documented evidence that it provided 
to its Transmission Planner the operating specifications for the Generator 
Operator’s PSS systems, within 180 days of the PSS’s Commercial 
Operation date or any changes to the PSS operating specifications, 
describing each condition during which its PSS would be non-operational 
for purposes of equipment protection or system stability, as required in 
Requirement R1.   

 
For auditing purposes, because the Requirement R1 conditions are 
intended to be unchanged unless otherwise notified, the Generator 
Operator need only provide the specifications to the Transmission Planner 
one time or whenever the operating specifications change thereafter. 
 
For auditing purposes, if a PSS is in service but is not providing damping 
to the system as allowed in Requirement R1, the disabled period does not 
count against the mandate of Requirement R2.   

 
R2. Each Generator Operator shall have 

its PSS in service while synchronized,  
except when the Generator Operator 
has notified the Transmission 
Operator that the PSS is removed 
from service for any of the following 
circumstances: [Violation Risk Factor: 
Medium] [Time Horizon: Operating 
Assessment], 

 
• Component  failure, 
• Testing of a BES Element affecting 

or affected by the PSS, 
• Maintenance, (or) 
• As agreed upon by the Generator Operator and the Transmission 

Operator.  
 
 
 
 
 
 
 
 
 

  



Power System Stabilizer 
WECC Regional Reliability Standard 

VAR-501-WECC-3 
 

 

 

Developed as WECC-0107 Page 12 

 

M2.  Each Generator Operator will have documentation of each claimed 
exception as allowed in Requirement R2 that includes:   
 
1)  An explanation covering the bulleted exception describing the 

circumstances of the exception; (and)   
2)  That the Transmission Operator was notified that the PSS was not 

operating as allowed under a Requirement R2 exception. 
 
(or) 
 
3)  Where applicable, the Generator Operator will have documented 

evidence that the Generator Operator and the Transmission 
Operator agreed that the PSS should not be operating during a 
specified set of circumstances. 

 
For auditing purposes, the presumption is that the PSS was in service.  
Evidence need only be provided to prove the circumstances when the 
PSS was not in service.   
 
 

R3. Each Generator Operator shall tune its PSS to meet the following::  [Violation 
Risk Factor: Medium] [Time Horizon: Operating Assessment] 
 

1) PSS shall be set to provide a 
compensated frequency response of 
the excitation system and 
synchronous machine such that 
through the frequency range from 0.1 
Hertz to 1.0 Hertz the phase will not 
exceed ±30 degrees. 

2) PSS output limits shall be set to 
provide at least ±5% of the 
synchronous machine’s nominal 
terminal voltage.   

3) PSS gain shall be set to provide a gain margin of at least 6 Db.   
4) PSS washout time constant shall be no greater than 30 seconds. 

  



Power System Stabilizer 
WECC Regional Reliability Standard 

VAR-501-WECC-3 
 

 

 

Developed as WECC-0107 Page 13 

 

M3. Each Generator Operator will have documented evidence that its PSS was tuned 
to meet the specifications of Requirement R3.   Evidence may include, but is not limited 
to, a completed Attachment A for this standard that reports: 1) output limits, 2) per unit 
gain, 3) washout-time constant, and 4) bode plots of the PSS. 

 
R4. Each Generator Owner shall install on its generator a PSS, within 180 

days of either of the following events:  [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
• The Generator Owner connects a generator to the BES, after 

achieving Commercial Operation, and after the Effective Date of 
this standard; (or) 

• The Generator Owner replaces the voltage regulator on its existing 
excitation system, after achieving Commercial Operation, and after 
the Effective Date of this standard for its generator that is 
connected to the BES. 

 
M4.   Each Generator Owner will have evidence that it installed a PSS on its 

generator, within 180 days of either connecting a generator to the BES or 
replacing the voltage regulator on its existing excitation system, whenever 
either event occurs after the Effective Date of this standard.   

 
 For auditing purposes, bullet one is intended to address newly connected 

equipment; bullet two is intended to address equipment already connected 
to the BES.  

 
R5. Each Generator Owner shall repair or replace a non-operating PSS within 
 24 months of that unit becoming non-operational. [Violation Risk Factor: 
 Medium] [Time Horizon: Operational Assessment] 
 
M5. Each Generator Owner will have evidence that it repaired or replaced a 

non-operational PSS within 24 months of that unit becoming non-
operational.  Evidence may include, but is not limited to, documentation of: 
1) the date the unit became non-operational, and 2) the date the unit was 
returned to service, the span of time between the two events being within 
24 months of one another. 
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C.  Measures 

THIS DOCUMENT WILL BE REFORMATTED PLACING MEASURES IN 
THIS SECTION.  

  
C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 
For entities that do not work for the Regional Entity, the Regional Entity shall 
serve as the Compliance Enforcement Authority.  
For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and 
FERC or other applicable governmental authorities shall serve as the 
Compliance Enforcement Authority.  
For responsible entities that are also Regional Entities, the ERO or a 
Regional Entity approved by the ERO and FERC or other applicable 
governmental authorities shall serve as the Compliance Enforcement 
Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 
Self-Certifications 
Spot Checking 
Compliance Investigations 
Self-Reporting 
Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity 
is required to retain specific evidence to demonstrate compliance.  For 
instances where the evidence retention period specified below is shorter 
than the time since the last audit, the Compliance Enforcement Authority 
may ask an entity to provide other evidence to show that it was compliant 
for the full time period since the last audit.  
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Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

 
1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
THIS SECTION WILL BE REVISED ONCE THE REQUIREMENTS ARE LOCKED.  
 

R Time 
Horizon 

VRF Violation Severity Levels 
Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA There shall be 
a Severe10 
Level of non-
compliance on 
any occasion 
that the 
Generator 
Operator is 
found to have 
failed to provide 
its PSS 
operating 
specifications to 
the 
Transmission 
Planner as 
required in 
Requirement 
R1.  
(Requirement 
R1 is binary.) 

R2 Operations 
Assessment 

Medium  NA NA NA There shall be 
a Severe11 
Level of non-
compliance on 
any occasion 
that the 
Generator 
Operator fails to 
have its PSS in 
service, except 
where allowed 
in Requirement 
R2.   
(Requirement 
R2 is binary.) 

R3 Operations 
Assessment 

Medium  Occurs when 
the Generator 
Operator’s PSS 

Occurs when 
the Generator 
Operator’s PSS 

Occurs when 
the Generator 
Operator’s PSS 

Occurs when 
the Generator 
Operator’s 

                                                 
10 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
11 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 
Lower VSL Moderate VSL High VSL Severe VSL 

fails to meet 
any of the 
required 
performances 
in Requirement 
R3, two times 
or less during 
the audit 
period.   

fails to meet 
any of the 
required 
performances 
in Requirement 
R3, three times 
during the audit 
period.   

fails to meet 
any of the 
required 
performances 
in Requirement 
R3, four times 
during the audit 
period.   

PSS fails to 
meet any of 
the required 
performances 
in Requirement 
R3, five time or 
more during 
the audit 
period.   

R4 Operational 
Assessment 

Medium NA NA NA There shall be 
a Severe12 
Level of non-
compliance on 
any occasion 
that the 
Generator 
Owner is found 
to have failed to 
install on its 
generator a 
PSS, as 
required n 
Requirement 
R4.   

(Requirement 
R4 is binary.) 

R5 Operational 
Assessment 

Medium NA NA NA There shall be 
a Severe13 
Level of non-
compliance on 
any occasion 
that the 
Generator 
Owner is found 
to have failed to 
repair or 
replace a non-
operational 
PSS as 
required in 
Requirement 
R5.   
(Requirement 

                                                 
12 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
13 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 
Lower VSL Moderate VSL High VSL Severe VSL 

R5 is binary.) 
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Attachment A 

  
Output Limit Settings   
Gain   
Washout Time Constant   

 

Bode Plots 
Excitation response with 
unit connected to electrical 
system without PSS in 
service. (This is a VT/Vref 
measured response.) 

  

Excitation response with 
PSS in service and unit 
connected to electrical 
system. This plot can be 
either via test or calculated 
based on PSS settings 
and measured response of 
the first plot.  
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THIS SECTION WILL BE REVISITED ONCE THE DOCUMENT IS FURTHER 

DEVELOPED. 
 
Guideline and Technical Basis 
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field 
of the generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for 
some of these units to be out-of-service whenever necessary. 
 
Facilities 
 
The standard applies to those units meeting the BES definition.  
 
Requirement R1 
 
The rationale behind Requirement R1 is that PSS offers damping to the system thereby 
enhancing system stability.  Whenever possible, that damping should be provided to the 
system through the continuous operation of the PSS. 
 
It should be noted that a PSS can be fully operational in accordance with Requirement 
R1 while not producing any damping if tuned in accordance with Requirement R2.  
Specifically, if the PSS is tuned to automatically disable during specific events, that unit 
is fully operational even though it is not providing damping to the system.  
 
Requirement R2 and Attachment A 
 
The rationale behind Requirement R2 is that a minimum tuning threshold should be 
applied to each PSS with the goal of providing a minimum threshold of damping to the 
system.   
 
There is an interrelationship between the phase compensation and the washout time 
constant. Short washout time constants provide additional phase compensation in 
frequency-based PSS at the lower frequencies while dramatically reducing the gain. 
 
A washout time constant of 10 seconds or less is recommended to quickly remove low 
frequency components (below 0.1 Hz) from the PSS output. The smaller time constant 
will reduce the influence on the system voltage from the PSS during any 
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sustained/extended frequency deviation (i.e., loss of generation), especially if the PSS 
has a high gain setting. 
 
Requirement R2, Number 5 
 
This tuning feature was included to ensure consistent damping after the generator’s 
PSS reaches full operation.  This feature recognizes that the PSS damping contribution 
may be minimal or in some cases erratic until reaching full operation.  During this period 
the PSS should be disabled.   
 
For example, PSS output may be blocked on a 100MW generator until that generator 
reaches an output of 40 MW.  This is done because while operating at low power the 
PSS contribution will be insignificant and the PSS, when in the active state is 
continuously modulating the field circuit of the generator causing rapid changes in the 
field voltage and reactive power.  
 
Requirement R2, Number 6 

 
This tuning feature was included to ensure that operation of the PSS is automatically 
disabled using control circuitry in order to protect the equipment from damage while 
ramping through a cavitation zone, commonly called “rough zones.”   
 
Requirement R3 
 
The rationale for Requirement R3 is that within the Western Interconnection, PSS adds 
to the stability of the Bulk-Electric System through damping.  Locating PSS throughout 
the Interconnection adds a broader geographic footprint and better disperses the 
location of the damping equipment. The requirement recognizes that not all generators 
have PSS installed; however, as those generators are upgraded, the addition of PSS to 
each such generator is required to ensure the reliability of the BES.  At the Effective 
Date of this standard, the preferred type of PSS that is able to meet the tuning 
parameters of R2 is an integral of accelerating power type, designated PSS2A.   
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WECC-0107 Power System Stabilizers (PSS) 
VAR-501-WECC-3  
Response to Comments 
 
Posting 2  
 
The WECC-0107 PSS Drafting Team (DT) thanks everyone who submitted comments on the 
proposed project.  
 
Posting 
 
This document was last posted for a 30-day public comment period from October 15, 2014 
through November 14, 2014.  An extension of time for the posting of responses was granted by 
the WECC Standards Committee.         
 
WECC distributed the notice for the posting on October 14, 2104.   The Drafting Team asked 
stakeholders to provide feedback on the proposed document through a standardized electronic 
template. WECC received comments from four companies representing six of the eight Industry 
Segments, as shown in the table on the following page.  
 
Location of Comments 
 
All comments received on the document can be viewed in their original format located on the 
project page under the “Submit and Review Comments” accordion.   
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Changes in Response to Comment 
 

• A Facilities section was added specifying the standard only applies to synchronous 
generation.  

• Changes were made to requirement R3: 1) Section 1 to include the phrase “no-load 
VT/V Ref”, 2) Section 3 eliminating the 6 Db gain requirement in exchange for a 
requirement that “gain shall be set to between 1/3 and 1/2 of maximum practical gain.”  
The DT will address the maximum practical gain in a guidance narrative. 

• The DT reviewed the NERC Functional Model, Version 5 (Model) and agreed that the 
Generator Owner (not the Generator Operator) was a better fit for the tasks described 
in Requirement R3.  That change was made accordingly. 

• The Requirement and Measures preamble was edited to match the intended 24 month 
time window specified in Requirement R5. 

 
Minority Comments Summary 
 
The DT reviewed and considered requests to include in the Requirements further clarification of 
the Requirement’s meaning.  The DT agreed that additional narrative would be provided in a 
guidance section to explain the intent of the Requirements. 
 
Action Plan 
 
The DT will begin drafting guidance narrative during the first week in December 2014.  Once the 
proposed Requirements are vetted the DT will revisit the format, Measures, and associated 
Compliance sections of the document.  On December 3, 2014, the DT will request that the 
WECC Standards Committee post these responses.     
 
Contacts and Appeals 
 
If you feel your comment has been omitted or overlooked, please contact the Manager, WECC 
Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there is a WECC 
Reliability Standards Appeals Process.1 

                                                 
1 The appeals process is described in the Reliability Standards Development Procedures: 
http://www.wecc.biz/Standards/Documents/WECC%20Reliability%20Standards%20Development%20Procedures.a
spx 
 

mailto:sblack@wecc.biz
http://www.wecc.biz/Standards/Documents/WECC%20Reliability%20Standards%20Development%20Procedures.aspx
http://www.wecc.biz/Standards/Documents/WECC%20Reliability%20Standards%20Development%20Procedures.aspx
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The WECC Standards Voting Sectors are: 
 
1 — Transmission Sector 
2 — Generation Sector  
3 — Marketers and Brokers Sector 
4 — Distribution Sector  
5 — System Coordination Sector 
6 — End Use Representative Sector 
7 — State and Provincial Representatives Sector 
8 — Other Non-Registered WECC Members and Participating Stakeholders Sector 
 
Commenter Organization WECC Standards Voting Sectors 

 1 2 3 4 5 6 7 8 
42 Leonard Lima Kestrel Power        X 

5 Cain Braveheart,  Bonneville Power 
Administration 

X X X X X    

6 Caitlin Liotiris Western Power 
Trading Forum 
(WPTF) 

  X      

7 Karen Hedlund City of Tacoma X X X X X    

 

 
 
 
 
 

 

                                                 
2 Comments 1, 2 and 3 were software testing and did not contain any substantive comments.  
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Index to Questions, Comments, and Responses 

Question  
 

1. The WECC-0107 Drafting Team welcomes comments on all aspects of this 
document. 
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1.  The WECC-0107 Drafting Team welcomes comments on all aspects of this document.  

Summary Consideration: See summary section located in the preamble.   
Commenter Yes No Comment 

Leonardo T. G. Lima, Kestrel Power 
Engineering 

  Requirements R1 and R2 

Modern digital PSSs have thresholds, usually based on generator MW output, below which 
the PSS output is not added to the voltage regulator summation point (voltage error). The 
PSS function in the digital excitation controllers is in service and operating as expected (as 
commissioned), even though the PSS is not providing any additional damping. This feature 
is particularly relevant for hydro units with a "rough zone" associated with the turbine 
operation within certain MW levels. The PSS is usually commissioned to add damping for 
generator MW output above such "rough zone", as the PSS cannot operate effectively 
when the turbine is within the rough zone.  

Thus, it is very important to clarify that this is an operation as expected (something that 
needs to be described only once, as mentioned in Measure M1). Also, it is important to 
mention that the PSS is in service all the time (while the generator is synchronized) as 
required in R2. The PSS has not been "removed from service" just because its logic 
precludes the PSS from adding damping for generator MW output below this threshold.  

This issue, of the generator MW threshold above which the PSS is intended to add damping, 
is partially addressed in the "Guideline and Technical Basis" section of the document, but it 
needs to be an integral part of the Standard, either in the Requirements or in the 
Measures. 

Requirement R3 

Comment 1 

The PSS should compensate the phase characteristic of the generator and excitation system 
characteristic associated with the GEP(s) transfer function [4, 5], defined as the transfer 



 

6 
 

Summary Consideration: See summary section located in the preamble.   
Commenter Yes No Comment 

function from voltage reference set point Vref to electrical torque Te, when the rotor angle 
of the machine is held constant. This transfer function cannot be measured in the field, 
since it is impossible to hold the rotor angle position constant for the duration of the 
frequency response test. In other words, GEP(s) can only be estimated based on simulation 
results.  

On the other hand, the phase characteristic of GEP(s) is identical to the phase characteristic 
of the transfer function from Vref to terminal voltage Et, if the effects of changes in rotor 
angle position can be eliminated or, at least, minimized. In the Heffron-Phillips diagram [4], 
this is equivalent to imposing a constant rotor angle position or making the gains K4 and K5 
as close as possible to zero.  

Therefore, to bring the gains K4 and K5 as close as possible to zero, the frequency response 
test has to be performed with the generation unit synchronized to the grid at its lowest 
stable load (in theory, K4 and K5 are zero when the power output of the generator is zero).  

Thus, performing the frequency response test with the generator at near full load is 
incorrect, resulting in an incorrect measurement of the required phase compensation for 
the PSS. Also, the frequency response test at near full load caries the risk of a resonance, 
associated with the local mode of oscillation of the unit. This resonance effect also 
introduces an error into the magnitude and phase characteristics of the measurement, 
which are eliminated when the measurement is performed at no load. 

The Standard should clearly state that the compensated frequency response corresponds 
to the phase of GEP(s) (obtained via simulation) or the phase of the frequency response 
Et/Vref (field test) performed at the lowest stable MW load of the generation unit.  

Comment 2 

The frequency range of interest should be modified to 0.2 Hz to 2.0 Hz. The frequency of 
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Summary Consideration: See summary section located in the preamble.   
Commenter Yes No Comment 

inter-area electromechanical oscillation modes does not get as low as 0.1 Hz, ever, 
anywhere in the world (in any known interconnected system). The lowest inter-area 
oscillation frequency that I know has been recorded in an actual power system was in the 
Brazilian system (0.17 Hz), when the first tie-line interconnecting the North and the South 
of the country was energized. The frequency of this inter-area mode is presently well above 
0.20 Hz, due to the completion of additional tie-lines that reinforced the North-South 
interconnection [1].  

The requirement of ±30 degrees of phase compensation at the low frequency of 0.1 Hz 
results in three technical problems:  

a) The washout time constants have to be increased, to meet the ±30 degrees requirement, 
or an additional phase lag has to be introduced; 

b) once the PSS is commissioned to respond to such low frequencies as 0.1 Hz, it might 
respond to disturbances in the turbine (mechanical) system, which the PSS cannot affect or 
modify (add damping). In such events, the PSS would simply amplify and feedback these 
mechanical disturbances into the generator excitation system, affecting the voltage control 
and reactive power output of the unit; and 

c) The PSS will introduce excessive terminal voltage variations for system events which 
produce large or sustained off nominal frequency conditions  

Thus, requiring the appropriate phase compensation starting at 0.2 Hz (instead of 0.1 Hz) 
would automatically result in the use of lower values for the PSS washout time constants, 
with all the benefits associated with it. On the other hand, since there are no inter-area 
oscillation frequencies as low as 0.1 Hz, the effectiveness of the PSSs in providing damping 
to the actual inter-area oscillations in the WECC system would not be compromised.  

Although the focus of this WECC Standard is on system (inter-area) oscillation modes, the 
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Summary Consideration: See summary section located in the preamble.   
Commenter Yes No Comment 

PSSs need to provide damping to the local mode of oscillation of the unit. And, typically, 
these local modes have frequencies higher than 1.0 Hz. Thus, the PSS needs to provide the 
appropriate phase compensation for frequencies higher than 1.0 Hz. Thus, either the 
Standard reflects a change in the frequency range of interest (as suggested, from 0.2 Hz to 
2.0 Hz) or at least it should mention that proper phase compensation is required for 
frequencies above 1.0 Hz for proper operation of the PSS regarding the local mode of 
oscillation.  

Comment 3 

WECC should also clarify what is the proper interpretation of "gain margin of 6 dB". A gain 
margin calculation implies the definition of a maximum gain, and this maximum gain has to 
be clearly defined.  

The theoretical definition of gain margin is the ratio between the actual gain of the control 
system (in this case, the nominal PSS gain) and the maximum gain that could be used in this 
control system, the threshold to instability. A gain margin of 6 dB means that the nominal 
PSS gain should be approximately ½ of the maximum gain.  

In practice, noise can become a limiting factor, way before reaching the threshold of any 
instability (either the "theoretical" stability limit, as determined via simulation, or a 
"practical" stability limit, as determined via field tests during commissioning) [2]. The 
difficulties associated with noise become more noticeable as the phase lead requirement of 
the PSS increases, since increasing the phase lead compensation results in an increase in 
the high-frequency gain of the PSS. Kestrel has found that, in practice, the high-frequency 
gain of the PSS should not exceed 500 pu.  

The phase lead requirement and thus the PSS high frequency gain are related to the exciter 
and generator characteristics, as long recognized by WECC in its "Criteria to Determine 
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Summary Consideration: See summary section located in the preamble.   
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System Suitability for PSS" [3].  

This version of the proposed Standard does not mention the suitability criteria for PSS 
application [3] and thus requires a PSS to be commissioned even on machines that, under 
that suitability criteria, would not be recommended to have a PSS installed. When a PSS is 
required to provide more phase compensation (to meet the ±30 degrees requirement), this 
will directly increase the high frequency gain of the PSS and will increase the likelihood of 
noise becoming a limiting factor to the PSS gain. Further increasing the PSS gain would only 
increase the amplification of noise at the PSS output (and injected into the excitation 
system), so no additional improvement in damping can be obtained. In some cases, the 
final PSS gain will be much lower than ½ of the theoretical maximum gain leading to 
instability, as observed in simulations, as simulations do not represent noise or very small 
time constants and delays which are present in real hardware and software PSS and voltage 
regulators. 

Thus, we suggest a text like "PSS gain shall be set to provide a gain margin of at least 6 dB 
with respect to the maximum PSS gain that could be achieved during field testing or 
commissioning". Usually, the records of the field tests with the maximum PSS gain and the 
nominal PSS gain are part of any PSS commissioning, so these records could be added to 
the list in Measure M3.  

References 

[1] I. Kamwa, R. Grondin and G. Trudel, “IEEE PSS2B versus PSS4B: The Limits of 
Performance of Modern Power System Stabilizers”, IEEE Trans. on Power Systems, vol. 20, 
no 2, May 2005, pp. 903-915 

[2] H. Vu and J. C. Agee, “Comparison of Power System Stabilizers for Damping Local Mode 
Oscillations”, IEEE Trans. on Energy Conversion, vol. 8, no. 3, September 1993, pp. 533-538 
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[3] WECC Guideline, “Criteria to Determine Excitation System Suitability for PSS in WECC”, 
January 1993. 

[4] F. P. de Mello and C. Concordia, “Concepts of Synchronous Machine Stability as Affected 
by Excitation Control”, IEEE Trans. on Power Apparatus and Systems, vol. 88, no. 4, April 
1969, pp. 316-329 

[5] E. V. Larsen and D. A. Swann, “Applying Power System Stabilizers – Part I: General 
Concepts”, IEEE Trans. on Power Apparatus and Systems, vol. 100, no. 6, June 1981, pp. 
3017-3024 

 
Mr. Leo Lima of Kestrel joined the DT meeting and engaged the DT in discussion of Kestrel’s comments and concerns.  Mr. Kestrel graciously 
accepted an invitation to engage in the drafting process.  

In response to Kestrel’s comments, no changes were made to Requirements R1 or R2.  

A change was made in Requirement R3, Section 1 to include the phrase “no-load VT/V Ref”.  A change was made in Requirement R3, Section 3 
eliminating the 6 Db gain requirement in exchange for a requirement that “gain shall be set to between 1/3 and 1/2 of maximum practical gain.”  
The DT will address the maximum practical gain in a guidance narrative. 

The resulting Requirement now reads:       

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode criteria: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

1) PSS shall be set to provide a compensated no-load VT/V Ref frequency response of the excitation system and synchronous 
machine such that through the frequency range from 0.1 Hertz to 1.0 Hertz the phase will not exceed ±30 degrees.  

2) PSS output limits shall be set to provide at least ±5% of the synchronous machine’s nominal terminal voltage.   
3) PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  
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4) PSS washout time constant shall be no greater than 30 seconds. 

The DT noted Kestrel’s request for additional guidance and clarification of the Requirements.  Rather than incorporate the clarifying narrative into 
the Requirements, the DT concluded that adding a rationale box or guidance section in support of the Requirements would be of greater value.  
The DT agreed to begin drafting that narrative during the first week in December 2014.  Mr. Lima agreed to participate in drafting the narrative.    

Kestrel raised concerns that if accepted the standard could be in conflict with existing WECC Guidelines that are under the auspice of the WECC 
Standing Committees, such as the WECC Operating Committee.  The DT agreed with Kestrel’s concern; however, making changes to guidelines is 
outside of the scope of this Standards Authorization Request.  The DT agreed to communicate Kestrel’s concerns to the appropriate Standing 
Committee.  

Kestrel requested a change from .1 Hz to .2 Hz in Requirement R3.  The DT agreed the request had merit but concluded that additional technical 
support / research would be needed to change the .1 reference as .1 has been the WECC threshold for decades.  The DT agreed to consult WECC 
staff and the Joint Synchronized Information Subcommittee to determine if there was any historic or substantive basis for the .1 reference.      
Cain Braveheart, Bonneville Power 
Administration 

  The Bonneville Power Administration appreciates the opportunity to provide feedback 
regarding WECC-0107 PSS Design and Performance but does not have any comments at this 
time. Thank you. 

The drafting team thanks Bonneville Power for its continued support and participation in the standards development process.  
Caitlin Liotiris 

Western Power Trading Forum 

 

  WPTF supports the latest round of modifications the Drafting Team has made to the 
proposed standard. Generally, the latest changes represent a significant improvement. 
Specifically, WPTF appreciates the modifications to R1 and R2 which require notification of 
the operating specifications for the PSS and provide circumstances under which PSS may be 
out of service. Taken together, these two requirements should ensure GOPs keep PSSs in 
operation as often as is possible, thus promoting reliability in the interconnection. Further, 
WTPF appreciates the modifications to R4, which provide much greater clarity on when PSS 
installation is required on existing units. Finally, the addition of R5, which requires PSS 
repair or replacement within a specified time, should also enhance reliability.  

WPTF believes there is one substantial oversight in the current version of the standard, 
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relating to the applicability of the requirements. The current requirements for PSS 
operation contained in VAR-501-WECC-1 only apply to synchronous generators. However, 
the latest version of the standard posted for comment does not specify that the 
requirements are only applicable to synchronous generators. The Drafting Team should 
modify the language in the proposed standard to clarify that the PSS requirements are only 
applicable to synchronous generators. If the Drafting Team intended to expand the PSS 
requirements to asynchronous generators, that should be made clear in the preamble to 
the standard and justification for such an expansion should be provided.  

WPTF appreciates the opportunity to submit comments and looks forward to continue 
working with the Drafting Team on this project. 

 
The drafting team added the following “Facilities” section.  

5. Facilities:  This standard only applies to synchronous generators.” 
Karen Hedlund 

Tacoma Power 

  General Comment – The current WECC Policy Statement on Power System Stabilizers 
clearly states the requirement of PSS installation on existing generators with the statement 
"A PSS shall be installed on every existing synchronous generator that is larger than 75 MVA 
and is equipped with a suitable excitation system". On page 8, requirements and measures 
line 6 states "Requirement R4 would mandate installation of PSS on BES units, but only 
after a set of specified triggering events". However, requirements on when existing BES 
generators that are not equipped with a PSS will require a PSS is not clearly stated within 
the proposed standard itself. R4 requires a PSS to be installed on newly-connected 
generators to the BES, and when the voltage regulators are replaced on existing excitation 
systems. Tacoma's interpretation of the standard is that PSS systems are not required to be 
added to existing generators until such time as the voltage regulator is replaced (R4). If this 
is not the intention of the DT then further clarification should be made within the 
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Summary Consideration: See summary section located in the preamble.   
Commenter Yes No Comment 

requirements of the standard. 

R1 – No Comment 

R2 – No Comment 

R3 – This Requirement requires a Generator Operator to tune its PSS to certain 
specifications. It is the role of the Generator Owner to replace and maintain the generating 
units including the voltage regulator and therefore it is the Generator Owner's 
responsibility to replace and tune the excitation systems. It is not clear how the Generator 
Operator entity would "tune its PSS" since it does not own the PSS but rather simply 
operates the PSS in order to supply energy to the grid. It is recommended to change the 
entity ownership of this requirement to Generator Owner. 

R4 – No Comment 

R5 - 

1. On page 8 "Requirements and Measures" under Requirement 5 the replacement 
timeframe of 6 months conflicts with the timeframe of 24 months stated in R5 of 
the proposed standard.  

2. Under what conditions does the term "non-operational" apply? A PSS component 
failure may cause the PSS to be non-operational and therefore it requires 
replacement under this Requirement. But consider an unusual transmission line 
condition where the PSS disrupts system stability and the PSS is placed in an 
extended non-operational or off-line mode. Is compliance achieved for this 
requirement by having documented evidence as described in M2 item 3 for such an 
event? 
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Summary Consideration: See summary section located in the preamble.   
Commenter Yes No Comment 

General Comments 

The drafting team concurs with your understanding of the standard based upon your comments as provided in the General Comment segment of 
your responses. 

Requirement R3 

The drafting team reviewed the NERC Functional Model, Version 5 (Model) and agreed that the generator Owner was a better fit for the task than 
the Generator Operator.  That change was made accordingly.   

Within the Model, Tasks assigned to the generator Owner include: 1) establish generating facilities ratings, limits, and operating requirements, 2) 
designing and authorizing maintenance of generation plant protective relaying, 3) responsibility for systems, protective relaying systems on the 
transmission lines connecting the generation plant to the transmission system, and Special Protection Systems, 4) maintenance of owned 
generating facilities, and 5) providing verified generating facility performance characteristics and data. 

Requirement 5 

The 24 month time window in Requirement R5 was retained.  The Requirements and Measure preamble was altered to match.   

If the Transmission Operator instructs that the PSS be taken off line, such an instruction does not constitute “non-operation.”  The intent of the 
Requirement was to address those circumstances with the PSS is broken and cannot function as intended.    
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Standard Development Timeline 
  

This section is maintained by the drafting team during the development of the standard and will 
be removed when the standard becomes effective.   
 
Posting for Comment 
 
On December 3, 2014, the WECC Standards Committee (WSC) approved Posting 3 of this 
document for a 30-day comment period.  Comments will open December 17, 2014 and close 
January 16, 2015.  
 
Procedural Background 
 
Standard Authorization Request (SAR) Consolidation  
 
WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the WECC-0105 P81 
redraft have been merged into WECC-0107 VAR-501-WECC-“3” resulting in a 
document applicable to the BES. 
 
This Standards Authorization Request (SAR) to review WECC’s PSS-related documents 
is in response to a WECC Board of Director’s resolution.  
 
On September 5, 2012, the WECC Board of Directors adopted the recommendation of 
the Regional Criteria Work Group that a (SAR) should be filed to evaluate VAR-502-
WECC-RBP-11, WECC Power System Stabilizer (PSS) Design and Performance, a 
Regional Business Practice (RBP), for development as a WECC Regional Reliability 
Standard (RRS).  Under WECC-0099, the WECC Control Work Group conducted the 
review concluding that a RRS should be drafted. 
 
On February 11, 2014 during the WECC Standards Committee (WSC) meeting:  
 

“A motion was made by Mr. Joe Tarantino that was seconded by Ms. Dana 
Cabbell to retire WECC-0099 having determined that the assigned project was 
complete, and to approve the proposed iterative SAR [WECC-0107] to develop a 
Power System Stabilizer RRS.  The motion carried by Consensus.  Mr. Warren 
Rust abstained.”  WSC Meeting Minutes  

 
On June 25, 2014, the WSC changed the scope of the SAR directing that the proposed 
document be structured so that PSS: 1) where installed, be operating unless specifically 
exempted, 2) tuned as specified, and 3) where not installed, installation would be required 
when a generator is newly interconnected to the Bulk-Electric System (BES) or when a 

                                                 
1 In June 2014, the WECC Board of Directors resolved to eliminate the Regional Business Practice (RBP) category 
defaulting to a WECC Criterion (CRT) category.  
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generator is updated.  The WSC further approved merging WECC-0094 VAR-501-
WECC-1 Power System Stabilizers into the document and incorporating the “P81”, 
VAR-501-WECC-2, revisions resulting from WECC-0105 (ballot closed July 18, 2014). 
 
Standard of Review 
 
The Federal Energy Regulatory Commission (FERC) has stated that Regional Entity 
Standards or Regional Variances to a NERC Reliability Standard (Standard) are 
permissible if they set more stringent reliability requirements than the NERC Reliability 
Standard; or cover matters not covered by an existing NERC Reliability Standard; or if 
they are necessitated by a physical difference in the Bulk-Electric System (BES).2 
 
Operational Background 
 
Power System Stabilizers (PSS) are needed in the Western Interconnection to dampen 
operational oscillation.  
 
PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator and are 
designed to add or subtract torque to a generator with the goal of damping oscillations on 
the WECC Interconnection’s Bulk-Electric System (BES) that otherwise would be 
amplified if the AVR is operated by itself.  
 
PSSs within WECC (originally called Supplementary Control Systems) were developed 
in the 1960s in response to power system oscillations on the Pacific Intertie within the 
Western Interconnection.  These oscillations occur at very low frequencies (<1 hertz), are 
very lightly dampened, and became known as “inter-area modes” (modes) of oscillation 
because they occurred when real power was transferred from one Western 
Interconnection geographic region to another (such as between the Pacific Northwest and 
the Southwest). 
 
These modal oscillations are the result of a combination of many machines on one part of 
the Western Interconnection BES whose voltage support response to system fluctuations 
is not in phase with the response of machines on another part of the Interconnection’s 
BES. 3 
 
 
 

                                                 
2 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards”, page 36.  

3 While some areas of other interconnections may experience this phenomenon, it is typically seen as only a 
local issue, not an issue for the entire interconnection. In the Western Interconnection it is seen as both an 
interconnection-wide issue and a local issue. 

 

http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
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WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. RM09-15-
000, P23, noted that “in the Western Interconnection a significant number of transmission 
paths are voltage or frequency stability-limited, in contrast to other regions of the [BES] 
where transmission paths more often are thermally-limited. Disturbances resulting in a 
stability-limited transmission path overload, generally, must be responded to in a shorter 
time frame than a disturbance that results in a thermally-limited transmission path 
overload. [FERC has also noted] its understanding that this physical difference is one of 
the reasons for the need for certain provisions of regional Reliability Standards in the 
Western Interconnection.” 
  
When coupled with generator operations within WECC these physical characteristics 
create modal oscillation that when not corrected by the installation and accurate operation 
of PSSs causes instability within the WECC Interconnection. 
 
Description of the Draft    
 
Existing Standard  
 
WECC currently does not have a RRS that specifies the threshold at which a PSS must be 
installed; however, WECC does have an existing policy that addresses that threshold.  
(Under WECC’s current policy, a PSS is not installed on a station service generator.) 
 
Under WECC’s current policy, a PSS is installed: 
 
1) On synchronous generators, regardless of ownership, that are connected to the 

transmission system (by a generator step-up transformer to 60 kV or higher 
voltage); 
  

2) On every existing synchronous generator that is larger than 75 MVA and is 
equipped with a suitable excitation system as defined in the WECC report 
“Criteria to Determine Excitation System Suitability for PSS”, (Report) dated 
December 1992. 
 

3) On every existing synchronous generator that is larger than 30 MVA, or is part of 
a complex that has an aggregate capacity larger than 75 MVA, if the excitation 
system is updated so that it becomes a suitable excitation system as defined in the 
above mentioned Report.  This applies to all machines with excitation systems 
updated after November 18, 1993. 
 

4) On every synchronous generator that is larger than 30 MVA, or is part of a 
complex that has an aggregate capacity larger than 75 MVA, and is equipped with 
suitable excitation systems commissioned after November 18, 1993. 
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Proposed Standard 
 
Under the proposed standard, PSS would be required on those synchronous generators 
that meet the BES definition.   
 
The white paper, (April 2014), Power System Stabilizer Applicability in the WECC 
System Study Progress Report to WECC-0107 Drafting Team (Draft as of May 28, 2014) 
[White Paper], examined the impact on system oscillations when PSS were included or 
excluded at varying thresholds. 

The white paper concluded: 

1)  In the WECC system model, generator size is inversely proportional to the number of 
generating units; 

2)  The nature of system-wide modes of oscillation and the effectiveness of individual 
generating units on these modes varies with the system topology and the 
instantaneous operating point conditions; and,   

3)  There is no technical justification to either exclude or include application of PSS on a 
generating unit based on size alone.  

Applicable Entities  
 
The proposed standard would apply to the Generator Operator and the Generator Owner.  
 
Under the NERC Functional Model, it is the task of the Generator Operator, to “report 
operating and availability status of units and related equipment, such as automatic voltage 
regulators”, of which PSS is a part.4  “Ultimately the Generator Operator’s role is to meet 
generation schedules, manage fuel supplies, and provide frequency support and reactive 
resources without jeopardizing equipment.”5  
 
It is the role of the Generator Owner to install equipment. 
 
Facilities  
 
The proposed standard would be applicable only to synchronous units covered by the 
Bulk-Electric System (BES) definition. 
 
 
 
 
                                                 
4 NERC Functional Model, Version 5, “Function – Generator Operation”, Tasks, page 48. 
5 NERC Functional Model, Version 5, “11 Generator Operator”, page 23.  
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Effective Date  
 
The proposed Effective Date is the first day of the fourth quarter following final regulatory 
approval.     
 
Requirements and Measures 
 
Within existing NERC and WECC Standards, there are currently Requirements to 
model6, plan7, and to run8 PSS (98% of operating hours except under twelve specified 
conditions).9   
 
The proposed standard would reframe the requirements as follows.  
 
Requirement R1 would require the Generator Operator to provide the Transmission 
Planner with the operating specifications of the Generator Operator’s PSS. 
 
Requirement R2 would mandate that PSS be in service at all times unless specifically 
exempted.  It should be noted that the proposed standard no longer counts the hours to 
determine whether a specific percentage was met.   
 
Requirement R3 would mandate tuning of a PSS to meet specific inter-area mode criteria.   
 
Requirement R4 would mandate installation of PSS on applicable units, but only after a 
set of specified triggering events.  
Requirement R5 would mandate repair or replacement of PSS within 24 months of that 
PSS unit becoming non-operational.  
 
Measures and Compliance 
 
The Measures and Compliance sections will be revisited once the substance of the Requirements 
has been determined.  The drafting team asks that comments on the Measures and Compliance 
sections be held until after the Requirements are established. 

                                                 
6 MOD-026-1 and MOD-032-1 
7 TPL-001-4, VAR-002-X 
8 VAR-501-WECC-1, Power System Stabilizer 
9 VAR-501-WECC-1, Power System Stabilizer, Requirement R1.  
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Project Roadmap 
 

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-
501-WECC-1.  WSC approved posting for 45-day 
comment.  

June 25, 2014 

8. Posting 1 WECC open July 1, 2014 

9. Posting 1 WECC closed August 14, 2014 

10. Posting 1 WECC Responses posted  September 26, 2014 

11. Posting 2 WECC open October 15, 2014 

12. Posting 2 closed November 14, 2014 

13. Posting 2 Responses posted  December 4, 201410 

14. Posting 3 WECC open December 18, 2014 

15. Posting 3 closed January 19, 2015 

16. Posting 3 Responses posted   

17. WSC approves for ballot  

18. Ballot Pool open  

19. Ballot Pool closed  

                                                 
10 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting of responses.  The WSC agreed that a quality response was preferable to a timely response.  
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20. Joint Session noticed  

21. Joint Session  

22. Ballot open  

23. Ballot closed  

24. WSC approves forwarding to the WECC Board of 
Directors 

 

25. Posted for 30 days prior to WECC Board meeting  

26. Board meets to approve  

27. Sent to NERC  
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Version History   
 

Version Date Action Change 
Tracking 

0.1 April 23, 2004 WECC Effective Date: VAR-502-
WECC-0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-
WECC-1  

 

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3   This document 
is designed to 
replace / retire: 
VAR-502-
WECC-RBP-
0.1, WECC 
Power System 
Stabilizer 
Design and 
Performance 
and to replace  
VAR-501-
WECC-1, Power 
System 
Stabilizer with a 
“Version 2” 
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 Implementation Plan 
 

To Be Announced  
 
 

Definitions of Terms Used in Criterion 
 

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

 
There are no new definitions proposed.   
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A.  IInnttrroodduuccttiioonn  

1. Title:   Power System Stabilizers (PSS) 
    

 
2. Number:    VAR-501-WECC-2  

 
3. Purpose: To ensure the Western Interconnection is operated in a coordinated 

manner under normal and abnormal conditions, by establishing the 
performance criteria for WECC power system stabilizers  

 
4. Applicability: 

 4.1   Generator Operator 

 4.2   Generator Owner 

 

5.  Facilities:  This standard only applies to synchronous generators.    

      
6.  Effective Date: This standard becomes effective on the first day of the fourth 

quarter following final regulatory approval.     
 

B.  Requirements and Measures 

R1. Each Generator Operator shall provide to its Transmission Planner, the operating 
specifications for the Generator Operator’s PSS, describing each condition during 
which the PSS will be non-operational for purposes of equipment protection or 
system stability, within 180 days of the PSS’s Commercial Operation date or any 
changes to the PSS operating specifications.  [Violation Risk Factor: Low] [Time 
Horizon: Planning Horizon] 

 
M1. Each Generator Operator will have documented evidence that it provided to its 

Transmission Planner the operating specifications for the Generator Operator’s 
PSS systems, within 180 days of the PSS’s Commercial Operation date or any 
changes to the PSS operating specifications, describing each condition during 
which its PSS would be non-operational for purposes of equipment protection or 
system stability, as required in Requirement R1.   

 
For auditing purposes, because the Requirement R1 conditions are intended to be 
unchanged unless otherwise notified, the Generator Operator need only provide 
the specifications to the Transmission Planner one time or whenever the operating 
specifications change thereafter. 
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For auditing purposes, if a PSS is in service but is not providing damping to the 
system as allowed in Requirement R1, the disabled period does not count against 
the mandate of Requirement R2.   

 
R2. Each Generator Operator shall have its PSS in service while synchronized,  

except when the Generator Operator has notified the Transmission Operator that 
the PSS is removed from service for any of the following circumstances: 
[Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 

 
• Component  failure; 
• Testing of a BES Element affecting or affected by the PSS; 
• Maintenance; or,  
• As agreed upon by the Generator Operator and the Transmission Operator.  

 
M2.  Each Generator Operator will have documentation of each claimed exception as 

allowed in Requirement R2 that includes:   
 
1)  An explanation covering the bulleted exception describing the 

circumstances of the exception; (and)   
2)  That the Transmission Operator was notified that the PSS was not 

operating as allowed under a Requirement R2 exception. 
 
(or) 
 
3)  Where applicable, the Generator Operator will have documented evidence 

that the Generator Operator and the Transmission Operator agreed that the 
PSS should not be operating during a specified set of circumstances. 

 
For auditing purposes, the presumption is that the PSS was in service.  Evidence 
need only be provided to prove the circumstances when the PSS was not in 
service.   
 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria: [Violation Risk Factor: Medium] [Time Horizon: Operating 
Assessment] 

 
1) PSS shall be set to provide a compensated no-load VT/V Ref frequency 

response of the excitation system and synchronous machine such that through 
the frequency range from 0.1 Hertz to 1.0 Hertz the phase will not exceed ±30 
degrees.  

2) PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage.   

3) PSS gain shall be set to between 1/3 and ½ of maximum practical gain.  
4) PSS washout time constant shall be no greater than 30 seconds. 
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M3. Each Generator Operator will have documented evidence that its PSS was tuned 
to meet the specifications of Requirement R3.   Evidence may include, but is not 
limited to, a completed Attachment A for this standard that reports: 1) output 
limits, 2) per unit gain, 3) washout-time constant, and 4) bode plots of the PSS. 

 
R4. Each Generator Owner shall install and commission on its generator a PSS, within 

180 days of either of the following events:  [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
• The Generator Owner connects a generator to the BES, after achieving 

Commercial Operation, and after the Effective Date of this standard; (or) 
• The Generator Owner replaces the voltage regulator on its existing excitation 

system, after achieving Commercial Operation, and after the Effective Date of 
this standard for its generator that is connected to the BES. 

 
M4.   Each Generator Owner will have evidence that it installed and commissioned a 

PSS on its generator, within 180 days of either connecting a generator to the BES 
or replacing the voltage regulator on its existing excitation system, whenever 
either event occurs after the Effective Date of this standard.   

 
 For auditing purposes, bullet one is intended to address newly connected 

equipment; bullet two is intended to address equipment already connected to the 
BES.  

 
R5. Each Generator Owner shall repair or replace a non-operating PSS within  24 

months of that unit becoming non-operational. [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
M5. Each Generator Owner will have evidence that it repaired or replaced a non-

operational PSS within 24 months of that unit becoming non-operational.  
Evidence may include, but is not limited to, documentation of: 1) the date the unit 
became non-operational, and 2) the date the unit was returned to service, the span 
of time between the two events being within 24 months of one another. 
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This section will be updated after the substance of the Requirements is established.  The 
DT requests that comments on this section not be submitted until the section is complete.   

C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 

For entities that do not work for the Regional Entity, the Regional Entity shall serve 
as the Compliance Enforcement Authority.  

For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and FERC or 
other applicable governmental authorities shall serve as the Compliance 
Enforcement Authority.  

For responsible entities that are also Regional Entities, the ERO or a Regional 
Entity approved by the ERO and FERC or other applicable governmental 
authorities shall serve as the Compliance Enforcement Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Investigations 

Self-Reporting 

Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention period specified below is shorter than the time since 
the last audit, the Compliance Enforcement Authority may ask an entity to provide 
other evidence to show that it was compliant for the full time period since the last 
audit.  
 
Each Generator Operator shall keep evidence for all Requirements of the document 
for a period of three years plus calendar current. 
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1.4  Additional Compliance Information 
None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA There shall be 
a Severe11 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator is 
found to have 
failed to 
provide its 
PSS operating 
specifications 
to the 
Transmission 
Planner as 
required in 
Requirement 
R1.  
(Requirement 
R1 is binary.) 

R2 Operations 
Assessment 

Mediu
m  

NA NA NA There shall be 
a Severe12 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator fails 
to have its 
PSS in 
service, except 
where allowed 
in 
Requirement 
R2.   

                                                 
11 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
12 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

(Requirement 
R2 is binary.) 

R3 Operations 
Assessment 

Mediu
m  

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, two times 
or less during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, three 
times during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, four times 
during the 
audit period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, five times 
or more 
during the 
audit period.   

R4 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe13 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
install on its 
generator a 
PSS, as 
required n 
Requirement 
R4.   

(Requirement 
R4 is binary.) 

R5 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe14 
Level of non-
compliance 

                                                 
13 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
14 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to repair 
or replace a 
non-
operational 
PSS as 
required in 
Requirement 
R5.   
(Requirement 
R5 is binary.) 
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Attachment A 

  
Output Limit Settings   
Gain   
Washout Time Constant   
 

Voltage Step Test (greater than or equal to 80% load) 
Response with PSS at 
maximum Practical gain 

  

Response with PSS at 
nominal or as-commissioned 
gain  

  

 

Bode Plots 
Excitation response with unit 
connected to electrical 
system without PSS in 
service. (This is a VT/Vref 
measured response.) 

  

Excitation response with PSS 
in service and unit connected 
to electrical system. This plot 
can be either via test or 
calculated based on PSS 
settings and measured 
response of the first plot.  
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Guideline and Technical Basis 
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out-of-service whenever necessary. 
 
Facilities 
 
The drafting team considered numerous approaches to setting the Facilities applicability 
threshold.   The drafting team noted that in the approved Version 2 of this standard the 80% 
facilities applicability threshold was not based on a discrete technical study; rather, the 80% was 
derived based on sound engineering judgment designed to include 80% of the units located 
within the Western Interconnection. 
 
Subsequent to approval of Version 2, the Bulk Electric System (BES) proceeding queried the 
industry as to the most appropriate definition of the BES, with the final decision becoming the 
threshold at which NERC standards would apply.  When compared to the Version 2 proceedings 
the BES proceedings were much more in-depth, represented a greater diversity of industry 
viewpoints, and engaged a substantial array of subject matter experts not otherwise represented 
in the Version 2 filing. 
 
Noting the additional depth and breadth of the BES when juxtaposed to the Version 2 
participation the drafting team concluded that the industry has already opined on the adequate 
threshold at which NERC Reliability Standards should apply.  As such, the drafting team opted to 
use the default BES threshold as it more broadly represents the consensus of the industry.      
 
Requirement R1 

Requirement R1 recognizes that PSS systems have varying states such as on, off, active, and 
non-active.  So long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard.  If 
the PSS is not operating in accordance with the documentation provided to the Transmission 
Planner, this could be considered a status change for purposes of NERC VAR-002-3, 
Requirement R3.     

This Requirement eliminates the requirement to count hours as required in the previous version 
of this standard while also allowing the Generator Operator to create a unit-specific operating 
plan.  

The intent of the Requirement R1 is to provide the Transmission Planner the PSS operating zone 
in which the PSS is, “active”, i.e., providing damping to the power system. Some PSS maybe 
programmed to become “active” at a specified MW loading level and above while others maybe 
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be programmed to be “active” in a particular band of MW loading levels and are “non-active” 
only when passing through the “rough zone” or some other band.  A “rough zone” is a MW 
loading band in which the generator-turbine system could contribute to system instability.  

Requirement R2 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in-
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing).  Unlike Requirement R1, the 
circumstances listed in Requirement R2 are not consider normal operation of the PSS.   

Requirement R3 

The intent of Requirement R3 is to clarify the requirements associated with the tuning of the 
parameters in the PSS. 

The PSS transfer function should compensate the phase characteristics of the generator excitation 
power system (GEP) transfer function so the compensated transfer function ((PSS(s) X GEP(s))  
has a phase characteristic of +/- 30 degrees in the frequency range.   

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic cannot 
be directly measured during field tests (only via simulation). Thus, the Requirement recognizes 
the practical approach of measuring the frequency response between voltage reference set-point 
and terminal voltage (Et/Vref) and using the phase characteristic of such frequency response as 
being the phase characteristic of GEP(s). The phase characteristic of Et/Vref is a better 
approximation to the phase characteristic of GEP(s) when the frequency response Et/Vref is 
obtained with the generator synchronized to the grid at its minimum stable power output.  

In an effort to allow for reasonable wash-out time constants the Requirement specifies 0.2 Hz as 
the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed oscillation 
frequencies.     

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished.  

This Requirement modifies the requirement associated with the adjustment of the PSS gain. The 
standard no longer defines the PSS gain in terms of gain margin but instead requires that the final 
PSS gain should be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
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during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or the raise of higher frequency oscillations in the closed loop response (exciter mode) or 
any other form if inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 

Requirement R4 

Requirement R4 requires a Generator Owner to install PSS on new applicable units or when 
excitation systems are retrofitted on existing applicable units.  This Requirement applies to new 
excitation systems, not existing systems without PSS. The Requirement also allows a reasonable 
amount of time for commissioning of new PSS. 

Requirement R5 

The intent of Requirement R5 is to remove the "tiered" approach to PSS repair / replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and test 
the repaired or replaced PSS.   It is recognized that in some instances, the automatic voltage 
regulator may require replacement as well as the PSS to achieve a functioning system.  

The 24 month timeframe is sufficient to return a functional, operating PSS to service.  
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2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-
501-WECC-1.  WSC approved posting for 45-day 
comment.  

June 25, 2014 

8. Posting 1 WECC open July 1, 2014 

9. Posting 1 WECC closed August 14, 2014 

10. Posting 1 WECC Responses posted   

11. Posting 1 NERC open  

12. Posting 1 NERC closed  

13. Posting 1 NERC Responses posted   

14. Posting 2 open  

15. NERC Quality Review   

16. Posting 2 closed  

17. Posting 2 Responses posted   
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Operational Background 
 
Power System Stabilizers (PSS) are needed in the Western Interconnection to dampen 
operational oscillation.  
 
PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator and are 
designed to add or subtract torque to a generator with the goal of damping oscillations on 
the WECC Interconnection’s Bulk-Electric System (BES) that otherwise would be 
amplified if the AVR is operated by itself.  
 
PSSs within WECC (originally called Supplementary Control Systems) were developed 
in the 1960s in response to power system oscillations on the Pacific Intertie within the 
Western Interconnection.  These oscillations occur at very low frequencies (<1 hertz), are 
very lightly dampened, and became known as “inter-area modes” (modes) of oscillation 
because they occurred when real power was transferred from one Western 
Interconnection geographic region to another (such as between the Pacific Northwest and 
the Southwest). 
 
These modal oscillations are the result of a combination of many machines on one part of 
the Western Interconnection BES whose voltage support response to system fluctuations 
is not in phase with the response of machines on another part of the Interconnection’s 
BES. 1 
 
WECC Physical Characteristics 
 

The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. RM09-15-000, 
P23, noted that “in the Western Interconnection a significant number of transmission paths are 

voltage or frequency stability-limited, in contrast to other regions of the [BES] where 
transmission paths more often are thermally-limited. Disturbances resulting in a stability-limited 

transmission path overload, generally, must be responded to in a shorter time frame than a 
disturbance that results in a thermally-limited transmission path overload. [FERC has also noted] 

its understanding that this physical difference is one of the reasons for the need for certain 
provisions of regional Reliability Standards in the Western Interconnection.”Standard 

Development Timeline 
                                                 
1 While some areas of other interconnections may experience this phenomenon, it is typically seen as only a 
local issue, not an issue for the entire interconnection. In the Western Interconnection, it is seen as both an 
interconnection-wide issue and a local issue. 
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This section is maintained by the drafting team during the development of the standard and will 
be removed when the standard becomes effective.   
 
Posting for Comment 
 
On December 3, 2014, the WECC Standards Committee (WSC) approved posting Version 3 of 
this document for a 30-day comment period opening December 12, 2014 and closing on January 
12, 2015. 
 
  
When coupled with generator operations within WECC, these physical characteristics 
create modal oscillations that when not corrected by the installation and accurate 
operation of PSS cause instability within the WECC Interconnection. 
 
WECC Procedural Background 
 
Standard Authorization Request (SAR) Consolidation  
 
WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the WECC-0105 P81 
redraft have been merged into WECC-0107 VAR-501-WECC-“3” resulting in a 
document applicable to the BES. 
 
This Standards Authorization Request (SAR) to review WECC’s PSS-related documents 
is in response to a WECC Board of Director’s resolution.  
 
On September 5, 2012, the WECC Board of Directors adopted the recommendation of 
the Regional Criteria Work Group that a (SAR) should be filed to evaluate VAR-502-
WECC-RBP-12, WECC Power System Stabilizer (PSS) Design and Performance, a 
Regional Business Practice (RBP), for development as a WECC Regional Reliability 
Standard (RRS).  Under WECC-0099, the WECC Control Work Group conducted the 
review concluding that a RRS should be drafted. 
 
On February 11, 2014 during the WECC Standards Committee (WSC) meeting:  
 

“A motion was made by Mr. Joe Tarantino that was seconded by Ms. Dana 
Cabbell to retire WECC-0099 having determined that the assigned project was 

                                                 
2 In June 2014, the WECC Board of Directors resolved to eliminate the Regional Business Practice (RBP) category 
defaulting to a WECC Criterion (CRT) category.  
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complete, and to approve the proposed iterative SAR [WECC-0107] to develop a 
Power System Stabilizer RRS.  The motion carried by Consensus.  Mr. Warren 
Rust abstained.”  WSC Meeting Minutes  

 
On June 25, 2014, the WSC changed the scope of the SAR directing that the proposed 
document be structured so that PSS: 1) where installed, be operating unless specifically 
exempted, 2) tuned as specified, and 3) where not installed, installation would be required 
when a generator is newly interconnected to the Bulk-Electric System (BES) or when a 
generator is updated.  The WSC further approved merging WECC-0094 VAR-501-
WECC-1 Power System Stabilizers into the document and incorporating the “P81”, 
VAR-501-WECC-2, revisions resulting from WECC-0105 (ballot closed July 18, 2014). 
 
Standard of Review 
 
The Federal Energy Regulatory Commission (FERC) has stated that Regional Entity 
Standards or Regional Variances to a NERC Reliability Standard (Standard) are 
permissible if they set more stringent reliability requirements than the NERC Reliability 
Standard; or cover matters not covered by an existing NERC Reliability Standard; or if 
they are necessitated by a physical difference in the Bulk-Electric System (BES).3 
 
Proposed Structure  
 
The proposed document would merge multiple documents and SARs. 
 
As a result, WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the  
WECC-0105 P81 redraft would merge into WECC-0107 VAR-501-WECC-“3” 
resulting in a document applicable to the BES.   
 
Facilities  
 
The proposed standard would be applicable to units covered by the Bulk-Electric 
System (BES) definition. 
 
Operational Background 
 

                                                 
3 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards”, page 36.  
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Power System Stabilizers (PSS) are needed in the Western Interconnection to dampen 
operational oscillation.  
 
PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator and are 
designed to add or subtract torque to a generator with the goal of damping oscillations on 
the WECC Interconnection’s Bulk-Electric System (BES) that otherwise would be 
amplified if the AVR is operated by itself.  
 
PSSs within WECC (originally called Supplementary Control Systems) were developed 
in the 1960s in response to power system oscillations on the Pacific Intertie within the 
Western Interconnection.  These oscillations occur at very low frequencies (<1 hertz), are 
very lightly dampened, and became known as “inter-area modes” (modes) of oscillation 
because they occurred when real power was transferred from one Western 
Interconnection geographic region to another (such as between the Pacific Northwest and 
the Southwest). 
 
These modal oscillations are the result of a combination of many machines on one part of 
the Western Interconnection BES whose voltage support response to system fluctuations 
is not in phase with the response of machines on another part of the Interconnection’s 
BES. 4 
 
 
 
WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. RM09-15-
000, P23, noted that “in the Western Interconnection a significant number of transmission 
paths are voltage or frequency stability-limited, in contrast to other regions of the [BES] 
where transmission paths more often are thermally-limited. Disturbances resulting in a 
stability-limited transmission path overload, generally, must be responded to in a shorter 
time frame than a disturbance that results in a thermally-limited transmission path 
overload. [FERC has also noted] its understanding that this physical difference is one of 
the reasons for the need for certain provisions of regional Reliability Standards in the 
Western Interconnection.” 
                                                 
4 While some areas of other interconnections may experience this phenomenon, it is typically seen as only a 
local issue, not an issue for the entire interconnection. In the Western Interconnection, it is seen as both an 
interconnection-wide issue and a local issue. 
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When coupled with generator operations within WECC these physical characteristics 
create modal oscillation that when not corrected by the installation and accurate operation 
of PSSs causes instability within the WECC Interconnection. 
 
Description of the Draft    
 
ExistingApplicable Entities  
 
The proposed standard would apply to the Generator Operator and the Generator Owner.  
 
Under the NERC Functional Model, it is the task of the Generator Operator, to “report 
operating and availability status of units and related equipment, such as automatic voltage 
regulators”, of which PSS is a part.5  “Ultimately the Generator Operator’s role is to meet 
generation schedules, manage fuel supplies, and provide frequency support and reactive 
resources without jeopardizing equipment.”6  
 
It is the role of the Generator Owner to install equipment. 
 
Current Standard  
 
WECC currently does not have a RRS that specifies the threshold at which a PSS must be 
installed; however, WECC does have an existing policy that addresses that threshold.  
(Under WECC’s current policy, a PSS is not installed on a station service generator.) 
 
Under WECC’s current policy, a PSS is installed: 
 
1) On synchronous generators, regardless of ownership, that are connected to the 

transmission system (by a generator step-up transformer to 60 kV or higher 
voltage); 
  

2) On every existing synchronous generator that is larger than 75 MVA and is 
equipped with a suitable excitation system as defined in the WECC report 
“Criteria to Determine Excitation System Suitability for PSS”, (Report) dated 
December 1992. 
 

                                                 
5 NERC Functional Model, Version 5, “Function – Generator Operation”, Tasks, page 48.  
6 NERC Functional Model, Version 5, “11 Generator Operator”, page 23.  
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3) On every existing synchronous generator that is larger than 30 MVA, or is part of 
a complex that has an aggregate capacity larger than 75 MVA, if the excitation 
system is updated so that it becomes a suitable excitation system as defined in the 
above mentioned Report.  This applies to all machines with excitation systems 
updated after November 18, 1993. 
 

4) On every synchronous generator that is larger than 30 MVA, or is part of a 
complex that has an aggregate capacity larger than 75 MVA, and is equipped with 
suitable excitation systems commissioned after November 18, 1993. 
 

Proposed Standard 
 
Under the proposed standard, PSS would be required on those synchronous generators 
that meet the BES definition.   
 
The white paper, (April 2014), Power System Stabilizer Applicability in the WECC 
System Study Progress Report to WECC-0107 Drafting Team (Draft as of May 28, 2014) 
[White Paper], examined the impact on system oscillations when PSS were included or 
excluded at varying thresholds. 

The white paper concluded: 

1)  In the WECC system model, generator size is inversely proportional to the number of 
generating units; 

2)  The nature of system-wide modes of oscillation and the effectiveness of individual 
generating units on these modes varies with the system topology and the 
instantaneous operating point conditions; and,   

3)  There is no technical justification to either exclude or include application of PSS on a 
generating unit based on size alone.  

Applicable Entities  
 
The proposed standard would apply to the Generator Operator and the Generator Owner.  
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Under the NERC Functional Model, it is the task of the Generator Operator, to “report 
operating and availability status of units and related equipment, such as automatic voltage 
regulators”, of which PSS is a part.7  “Ultimately the Generator Operator’s role is to meet 
generation schedules, manage fuel supplies, and provide frequency support and reactive 
resources without jeopardizing equipment.”8  
 
It is the role of the Generator Owner to install equipment. 
 
Facilities  
 
The proposed standard would be applicable only to synchronous units covered by the 
Bulk-Electric System (BES) definition. 
 
 
 
 
Effective Date ; (and) 
 
The proposed Effective Date is the first day of the fourth quarter following final regulatory 
approval.     
 
Requirements and Measures 
 
Within existing NERC and WECC Standards, there are currently Requirements to 
model9, plan10, and to run11 PSS (98% of operating hours except under twelve specified 
conditions).12     
 
The proposed standard would reframe the requirements as follows.  
 
Requirement R1 would require the Generator Operator to provide the Transmission 
Planner with the operating specifications of the Generator Operator’s PSS. 
 

                                                 
7 NERC Functional Model, Version 5, “Function – Generator Operation”, Tasks, page 48.  
8 NERC Functional Model, Version 5, “11 Generator Operator”, page 23.  
9 MOD-026-1 and MOD-032-1 
10 TPL-001-4, VAR-002-X 
11 VAR-501-WECC-1, Power System Stabilizer 
12 VAR-501-WECC-1, Power System Stabilizer, Requirement R1.  
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Requirement R2 would mandate that PSS be in service at all times unless specifically 
exempted.  It should be noted that the proposed standard no longer counts the hours to 
determine whether a specific percentage was met.   
 
Requirement R3 would mandate tuning of a PSS to meet specific performance from the 
PSS as opposed to a specified tuning criterion.inter-area mode criteria.   
 
Requirement R4 would mandate installation of PSS on BESapplicable units, but only 
after a set of specified triggering events,.  
 
Requirement R5 would mandate repair or replacement of PSS within six24 months of 
that PSS unit becoming non-operational.  
 
Measures and Compliance 
 
The Measures and Compliance sections will be revisited once the substance of the Requirements 
has been determined.  The drafting team asks that comments on the Measures and Compliance 
sections be held until after the Requirements are established. 
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Project Roadmap 
 

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-
501-WECC-1.  WSC approved posting for 45-day 
comment.  

June 25, 2014 

8. Posting 1 WECC open July 1, 2014 

9. Posting 1 WECC closed August 14, 2014 

10. Posting 1 WECC Responses posted  September 26, 2014 

11. Posting 2 WECC open October 15, 2014 

12. Posting 2 closed November 14, 2014 

13. Posting 2 Responses posted  December 4, 201413 

14. Posting 3 WECC open December 18, 2014 

15. Posting 3 closed January 19, 2015 

16. Posting 3 Responses posted   

                                                 
13 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting of responses.  The WSC agreed that a quality response was preferable to a timely response.  
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17. WSC approves for ballot  

18. Ballot Pool open  

19. Ballot Pool closed  

20. Joint Session noticed  

21. Joint Session  

22. Ballot open  

23. Ballot closed  

24. WSC approves forwarding to the WECC Board of 
Directors 

 

25. Posted for 30 days prior to WECC Board meeting  

26. Board meets to approve  

27. Sent to NERC  
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Version History   
 

Version Date Action Change 
Tracking 

0.1 April 23, 2004 WECC Effective Date: VAR-502-
WECC-0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-
WECC-1  

 

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

 
3   This document 

is designed to 
replace / retire: 
VAR-502-
WECC-RBP-
0.1, WECC 
Power System 
Stabilizer 
Design and 
Performance 
and to replace  
VAR-501-
WECC-1, Power 
System 
Stabilizer with a 
“Version 2” 
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 Implementation Plan 
 

TBA 
To Be Announced  
 
 

Definitions of Terms Used in Criterion 
 

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

 
NoneThere are no new definitions proposed.   
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A.  IInnttrroodduuccttiioonn  

1. Title:   Power System Stabilizers (PSS) 
  Regional Reliability Standard    

 
2. Number:    VAR-501-WECC-2  

 
3. Purpose: To ensure the Western Interconnection is operated in a coordinated 

manner under normal and abnormal conditions, by establishing the 
performance criteria for WECC power system stabilizers  

 
4. Applicability: 

 4.1   Generator Operator 

 4.2   Generator Owner  
 

5.  Facilities:  This standard only applies to synchronous generators.    

      
6.   Effective Date: This standard becomes effective on the first 

day of the fourth     quarter following 
final regulatory approval.     

 

NOTE:  THIS DOCUMENT WILL BE REFORMATTED WHEN SUBMITTED TO NERC.  

B.  Requirements and Measures 

R1. Each Generator Operator shall provide 
to its Transmission Planner, the 
operating specifications for the 
Generator Operator’s PSS, describing 
each condition during which the PSS 
will be non-operational for purposes of 
equipment protection or system 
stability, within 180 days of the PSS’s 
Commercial Operation date or any 
changes to the PSS operating 
specifications.  [Violation Risk Factor: 
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Low] [Time Horizon: Planning Horizon] 
 
M1. Each Generator Operator will have documented evidence that it provided to its 

Transmission Planner the operating specifications for the Generator Operator’s 
PSS systems, within 180 days of the PSS’s Commercial Operation date or any 
changes to the PSS operating specifications, describing each condition during 
which its PSS would be non-operational for purposes of equipment protection or 
system stability, as required in Requirement R1.   

 
For auditing purposes, because the Requirement R1 conditions are intended to be 
unchanged unless otherwise notified, the Generator Operator need only provide 
the specifications to the Transmission Planner one time or whenever the operating 
specifications change thereafter. 
 
For auditing purposes, if a PSS is in service but is not providing damping to the 
system as allowed in Requirement R1, the disabled period does not count against 
the mandate of Requirement R2.   

 
R2. Each Generator Operator shall have its 

PSS in service while synchronized,  
except when the Generator Operator has 
notified the Transmission Operator that 
the PSS is removed from service for any 
of the following circumstances: [Violation 
Risk Factor: Medium] [Time Horizon: 
Operating Assessment],] 

 
• Component  failure,; 
• Testing of a BES Element affecting or 

affected by the PSS,; 
• Maintenance, (; or),  
• As agreed upon by the Generator Operator and the Transmission Operator.  

 
 
 
 
 
 
 
 

  Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman



VAR-501-WECC-3 – Power System Stabilizer 
WECC Regional Reliability Standard 

VAR-501-WECC-3 
 

 

 

Draft #3  Posted for Comment December 18, 2014 through January 19, 2015   Page 19 of 32 
Developed as WECC-0107 Page 21 
 

 

Formatted: Font: Times New Roman, 12 pt

Formatted: Font: Times New Roman, 12 pt

Formatted: Header, Left

Formatted: Page Number, Font: 9 pt, English (United
States)
Formatted: Footer, Space After:  0 pt, Line spacing:  single,
Tab stops:  0.55", Left +  6.44", Centered +  9", Right + Not
at  6.63"

Formatted: Page Number, Font: 9 pt, English (United
States)

 
M2.  Each Generator Operator will have documentation of each claimed exception as 

allowed in Requirement R2 that includes:   
 
1)  An explanation covering the bulleted exception describing the 

circumstances of the exception; (and)   
2)  That the Transmission Operator was notified that the PSS was not 

operating as allowed under a Requirement R2 exception. 
 
(or) 
 
3)  Where applicable, the Generator Operator will have documented evidence 

that the Generator Operator and the Transmission Operator agreed that the 
PSS should not be operating during a specified set of circumstances. 

 
For auditing purposes, the presumption is that the PSS was in service.  Evidence 
need only be provided to prove the circumstances when the PSS was not in 
service.   
 
 

R3. Each Generator OperatorOwner shall tune its PSS to meet the following::  inter-
area mode criteria: [Violation Risk Factor: Medium] [Time Horizon: Operating 
Assessment] 

 
1) PSS shall be set to provide a 

compensated no-load VT/V Ref 
frequency response of the excitation 
system and synchronous machine such 
that through the frequency range from 
0.1 Hertz to 1.0 Hertz the phase will not 
exceed ±30 degrees.  

2) PSS output limits shall be set to provide 
at least ±5% of the synchronous 
machine’s nominal terminal voltage.   

3) PSS gain shall be set to provide a gain margin of at least 6 Db. between 
1/3 and ½ of maximum practical gain.  

4) PSS washout time constant shall be no greater than 30 seconds. 
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M3. Each Generator Operator will have documented evidence that its PSS was tuned 
to meet the specifications of Requirement R3.   Evidence may include, but is not 
limited to, a completed Attachment A for this standard that reports: 1) output 
limits, 2) per unit gain, 3) washout-time constant, and 4) bode plots of the PSS. 

 
R4. Each Generator Owner shall install and commission on its generator a PSS, within 

180 days of either of the following events:  [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
• The Generator Owner connects a generator to the BES, after achieving 

Commercial Operation, and after the Effective Date of this standard; (or) 
• The Generator Owner replaces the voltage regulator on its existing excitation 

system, after achieving Commercial Operation, and after the Effective Date of 
this standard for its generator that is connected to the BES. 

 
M4.   Each Generator Owner will have evidence that it installed and commissioned a 

PSS on its generator, within 180 days of either connecting a generator to the BES 
or replacing the voltage regulator on its existing excitation system, whenever 
either event occurs after the Effective Date of this standard.   

 
 For auditing purposes, bullet one is intended to address newly connected 

equipment; bullet two is intended to address equipment already connected to the 
BES.  

 
R5. Each Generator Owner shall repair or replace a non-operating PSS within  24 

months of that unit becoming non-operational. [Violation Risk Factor: 
 Medium] [Time Horizon: Operational Assessment] 

 
M5. Each Generator Owner will have evidence that it repaired or replaced a non-

operational PSS within 24 months of that unit becoming non-operational.  
Evidence may include, but is not limited to, documentation of: 1) the date the unit 
became non-operational, and 2) the date the unit was returned to service, the span 
of time between the two events being within 24 months of one another. 
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C.  Measures 

THIS DOCUMENT WILL BE REFORMATTED PLACING MEASURES IN 
THIS SECTION.  
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This section will be updated after the substance of the Requirements is established.  The 
DT requests that comments on this section not be submitted until the section is complete.   

C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 

For entities that do not work for the Regional Entity, the Regional Entity shall serve 
as the Compliance Enforcement Authority.  

For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and FERC or 
other applicable governmental authorities shall serve as the Compliance 
Enforcement Authority.  

For responsible entities that are also Regional Entities, the ERO or a Regional 
Entity approved by the ERO and FERC or other applicable governmental 
authorities shall serve as the Compliance Enforcement Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Investigations 

Self-Reporting 

Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention period specified below is shorter than the time since 
the last audit, the Compliance Enforcement Authority may ask an entity to provide 
other evidence to show that it was compliant for the full time period since the last 
audit.  
 
Each Generator Operator shall keep evidence for all Requirements of the document 
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for a period of three years plus calendar current. 
 
 

1.4  Additional Compliance Information 
None 
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Table of Compliance Elements 
THIS SECTION WILL BE REVISED ONCE THE REQUIREMENTS ARE LOCKED.  
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA There shall be 
a Severe14 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator is 
found to have 
failed to 
provide its 
PSS operating 
specifications 
to the 
Transmission 
Planner as 
required in 
Requirement 
R1.  
(Requirement 
R1 is binary.) 

R2 Operations 
Assessment 

Mediu
m  

NA NA NA There shall be 
a Severe15 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator fails 

                                                 
14 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
15 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

to have its 
PSS in 
service, except 
where allowed 
in 
Requirement 
R2.   
(Requirement 
R2 is binary.) 

R3 Operations 
Assessment 

Mediu
m  

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, two times 
or less during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, three 
times during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, four times 
during the 
audit period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, five 
timetimes or 
more during 
the audit 
period.   

R4 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe16 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
install on its 

                                                 
16 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

generator a 
PSS, as 
required n 
Requirement 
R4.   

(Requirement 
R4 is binary.) 

R5 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe17 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to repair 
or replace a 
non-
operational 
PSS as 
required in 
Requirement 
R5.   
(Requirement 
R5 is binary.) 

 

                                                 
17 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

Formatted: Font: Times New Roman, 12 pt

Formatted: Font: Times New Roman, 12 pt

Formatted: Font: Times New Roman, 12 pt

Formatted: Font: Times New Roman, 12 pt

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc


VAR-501-WECC-3 – Power System Stabilizer 
WECC Regional Reliability Standard 

VAR-501-WECC-3 
 

 

 

Draft #3  Posted for Comment December 18, 2014 through January 19, 2015   Page 27 of 32 
Developed as WECC-0107 Page 21 
 

 

Formatted: Font: Times New Roman, 12 pt

Formatted: Font: Times New Roman, 12 pt

Formatted: Header, Left

Formatted: Page Number, Font: 9 pt, English (United
States)
Formatted: Footer, Space After:  0 pt, Line spacing:  single,
Tab stops:  0.55", Left +  6.44", Centered +  9", Right + Not
at  6.63"

Formatted: Page Number, Font: 9 pt, English (United
States)

 
Attachment A 

  
Output Limit Settings   
Gain   
Washout Time Constant   
 

Voltage Step Test (greater than or equal to 80% load) 
Response with PSS at 
maximum Practical gain 

  

Response with PSS at 
nominal or as-commissioned 
gain  

  

 

Bode Plots 
Excitation response with unit 
connected to electrical 
system without PSS in 
service. (This is a VT/Vref 
measured response.) 

  

Excitation response with PSS 
in service and unit connected 
to electrical system. This plot 
can be either via test or 
calculated based on PSS 
settings and measured 
response of the first plot.  
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THIS SECTION WILL BE REVISITED ONCE THE DOCUMENT IS FURTHER 

DEVELOPED. 
 
Guideline and Technical Basis 
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out-of-service whenever necessary. 
 
Facilities 
 
The standard applies to those units meeting the BES definition.  
The drafting team considered numerous approaches to setting the Facilities applicability 
threshold.   The drafting team noted that in the approved Version 2 of this standard the 80% 
facilities applicability threshold was not based on a discrete technical study; rather, the 80% was 
derived based on sound engineering judgment designed to include 80% of the units located 
within the Western Interconnection. 
 
Subsequent to approval of Version 2, the Bulk Electric System (BES) proceeding queried the 
industry as to the most appropriate definition of the BES, with the final decision becoming the 
threshold at which NERC standards would apply.  When compared to the Version 2 proceedings 
the BES proceedings were much more in-depth, represented a greater diversity of industry 
viewpoints, and engaged a substantial array of subject matter experts not otherwise represented 
in the Version 2 filing. 
 
Noting the additional depth and breadth of the BES when juxtaposed to the Version 2 
participation the drafting team concluded that the industry has already opined on the adequate 
threshold at which NERC Reliability Standards should apply.  As such, the drafting team opted to 
use the default BES threshold as it more broadly represents the consensus of the industry.      
 
Requirement R1 
 
The rationale behind Requirement R1 is that PSS offers damping to the system thereby 
enhancing system stability.  Whenever possible, that damping should be provided to the 
system through the continuous operation of the PSS. 
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It should be noted that a PSS can be fully operational in accordance with Requirement 
R1 while not producing any damping if tuned in accordance with Requirement R2.  
Specifically, if the PSS is tuned to automatically disable during specific events, that unit 
is fully operational even though it is not providing damping to the system.  
 
Requirement R2 and Attachment A 
 
The rationale behind Requirement R2 is that a minimum tuning threshold should be 
applied to each PSS with the goal of providing a minimum threshold of damping to the 
system.   
 
There is an interrelationship between the phase compensation and the washout time 
constant. Short washout time constants provide additional phase compensation in 
frequency-based PSS at the lower frequencies while dramatically reducing the gain. 
 
A washout time constant of 10 seconds or less is recommended to quickly remove low 
frequency components (below 0.1 Hz) from the PSS output. The smaller time constant 
will reduce the influence on the system voltage from the PSS during any 
sustained/extended frequency deviation (i.e., loss of generation), especially if the PSS 
has a high gain setting. 
 
Requirement R2, Number 5 
 
This tuning feature was included to ensure consistent damping after the generator’s 
PSS reaches full operation.  This feature recognizes that the PSS damping contribution 
may be minimal or in some cases erratic until reaching full operation.  During this period 
the PSS should be disabled.   
 
For example, PSS output may be blocked on a 100MW generator until that generator 
reaches an output of 40 MW.  This is done because while operating at low power the 
PSS contribution will be insignificant and the PSS, when in the active state is 
continuously modulating the field circuit of the generator causing rapid changes in the 
field voltage and reactive power.  
 
Requirement R2, Number 6 

 
This tuning feature was included to ensure that operation of the PSS is automatically 
disabled using control circuitry in order to protect the equipment from damage while 
ramping through a cavitation zone, commonly called “rough zones.”   
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Requirement R3 
 

The rationale for Requirement R3 is that within the Western Interconnection, PSS adds 
to the stability of the Bulk-Electric System through damping.  Locating PSS throughout 
the Interconnection adds a broader geographic footprint and better disperses the 
location of the damping equipment. The requirement recognizes that not all generators 
have PSS installed; however, as those generators are upgraded, the addition of PSS to 
each such generator is required to ensure the reliability of the BES.  At the Requirement 
R1 recognizes that PSS systems have varying states such as on, off, active, and non-active.  So 
long as the PSS is operating in accordance with the documentation provided to the Transmission 
Planner, this is not considered a status change for purposes of this standard.  If the PSS is not 
operating in accordance with the documentation provided to the Transmission Planner, this could 
be considered a status change for purposes of NERC VAR-002-3, Requirement R3.     

This Requirement eliminates the requirement to count hours as required in the previous version 
of this standard while also allowing the Generator Operator to create a unit-specific operating 
plan.  

The intent of the Requirement R1 is to provide the Transmission Planner the PSS operating zone 
in which the PSS is, “active”, i.e., providing damping to the power system. Some PSS maybe 
programmed to become “active” at a specified MW loading level and above while others maybe 
be programmed to be “active” in a particular band of MW loading levels and are “non-active” 
only when passing through the “rough zone” or some other band.  A “rough zone” is a MW 
loading band in which the generator-turbine system could contribute to system instability.  

Requirement R2 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in-
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing).  Unlike Requirement R1, the 
circumstances listed in Requirement R2 are not consider normal operation of the PSS.   

Requirement R3 
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The intent of Requirement R3 is to clarify the requirements associated with the tuning of the 
parameters in the PSS. 

The PSS transfer function should compensate the phase characteristics of the generator excitation 
power system (GEP) transfer function so the compensated transfer function ((PSS(s) X GEP(s))  
has a phase characteristic of +/- 30 degrees in the frequency range.   

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic cannot 
be directly measured during field tests (only via simulation). Thus, the Requirement recognizes 
the practical approach of measuring the frequency response between voltage reference set-point 
and terminal voltage (Et/Vref) and using the phase characteristic of such frequency response as 
being the phase characteristic of GEP(s). The phase characteristic of Et/Vref is a better 
approximation to the phase characteristic of GEP(s) when the frequency response Et/Vref is 
obtained with the generator synchronized to the grid at its minimum stable power output.  

In an effort to allow for reasonable wash-out time constants the Requirement specifies 0.2 Hz as 
the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed oscillation 
frequencies.     

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished.  

This Requirement modifies the requirement associated with the adjustment of the PSS gain. The 
standard no longer defines the PSS gain in terms of gain margin but instead requires that the final 
PSS gain should be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or the raise of higher frequency oscillations in the closed loop response (exciter mode) or 
any other form if inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 

Requirement R4 

Requirement R4 requires a Generator Owner to install PSS on new applicable units or when 
excitation systems are retrofitted on existing applicable units.  This Requirement applies to new 
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excitation systems, not existing systems without PSS. The Requirement also allows a reasonable 
amount of time for commissioning of new PSS. 

Requirement R5 

The intent of Requirement R5 is to remove the "tiered" approach to PSS repair / replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and test 
the repaired or replaced PSS.   It is recognized that in some instances, the automatic voltage 
regulator may require replacement as well as the PSS to achieve a functioning system.  

The 24 month timeframe is sufficient to return a functional, operating PSS to service.  
Effective Date of this standard, the preferred type of PSS that is able to meet the tuning 
parameters of R2 is an integral of accelerating power type, designated PSS2A.   
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WECC-0107 VAR-501-WECC-2 
Power System Stabilizer Drafting Team (DT) 

Response to Comments / Posting 3 
December 12, 2014 through January 12, 2015 

 

Posting #3 

The WECC-0107, VAR-501-WECC-2, Power System Stabilizer Drafting Team (DT) thanks everyone who 
submitted comments on the proposed documents. 

Posting 

This document was last posted for a 30-day public comment period from December 12, 2014 through 
January 12, 2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when 
the drafting team met to respond to comments.  The window was extended because a closing date in 
the mandated notice did not match text in the posted document.      

WECC distributed the notice for the posting on December 3, 2014. The DT asked stakeholders to 
provide feedback on the proposed document through a standardized electronic template. WECC 
received comments from five companies representing six of the eight Industry Segments, as shown in 
the table on the following page.  

Location of Comments 

All comments received on the document can be viewed in their original format on the project page 
under the “Submit and Review Comments” accordion. 

Changes in Response to Comment 

After consideration of comments received, the DT made the following changes: 

Requirement R1 

To eliminate confusion between information required under this document and that of NERC Standard 
MOD-026, Requirement R1 was changed to read as follows:  

R1. Each Generator Operator shall provide to its Transmission Planner, within 180 days of the PSS’s 
Commercial Operation date or any changes to the PSS operating specifications, its written 
operating procedure describing those known circumstances during which its PSS will not be 
providing an active signal to the Automatic Voltage Regulator (AVR).  [Violation Risk Factor: Low] 
[Time Horizon: Planning Horizon] 
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Requirement R2 

Requirement R2 was redrafted to eliminate duplicative notice requirements between the proposed 
document and other existing NERC Standards.  The notification component of the proposed 
Requirement was removed.  The requirement now reads:  

R2. Each Generator Operator shall have its PSS in service while synchronized, except during any of 
the following: [Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 

• Component  failure; 

• Testing of a BES Element affecting or affected by the PSS; 

• Maintenance;   

• As agreed upon by the Generator Operator and the Transmission Operator.   

  Requirement R3 

Requirement R3, numbered section 1 was changed to synchronize the Requirement with the Guidance 
section, inter alia.  The drafting team noted in its response that the numbers included in the proposed 
Requirement are not new; rather, they reflect thresholds already included in WECC Guidelines.  The DT 
also noted its commitment from Posting 1 to review APS’s concerns regarding the 30 degree threshold.  
The DT believes the following redraft addresses APS’s Posting 1 concern as well as that presented for 
review by others in Posting 3. The Requirement now reads:  

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode criteria: [Violation 
Risk Factor: Medium] [Time Horizon: Operating Assessment] 

1) PSS shall be set to provide a compensated minimum-load VT/Vref frequency response of the 
excitation system and synchronous machine such that the phase angle will not exceed ± 30 
degrees through the frequency range from 0.2 Hertz to 1.0 Hertz or the highest frequency at 
which the phase of the minimum-load Vt/Vref frequency response does not exceed 90 degrees. 

2) PSS output limits shall be set to provide at least ±5% of the synchronous machine’s nominal 
terminal voltage.   

3) PSS gain shall be set to between 1/3 and ½ of maximum practical gain.  

4) PSS washout time constant shall be no greater than 30 seconds. 

Requirement R4 

The drafting team did not accept a suggestion to exchange the word “replace” with “upgrade” because 
the term “upgrade” was too ambiguous.  The team opted for “replace” as the triggering event noting 
that when a voltage regulator is replaced, the PSS must also be replaced or added, and must met the 
specification of the proposed standard.   
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Requirement R5 

To eliminate ambiguity in Requirement R5 the word “unit” was deleted in the Requirement and the 
Measure, and replaced with either “non-operating PSS” or “PSS.”  

Effective Date 

The proposed Effective Date for this standard is the first day of the fourth quarter following final 
regulatory approval.   

Action Plan 

The DT will request that WECC staff post these responses to comments.  Sections such as the Violation 
Severity Levels and Violation Risk Factors will be updated after the Requirements are further 
developed.  WECC staff contacted WECC Compliance on February 10, 2015 with a request to compare 
proposed Requirement R1 with MOD-026-1, Verification of Models and Data for generator Excitation 
Control System or Plant Volt/Var Control Functions (MOD) for possible duplication.  

Contacts and Appeals 

If you feel your comment has been omitted or overlooked, please contact the Manager, WECC 
Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there is a WECC Reliability 
Standards Appeals Process. 

 

The WECC Standards Voting Sectors are: 

1 — Transmission Sector 

2 — Generation Sector  

3 — Marketers and Brokers Sector 

4 — Distribution Sector  

5 — System Coordination Sector 

6 — End Use Representative Sector 

7 — State and Provincial Representatives Sector 

8 — Other Non-Registered WECC Members and Participating Stakeholders Sector 

Commenter Organization WECC Standards Voting Sectors 
 1 2 3 4 5 6 7 8 
1 Kristie Cocco Arizona Public 

Service Company 
(APS) 

X X X X X    
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Commenter Organization WECC Standards Voting Sectors 
 1 2 3 4 5 6 7 8 
2 Leonardo Lima Kestrel Power 

Engineering (LLC) 
(Kestrel) 

       X 

3 David Lemmons Xcel Energy/Public 
Service Company 
of Colorado 

X X X X X    

4 Sergio Banuelos Tri-state 
Generation and 
Transmission (Tri-
state) 

X X X X X    

5 Joseph Wilson Tacoma Power X X X X X    
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Index to Questions, Comments, and Responses 

Question 

1. The drafting team welcomes comments on all aspects of the document.   
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1. The drafting team welcomes comments on all aspects of the document.   

Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

APS   To remove ambiguity, APS would like to see a fifth bullet added to 
R2 that addresses the condition that even when a generator is 
synchronized to the BES, the PSS will not be functioning when the 
unit is operation below the PSS threshold values. The added bullet 
should be closely worded to R1.5 of the current VAR-501-WECC-1.  

R2. Each Generator Operator shall have its PSS in service while 
synchronized, except when the Generator Operator has notified 
the Transmission Operator that the PSS is removed from service for 
any of the following circumstances: [Violation Risk Factor: Medium] 
[Time Horizon: Operating Assessment] 

• Component failure; 
• Testing of a BES Element affecting or affected by the PSS; 
• Maintenance; or,  
• As agreed upon by the Generator Operator and the 

Transmission Operator.  
• Unit is generating less power than the set point where PSS 

is designed to be turned on.  

Or, if it is the drafting board's recommendation that GO's do not 
need to track the time when a generator is synchronized to the BES 
but producing less power then what is needed to run the PSS (Start 
up, shout down, and spinning reserve); please specifically specify 
that this time does not need to be tracked (PSS is available but not 
active). 

Requirement R2, “Fifth Bullet” 

Requirement R2: 

The drafting team recognizes the duplication of the notification requirement in the proposed language as 
well as the NERC VAR-002-3, Requirement R3.  The notification component of the proposed Requirement 
has been removed.  The focus of the proposed Requirement is now on ensuring the PSS is operating as 
opposed to notification.   
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

R2. Each Generator Operator shall have its PSS in service while synchronized, except for any of the 
following: [Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 

 
• Component  failure; 
• Testing of a BES Element affecting or affected by the PSS; 
• Maintenance;   
• As agreed upon by the Generator Operator and the Transmission Operator. 

 
The DT also notes it commitment from Posting 1 to further assess the “30 degree” issue raised by APS in 
that posting.  The DT modified the Requirement R3 (as numbered on February 10, 2015) in a manner 
believed to meet APS’s reliability concerns.  The new Requirement R3 and APS’s Posting 1 concern appears 
below.   
 
Requirement R3: APS Posting 1 Comment:  
 
 In reference to Requirement 2, the following comments are provided: 

• R2: The ± 30 degrees criteria should be relaxed to ± 45 degrees and with a comment that it be 
generally within ±30 degrees. There are many situations where ± 30 degrees is not attainable.  APS 
Suggests a revision to the language of this requirement, which would read: "PSS shall provide a 
compensated frequency response of the excitation system and synchronous machine such that 
through the frequency range from 0.1 Hertz to 1.0 Hertz the phase will generally be within±30 
degrees but not exceed ±45 degrees. 

  
Proposed remedial language:  

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode criteria: 
[Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 

1) PSS shall be set to provide a compensated minimum-load VT/Vref frequency response of 
the excitation system and synchronous machine such that the phase angle will not exceed 
± 30 degrees through the frequency range from 0.2 Hertz to 1.0 Hertz or the highest 
frequency at which the phase of the minimum-load Vt/Vref frequency response does not 
exceed 90 degrees. 

2) PSS output limits shall be set to provide at least ±5% of the synchronous machine’s 
nominal terminal voltage.   

3) PSS gain shall be set to between 1/3 and ½ of maximum practical gain.  
4) PSS washout time constant shall be no greater than 30 seconds. 

Kestrel   This Draft of the Standard has clarified most of the 
issues/comments raised in the previous round of comments.  
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

Unfortunately, it seems that a small inconsistency was introduced 
between the text in R3, item (1), and the associated explanation 
presented in the Guideline and Technical Basis.  

Requirement R3, item (1), defines the frequency range of interest 
from 0.1 Hz to 1.0 Hz, while the explanation in the Guideline and 
Technical Basis refers to 0.2 Hz as the lower end of the same 
frequency range. 

The Drafting Team should clarify which frequency range will be 
part of the actual Requirement R3.  

Our position is that the value of 0.2 Hz should be used, despite the 
fact that the lower value of 0.1 Hz has been used in the past. 
Basically, raising the lower threshold of the frequency range will 
have a significant positive impact on the selection of the washout 
time constant Tw (see item (4) of Requirement R3), allowing the 
selection of time constants much smaller than 30 seconds. In 
practice, raising the lower threshold of the frequency range of 
interest from 0.1 Hz to 0.2 Hz should make it relatively easy to 
achieve washout time constants smaller than 10 s and even smaller 
than 5 s in most cases.  

On the other hand, maintaining the lower threshold value of 0.1 Hz 
might require the use of larger values of Tw and would also make 
the PSS responsive at that lower frequency. This is problematic, 
due to the possibility of interaction of the PSS with the dynamic 
response of turbines, particularly hydro turbines. This interaction 
between the PSS and the turbine controls should be avoided, as 
the PSS might show unexpected response and even detrimental 
response to events such as a fast loading/unloading of the unit 
(fast ramp rates of hydro units) and even introducing relatively 
large variations in terminal voltage following events leading to 
large or sustained frequency deviations.  

A review of the literature found only one reference [1] of an 
oscillation frequency lower than 0.20 Hz in WECC, and that was for 
the system configuration prior to 1967 (prior to the energization of 
the Pacific Intertie) when the system operated with a very weak 
230 kV interconnection. The same reference indicates that the 
oscillation frequency increased to 0.30 Hz after commissioning of 
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the Pacific Intertie. The same reference indicates the emergence of 
a new oscillation mode, at around 0.20 Hz, probably related to the 
parallel North-South path through Idaho, Utah and Arizona.  

[1] R. L. Cresap and J. F. Hauer, "Emergence of a New Swing Mode 
in the Western Power System", IEEE Trans. on Power Apparatus 
and Systems, vol. 100, no 4, April 1981, pp. 2037-2045. 

Inconsistency between R3, item (1) and the associated Guideline and Technical Basis  

Requirement R3, item (1), defines the frequency range of interest from 0.1 Hz to 1.0 Hz, while the 
explanation in the Guideline and Technical Basis refers to 0.2 Hz as the lower end of the same frequency 
range. 

The concern has been addressed with updated text in Requirement R3, Bullet 1:  

Requirement R3: 

1) “PSS shall be set to provide a compensated minimum-load VT/Vref frequency response of the 
excitation system and synchronous machine such that the phase angle will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to 1.0 Hertz or the highest frequency at which the phase of 
the minimum-load Vt/Vref frequency response does not exceed 90 degrees.” 

Xcel   Xcel Energy appreciates the efforts made by the WECC-0107 
drafting team to improve the current PSS standard. This draft is a 
significant improvement over the current standard. However, Xcel 
Energy has some concerns related to the proposed standard, 
specifically related to the first three requirements. 

 

Concern with proposed R1 

As written, Xcel Energy is concerned that there could be some 
confusion related to the information needed under R1 compared 
to information required under MOD-026. Xcel Energy recommends 
revising the language in R1 to be as follows: 

Each Generator Operator shall provide to its Transmission Planner 
the operating conditions for the generator describing each 
condition during which the PSS will be non-operational, within 180 
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days of the PSS Commercial Operation date or any changes to the 
operating conditions that impact the PSS operation.  

This language provides clarity as to what information is required 
under this standard as compared to the information required 
under MOD-026. 

Concern with proposed R2 

As worded, there appears to be two parts to the requirement: the 
first part is to have the PSS in service; the second part is to notify 
the Transmission operator that the PSS is not in service. Xcel 
Energy is concerned that the second part of the requirement puts 
an entity at risk of double jeopardy. 

Under the NERC standard VAR-002-3, R3 clearly requires that the 
TOP be notified of a change of status for the PSS. If an entity fails 
to make that notification, then it is Xcel Energy's position that the 
entity will be found to have violated both the proposed WECC 
standard and the NERC standard.  

It is also unclear if the notification must be made while the PSS is 
out of service or if notification might be made after the PSS has 
been returned to service, especially for a very short duration 
outage. Note that under the NERC standard, outages of less than 
30 minutes do not require notification to the TOP. However, as 
worded in the WECC proposal, it is unclear if notification must be 
made prior to the PSS being removed from service or if notification 
after the PSS goes out of service is sufficient.  

Due to the concerns of double jeopardy, Xcel believes that a 
regional variance to the NERC VAR-002 standard, Requirement R1, 
to address the need to have the PSS in service is better than a 
separate standard. The NERC Requirement R1 requires that the 
AVR be in operation but is silent on the PSS. However, 
Requirement R3 in the NERC standard requires that the GOP notify 
the TOP of a status change of either the AVR or PSS. A WECC 
regional variance to Requirement R1, which could easily add the 
PSS to the language already approved for the AVR, would address 
the concerns in a reasonable manner without subjecting all GOPs 
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operating in the WECC to double jeopardy.  

Concerns with proposed R3 

Xcel Energy has two concerns with the proposed R3. First, there 
does not appear to be any differentiation for current technology 
versus older technology. While new electronic systems can be 
easily tuned to these specifications, older PSSs may not be capable 
of modifications to address the specified setting requirements. 
Also there is concern that any adjustments to the older solid state 
equipment may lead to equipment failure with lack of replacement 
parts. The drafting team must address this issue before a standard 
can be implemented. 

Second, the proposed implementation time for this standard is not 
acceptable for the needed tuning/setting process for the fleet of 
PSSs in the WECC. There are a limited number of people/entities 
with the expertise to test and tune the PSS. In addition, the 
concerns related to older technology was confirmed by Xcel 
Energy's consultant used for tuning the PSS systems within the 
PSCo fleet. If a person is to modify the settings of these older 
systems, the time tune and verify is much greater than the time to 
adjust newer digital systems. Therefore, the proposed time frame 
to implement R3 is unacceptable. This standard, or at least this 
requirement, needs a much longer time period for implementation 
than the proposed 12 months. 

Concern with proposed R5 

As worded, it is unclear when the PSS must be repaired or 
replaced. Reading both the requirement and the measure, it 
appears that the PSS must be repaired/replaced within 24 months 
of the generating unit becoming non-operational, which does not 
make logical sense. Xcel Energy believes the intent is to allow for 
24 months for the PSS to be repaired/replaced if the PSS quits 
working. If that is the case, the drafting team should not use the 
word unit. In the electric industry, the word "unit" typically refers 
to the generator, not the PSS. Therefore, Xcel Energy recommends 
replacing the word unit with PSS anywhere the drafting team is 
referring to the actual PSS instead of the generating unit itself.  
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Thank you for your efforts on improving the current PSS standard. 
Xcel Energy looks forward to working with the drafting team to 
address these issues.  

Requirement R1 

As written, Xcel Energy is concerned that there could be some confusion related to the information needed 
under Requirement R1 compared to information required under MOD-026.  To address this concern the DT 
will request that WECC Compliance review the proposed Requirement along with MOD-026 to see if 
duplication exists.  Requirement R1 has been redrafted as follows:   

Requirement R1:  

R1. Each Generator Operator shall provide to its Transmission Planner, within 180 days of the PSS’s 
Commercial Operation date or any changes to the PSS operating specifications, its written operating 
procedure describing those known circumstances during which its PSS will not be providing an active 
signal to the Automatic Voltage Regulator (AVR). 

Requirement R2: 

The drafting team recognizes the duplication of the notification requirement in the proposed language as 
well as the NERC VAR-002-3, Requirement R3.  The notification component of the proposed Requirement 
has been removed.  The focus of the proposed Requirement is now on ensuring the PSS is operating as 
opposed to notification.   

 
R2. Each Generator Operator shall have its PSS in service while synchronized, except for any of the 

following: [Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 
 

• Component  failure; 
• Testing of a BES Element affecting or affected by the PSS; 
• Maintenance;   
• As agreed upon by the Generator Operator and the Transmission Operator.   

 Requirement R3  

The drafting team appreciates your concern.  The first bullet of Requirement R3 has been changed to read as 
follows.  The proposed language is crafted to allow for performance by both older as well as newer units.  To 
the extent an entity tuned in accordance with the now existing tuning guidelines, adherence to the 
Requirement as drafted should be viable by the proposed Effective Date.     

“PSS shall be set to provide a compensated minimum-load VT/Vref frequency response of the 
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excitation system and synchronous machine such that the phase will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to 1.0 Hertz or the highest frequency at which the phase 
angle of the minimum-load Vt/Vref frequency response does not exceed 90 degrees.” 

Requirement R5 / Repair of PSS 

The drafting team has redrafted the Requirement and Measure as follows:  

R5.  Each Generator Owner shall repair or replace a non-operating PSS within 24 months of that non-
operating PSS becoming non-operational. [Violation Risk Factor: Medium] [Time Horizon: Operational 
Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced a non-operational PSS within 24 
months of that non-operating PSS becoming non-operational.  Evidence may include, but is not limited 
to, documentation of: 1) the date the PSS became non-operational, and 2) the date the PSS was returned 
to service, the span of time between the two events being within 24 months of one another. 

Tri-State    Tri-State Generation and Transmission (TSGT) believes that the 
language in R4 should be modified. TSGT suggests changing the 
language in the second bullet of the requirement from “The 
Generator Owner replaces the voltage regulator...” to “The 
Generator Owner upgrades the voltage regulator…” If an entity is 
replacing an old voltage regulator with a similar device then the 
entity should not be required to install PSS. 

TSGT is interested to know the information the standard drafting 
team has that supports the numbers in requirement R3. What has 
occurred that leads the standard drafting team to believe this new 
requirement is necessary? 

TSGT would also like to know what evidence has been found that 
suggests that all synchronous generators (applicable to the BES) 
require PSS. This requirement is a large leap from what is currently 
required and TSGT wonders what recent information makes this 
requirement necessary. There isn’t sufficient information provided 
in the “technical basis” section of the document to support the 
addition of this requirement. What fundamental data has been 
collected or research has been done to require PSS on every 
applicable facility? 
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Requirement R4 / Upgrade vs. Replace 

The drafting team has concerns with the use of the term “upgrade” as its generic application is too 
ambiguous.  For example, if a new piece is used to repair an older piece, and the newer piece is superior to 
the older piece – it is unclear whether that action is an “upgrade.  To remedy the ambiguity, the team opted 
for “replacement” as the triggering event noting that when a voltage regulator is replaced, the PSS must also 
be replaced or added, and must met the specifications of the standard.   

Requirement R3 / Numbers 

The drafting team notes that the substance of the requirement is not new in the sense that the requirement 
has been resident in WECC Guidelines for some time. 

Tacoma Power    Measure 3 (M3)  

The Requirement 3 (R3) task responsibility was changed from 
generator Operator to generator Owner.  Measure 3 (M3) needs to 
change to generator Owner to be consistent. 

C. Compliance, 1.3 Evidence Retention 

The second paragraph should also include Generator Owner to be 
consistent with the change made to R3. 

Table of Compliance Elements 

Pertaining to R3, the Violation Security Levels need to change from 
Generator Operator to Generator Owner for consistency.  

The drafting team appreciates Tacoma’s comments.  The drafting team has been in touch with Tacoma 
directly and indicated that Measures and Compliance will be addressed in subsequent postings.  Tacoma 
agreed to re-submit its comments once the drafting team has solicited comments on the Measures and 
Compliance sections.  
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Standard Development Timeline 

  
This section is maintained by the drafting team during the development of the standard and will 
be removed when the standard becomes effective.   
 
Posting for Comment 
 
This document is in its fourth posting.  
 
Procedural Background 
 
Standard Authorization Request (SAR) Consolidation  
 
WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the WECC-0105 P81 
redraft have been merged into WECC-0107 VAR-501-WECC-“3” resulting in a 
document applicable to the BES. 
 
This Standards Authorization Request (SAR) to review WECC’s PSS-related documents 
is in response to a WECC Board of Director’s resolution.  
 
On September 5, 2012, the WECC Board of Directors adopted the recommendation of 
the Regional Criteria Work Group that a (SAR) should be filed to evaluate VAR-502-
WECC-RBP-11, WECC Power System Stabilizer (PSS) Design and Performance, a 
Regional Business Practice (RBP), for development as a WECC Regional Reliability 
Standard (RRS).  Under WECC-0099, the WECC Control Work Group conducted the 
review concluding that a RRS should be drafted. 
 
On February 11, 2014 during the WECC Standards Committee (WSC) meeting:  
 

“A motion was made by Mr. Joe Tarantino that was seconded by Ms. Dana 
Cabbell to retire WECC-0099 having determined that the assigned project was 
complete, and to approve the proposed iterative SAR [WECC-0107] to develop a 
Power System Stabilizer RRS.  The motion carried by Consensus.  Mr. Warren 
Rust abstained.”  WSC Meeting Minutes  

 
On June 25, 2014, the WSC changed the scope of the SAR directing that the proposed 
document be structured so that PSS: 1) where installed, be operating unless specifically 
exempted, 2) tuned as specified, and 3) where not installed, installation would be required 
when a generator is newly interconnected to the Bulk-Electric System (BES) or when a 
generator is updated.  The WSC further approved merging WECC-0094 VAR-501-

                                                 
1 In June 2014, the WECC Board of Directors resolved to eliminate the Regional Business Practice (RBP) category 
defaulting to a WECC Criterion (CRT) category.  

http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
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WECC-1 Power System Stabilizers into the document and incorporating the “P81”, 
VAR-501-WECC-2, revisions resulting from WECC-0105 (ballot closed July 18, 2014). 
 
Standard of Review 
 
The Federal Energy Regulatory Commission (FERC) has stated that Regional Entity 
Standards or Regional Variances to a NERC Reliability Standard (Standard) are 
permissible if they set more stringent reliability requirements than the NERC Reliability 
Standard; or cover matters not covered by an existing NERC Reliability Standard; or if 
they are necessitated by a physical difference in the Bulk-Electric System (BES).2 
 
Operational Background 
 
Power System Stabilizers (PSS) are needed in the Western Interconnection to dampen 
operational oscillation.  
 
PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator and are 
designed to add or subtract torque to a generator with the goal of damping oscillations on 
the WECC Interconnection’s Bulk-Electric System (BES) that otherwise would be 
amplified if the AVR is operated by itself.  
 
PSSs within WECC (originally called Supplementary Control Systems) were developed 
in the 1960s in response to power system oscillations on the Pacific Intertie within the 
Western Interconnection.  These oscillations occur at very low frequencies (<1 hertz), are 
very lightly dampened, and became known as “inter-area modes” (modes) of oscillation 
because they occurred when real power was transferred from one Western 
Interconnection geographic region to another (such as between the Pacific Northwest and 
the Southwest). 
 
These modal oscillations are the result of a combination of many machines on one part of 
the Western Interconnection BES whose voltage support response to system fluctuations 
is not in phase with the response of machines on another part of the Interconnection’s 
BES. 3 
 
 
 
 

                                                 
2 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards”, page 36.  

3 While some areas of other interconnections may experience this phenomenon, it is typically seen as only a 
local issue, not an issue for the entire interconnection. In the Western Interconnection it is seen as both an 
interconnection-wide issue and a local issue. 

 

http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
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WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. RM09-15-
000, P23, noted that “in the Western Interconnection a significant number of transmission 
paths are voltage or frequency stability-limited, in contrast to other regions of the [BES] 
where transmission paths more often are thermally-limited. Disturbances resulting in a 
stability-limited transmission path overload, generally, must be responded to in a shorter 
time frame than a disturbance that results in a thermally-limited transmission path 
overload. [FERC has also noted] its understanding that this physical difference is one of 
the reasons for the need for certain provisions of regional Reliability Standards in the 
Western Interconnection.” 
  
When coupled with generator operations within WECC these physical characteristics 
create modal oscillation that when not corrected by the installation and accurate operation 
of PSSs causes instability within the WECC Interconnection. 
 
Description of the Draft    
 
WECC currently does not have a RRS that specifies the threshold at which a PSS must be 
installed; however, WECC does have an existing policy that addresses that threshold.  
(Under WECC’s current policy, a PSS is not installed on a station service generator.) 
 
Under WECC’s current policy, a PSS is installed: 
 
1) On synchronous generators, regardless of ownership, that are connected to the 

transmission system (by a generator step-up transformer to 60 kV or higher 
voltage); 
  

2) On every existing synchronous generator that is larger than 75 MVA and is 
equipped with a suitable excitation system as defined in the WECC report 
“Criteria to Determine Excitation System Suitability for PSS”, (Report) dated 
December 1992. 
 

3) On every existing synchronous generator that is larger than 30 MVA, or is part of 
a complex that has an aggregate capacity larger than 75 MVA, if the excitation 
system is updated so that it becomes a suitable excitation system as defined in the 
above mentioned Report.  This applies to all machines with excitation systems 
updated after November 18, 1993. 
 

4) On every synchronous generator that is larger than 30 MVA, or is part of a 
complex that has an aggregate capacity larger than 75 MVA, and is equipped with 
suitable excitation systems commissioned after November 18, 1993. 
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Proposed Standard 
 
To be updated once the document is more fully developed.  
 
Applicable Entities  
 
To be updated once the document is more fully developed.  
 
Facilities  
 
To be updated once the document is more fully developed.  
 
Effective Date  
 
The proposed Effective Date is the first day of the fourth quarter following final regulatory 
approval.     
 
Requirements and Measures 
 
To be updated once the document is more fully developed.  
 
Measures and Compliance 
 
To be updated once the document is more fully developed.  
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Project Roadmap 
 

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-
501-WECC-1.  WSC approved posting for 45-day 
comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20144 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards 
Development Procedures 

December 23, 2014 

                                                 
4 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting of responses.  The WSC agreed that a quality response was preferable to a timely response.  
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17. Posting 3 Closed  January 19, 20155 

18. Posting 3 Responses Posted  February 2, 2015  

19.   Posting 4 Open April 17, 2015 

20.   Posting 4 Closed May 19, 2015 

21.   Posting 4 Responses Posted  

22. WSC approves for ballot  

23. Ballot Pool open  

24. Ballot Pool closed  

25. Joint Session noticed  

26. Joint Session  

27. Ballot open  

28. Ballot closed  

29. WSC approves forwarding to the WECC Board of 
Directors 

 

30. Posted for 30 days prior to WECC Board meeting  

31. Board meets to approve  

32. Sent to NERC  

 

                                                 
5 This document was posted for a 30-day public comment period from December 12, 2014 through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match text 
in the posted document.   
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Version History   
 

Version Date Action Change 
Tracking 

0.1 April 23, 2004 WECC Effective Date: VAR-502-
WECC-0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-
WECC-1  

 

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3   This document 
is designed to 
replace / retire: 
VAR-502-
WECC-RBP-
0.1, WECC 
Power System 
Stabilizer 
Design and 
Performance 
and to replace  
VAR-501-
WECC-1, Power 
System 
Stabilizer with a 
“Version 2” 



VAR-501-WECC-3 – Power System Stabilizer 

Draft #4  Posted for Comment DATE through DATE   Page 8 of 21 
Developed as WECC-0107 
 

 

 Implementation Plan 
 
For those entities meeting the current WECC tuning criteria, implementation of the standard 
should not be a concern.  Should an entity need to make changes to its PSS, concerns have been 
raised that there are a limited number of qualified personnel to perform those changes. To meet 
this concern, the team notes that Requirement R5 (as currently numbered on February 17, 2015) 
allows for up to 24 months to repair or replace a PSS.  The Effective Date has been adjusted to 
reflect an approximate 24 month implementation date in parallel to Requirement R5.   

 
 

Definitions of Terms Used in Criterion 
 

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

 
There are no new definitions proposed.   
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A.  IInnttrroodduuccttiioonn  

1. Title: Power System Stabilizers (PSS) 
 

2. Number: VAR-501-WECC-3  
 

3. Purpose: To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions, by establishing the 
performance criteria for WECC power system stabilizers 

 
4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

 

5. Facilities: This standard applies to synchronous generators meeting the 
definition of Commercial Operation.  

 
6. Effective Date: The first day of the first quarter following final regulatory 

approval, except for Requirement R3 that becomes effective on the 
first day of the eighth quarter following regulatory approval.  

 
B. Requirements and Measures 

R1. Each Generator Operator shall provide to its Transmission Operator, within 180 
days of the PSS’s Commercial Operation date or any changes to the PSS 
operating specifications, the Generator Operator’s written operating procedure or 
other document(s) describing those known circumstances during which the 
Generator Operator’s PSS will not be providing an active signal to the Automatic 
Voltage Regulator (AVR).  [Violation Risk Factor: Low] [Time Horizon: 
Planning Horizon] 

 
M1. Each Generator Operator will have documented evidence that it provided to its 

Transmission Operator, within the time allotted as described in Requirement R1, 
written operating procedures or other document(s) describing those known 
circumstances during which the Generator Operator’s PSS will not be providing 
an active signal to the AVR. 

 
For auditing purposes, because the Requirement R1 conditions are intended to be 
unchanged unless otherwise notified, the Generator Operator need only provide 
the documentation to the Transmission Operator one time or whenever the 
operating specifications change thereafter. 
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For auditing purposes, if a PSS is in service but is not providing an active signal 
to the AVR as required in Requirement R1, the disabled period does not count 
against the Requirement R2 mandate to be in service except as otherwise allowed.  
 

R2. Each Generator Operator shall have its PSS in service while synchronized, 
except during any of the following: [Violation Risk Factor: Medium] [Time 
Horizon: Operating Assessment] 

 
• Component  failure; 
• Testing of a Bulk-Electric System Element affecting or affected by the PSS; 
• Maintenance; 
• As agreed upon by the Generator Operator and the Transmission Operator. 

 
M2.  Each Generator Operator will have documentation of each claimed exception 

specified in Requirement R2.  Documentation may include but is not limited to:  
 

• A written explanation covering the bulleted exception describing the 
circumstances of the exception as allowed in Requirement R2. 

• Where the exception is claimed under the last bullet of Requirement R2, the 
Generator Operator will have documented evidence that the Generator 
Operator and the Transmission Operator agreed the PSS would not be 
operating during a specified set of circumstances. 

 
For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R1.  Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 
 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Section 5) below: [Violation 
Risk Factor: Medium] [Time Horizon: Operating Assessment] 

1) PSS shall be set to provide the measured, simulated, or calculated 
compensated minimum-load VT/Vref frequency response of the excitation 
system and synchronous machine such that the phase angle will not exceed ± 
30 degrees through the frequency range from 0.2 Hertz to the lesser of 1.0 
Hertz or the highest frequency at which the phase of the Vt/Vref frequency 
response does not exceed 90 degrees. 

2) PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3) PSS gain shall be set to between 1/3 and ½ of maximum practical gain.  
4) PSS washout time constant shall be no greater than 30 seconds. 
5) Units having an excitation system or PSS that is incapable of meeting the 

tuning requirements of Requirement R3 are exempt from Requirement R3 
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until the voltage regulator is either replaced or retro-fitted such that the PSS 
becomes capable of meeting the tuning requirements.   

 
M3. Each Generator Operator will have documented evidence that its PSS was tuned 

to meet the specifications of Requirement R3. 
 
 If the exception under Requirement R3, Section 5 is claimed, the Generator 

Operator will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the voltage 
regulator was last replaced or retro-fitted. 

 
 For auditing purposes, minimum load in Requirement R3, Section 1, is the 

minimum stable load that the unit can maintain without violating environmental 
or other regulatory mandates.     

 
R4. Each Generator Owner shall install and commission on its generator a PSS, within 

180 days of either of the following events: [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
• The Generator Owner connects a generator to the BES, after achieving 

Commercial Operation, and after the Effective Date of this standard; (or) 
• The Generator Owner replaces the voltage regulator on its existing excitation 

system, after achieving Commercial Operation, and after the Effective Date of 
this standard for its generator that is connected to the BES. 

 
M4. Each Generator Owner will have evidence that it installed and commissioned a 

PSS on its generator, within 180 days of any of the conditions described in 
Requirement R4, whenever either event occurs after the Effective Date of this 
standard. 

 
For auditing purposes of Requirement R4, bullet one only applies to equipment on 
its initial (first energization) connection to the BES. 

 
R5. Each Generator Owner shall repair or replace a PSS, within 24 months of that 

PSS becoming incapable of meeting the tuning specifications stated in 
Requirement R3. [Violation Risk Factor: Medium] [Time Horizon: Operational 
Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS, 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of: 1) the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and 2) the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less than 
24 months. 
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The following sections will be updated after the substance of the Requirements is 
established.  The DT requests that comments on this section not be submitted until the 
section is complete. 

C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 

For entities that do not work for the Regional Entity, the Regional Entity shall serve 
as the Compliance Enforcement Authority.  

For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and FERC or 
other applicable governmental authorities shall serve as the Compliance 
Enforcement Authority. 

For responsible entities that are also Regional Entities, the ERO or a Regional 
Entity approved by the ERO and FERC or other applicable governmental 
authorities shall serve as the Compliance Enforcement Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Investigations 

Self-Reporting 

Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention period specified below is shorter than the time since 
the last audit, the Compliance Enforcement Authority may ask an entity to provide 
other evidence to show that it was compliant for the full time period since the last 
audit.  
 
Each Generator Operator shall keep evidence for all Requirements of the document 
for a period of three years plus calendar current. 
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1.4  Additional Compliance Information 
None 



VAR-501-WECC-3 – Power System Stabilizer 

Draft #4  Posted for Comment DATE through DATE   Page 15 of 21 
Developed as WECC-0107 
 

 

 
Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA There shall be 
a Severe6 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator is 
found to have 
failed to 
provide its 
PSS operating 
specifications 
to the 
Transmission 
Planner as 
required in 
Requirement 
R1.  
(Requirement 
R1 is binary.) 

R2 Operations 
Assessment 

Mediu
m  

NA NA NA There shall be 
a Severe7 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator fails 
to have its 
PSS in 
service, except 
where allowed 
in 
Requirement 
R2.   

                                                 
6 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
7 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

(Requirement 
R2 is binary.) 

R3 Operations 
Assessment 

Mediu
m  

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, two times 
or less during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, three 
times during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, four times 
during the 
audit period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, five times 
or more 
during the 
audit period.   

R4 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe8 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
install on its 
generator a 
PSS, as 
required n 
Requirement 
R4.   

(Requirement 
R4 is binary.) 

R5 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe9 
Level of non-
compliance 

                                                 
8 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
9 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to repair 
or replace a 
non-
operational 
PSS as 
required in 
Requirement 
R5.   
(Requirement 
R5 is binary.) 
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out-of-service whenever necessary. 
 
Mandate to Install a PSS 
 
Nothing in this standard should be construed to require installation of PSSs solely because a PSS 
is not currently installed as of the Effective Date of this standard.  However, when described 
triggering events occur after the Effective Date of the standard, installation of PSS will become 
mandatory.  It should be noted that a PSS is neither transmission nor generation. 
 
Requirement R1 

Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states such as on, off, active, and 
non-active.  So long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous version 
of this standard while also allowing the Generator Operator to create a unit-specific operating 
plan.  

The intent of the Requirement R1 is to provide the Transmission Planner the PSS operating zone 
in which the PSS is, “active”, i.e., providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified MW loading level and above while others may be 
programmed to be “active” in a particular band of MW loading levels and are “non-active” only 
when passing through the “rough zone” or some other band.  A “rough zone” is a MW loading 
band in which the generator-turbine system could contribute to system instability.  

Requirement R2 

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in-
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 

The intent of Requirement R3 is to specify the tuning requirements of the PSS. 

The PSS transfer function should compensate the phase characteristics of the generator excitation 
power system (GEP) transfer function so the compensated transfer function ((PSS(s) X GEP(s))  
has a phase characteristic of +/- 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic cannot 
be directly measured during field tests (only via simulation). Thus, the Requirement recognizes 
the practical approach of measuring the frequency response between voltage reference set-point 
and terminal voltage (Et/Vref) and using the phase characteristic of such frequency response as 
being the phase characteristic of GEP(s). The phase characteristic of Et/Vref is a better 
approximation to the phase characteristic of GEP(s) when the frequency response Et/Vref is 
obtained with the generator synchronized to the grid at its minimum stable power output. 

In an effort to allow for reasonable wash-out time constants the Requirement specifies 0.2 Hz as 
the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed oscillation 
frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. The 
standard no longer defines the PSS gain in terms of gain margin but instead requires that the final 
PSS gain should be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or the raise of higher frequency oscillations in the closed loop response (exciter mode) or 
any other form if inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished. 

Requirement R4 

Requirement R4 requires a Generator Owner to install PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems, not existing systems without PSS. The Requirement also 
allows a reasonable amount of time for commissioning of new PSS. 
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Requirement R5 

The intent of Requirement R5 is to remove the "tiered" approach to PSS repair / replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and test 
the repaired or replaced PSS.   It is recognized that in some instances, the automatic voltage 
regulator may require replacement as well as the PSS to achieve a functioning system. 

The 24 month timeframe is sufficient to return a functional, operating PSS to service.  
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Standard Development Timeline 

  
This section is maintained by the drafting team during the development of the standard and will 
be removed when the standard becomes effective.   
 
Posting for Comment 
 
On December 3, 2014, the WECC Standards Committee (WSC) approved posting Version 3 of 
this document for a 30-day comment period.  Comments will open December 17, 2014 and close 
January 16, 2015.This document is in its fourth posting.  
 
Procedural Background 
 
Standard Authorization Request (SAR) Consolidation  
 
WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the WECC-0105 P81 
redraft have been merged into WECC-0107 VAR-501-WECC-“3” resulting in a 
document applicable to the BES. 
 
This Standards Authorization Request (SAR) to review WECC’s PSS-related documents 
is in response to a WECC Board of Director’s resolution.  
 
On September 5, 2012, the WECC Board of Directors adopted the recommendation of 
the Regional Criteria Work Group that a (SAR) should be filed to evaluate VAR-502-
WECC-RBP-11, WECC Power System Stabilizer (PSS) Design and Performance, a 
Regional Business Practice (RBP), for development as a WECC Regional Reliability 
Standard (RRS).  Under WECC-0099, the WECC Control Work Group conducted the 
review concluding that a RRS should be drafted. 
 
On February 11, 2014 during the WECC Standards Committee (WSC) meeting:  
 

“A motion was made by Mr. Joe Tarantino that was seconded by Ms. Dana 
Cabbell to retire WECC-0099 having determined that the assigned project was 
complete, and to approve the proposed iterative SAR [WECC-0107] to develop a 
Power System Stabilizer RRS.  The motion carried by Consensus.  Mr. Warren 
Rust abstained.”  WSC Meeting Minutes  

 
On June 25, 2014, the WSC changed the scope of the SAR directing that the proposed 
document be structured so that PSS: 1) where installed, be operating unless specifically 
exempted, 2) tuned as specified, and 3) where not installed, installation would be required 

                                                 
1 In June 2014, the WECC Board of Directors resolved to eliminate the Regional Business Practice (RBP) category 
defaulting to a WECC Criterion (CRT) category.  
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when a generator is newly interconnected to the Bulk-Electric System (BES) or when a 
generator is updated.  The WSC further approved merging WECC-0094 VAR-501-
WECC-1 Power System Stabilizers into the document and incorporating the “P81”, 
VAR-501-WECC-2, revisions resulting from WECC-0105 (ballot closed July 18, 2014). 
 
Standard of Review 
 
The Federal Energy Regulatory Commission (FERC) has stated that Regional Entity 
Standards or Regional Variances to a NERC Reliability Standard (Standard) are 
permissible if they set more stringent reliability requirements than the NERC Reliability 
Standard; or cover matters not covered by an existing NERC Reliability Standard; or if 
they are necessitated by a physical difference in the Bulk-Electric System (BES).2 
 
Operational Background 
 
Power System Stabilizers (PSS) are needed in the Western Interconnection to dampen 
operational oscillation.  
 
PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator and are 
designed to add or subtract torque to a generator with the goal of damping oscillations on 
the WECC Interconnection’s Bulk-Electric System (BES) that otherwise would be 
amplified if the AVR is operated by itself.  
 
PSSs within WECC (originally called Supplementary Control Systems) were developed 
in the 1960s in response to power system oscillations on the Pacific Intertie within the 
Western Interconnection.  These oscillations occur at very low frequencies (<1 hertz), are 
very lightly dampened, and became known as “inter-area modes” (modes) of oscillation 
because they occurred when real power was transferred from one Western 
Interconnection geographic region to another (such as between the Pacific Northwest and 
the Southwest). 
 
These modal oscillations are the result of a combination of many machines on one part of 
the Western Interconnection BES whose voltage support response to system fluctuations 
is not in phase with the response of machines on another part of the Interconnection’s 
BES. 3 
 
 

                                                 
2 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards”, page 36.  

3 While some areas of other interconnections may experience this phenomenon, it is typically seen as only a 
local issue, not an issue for the entire interconnection. In the Western Interconnection it is seen as both an 
interconnection-wide issue and a local issue. 

 

http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
http://www.wecc.biz/library/Documentation%20Categorization%20Files/Regional%20Standards/VAR-501-WECC-1.pdf
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WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. RM09-15-
000, P23, noted that “in the Western Interconnection a significant number of transmission 
paths are voltage or frequency stability-limited, in contrast to other regions of the [BES] 
where transmission paths more often are thermally-limited. Disturbances resulting in a 
stability-limited transmission path overload, generally, must be responded to in a shorter 
time frame than a disturbance that results in a thermally-limited transmission path 
overload. [FERC has also noted] its understanding that this physical difference is one of 
the reasons for the need for certain provisions of regional Reliability Standards in the 
Western Interconnection.” 
  
When coupled with generator operations within WECC these physical characteristics 
create modal oscillation that when not corrected by the installation and accurate operation 
of PSSs causes instability within the WECC Interconnection. 
 
Description of the Draft    
 
Existing Standard  
 
WECC currently does not have a RRS that specifies the threshold at which a PSS must be 
installed; however, WECC does have an existing policy that addresses that threshold.  
(Under WECC’s current policy, a PSS is not installed on a station service generator.) 
 
Under WECC’s current policy, a PSS is installed: 
 
1) On synchronous generators, regardless of ownership, that are connected to the 

transmission system (by a generator step-up transformer to 60 kV or higher 
voltage); 
  

2) On every existing synchronous generator that is larger than 75 MVA and is 
equipped with a suitable excitation system as defined in the WECC report 
“Criteria to Determine Excitation System Suitability for PSS”, (Report) dated 
December 1992. 
 

3) On every existing synchronous generator that is larger than 30 MVA, or is part of 
a complex that has an aggregate capacity larger than 75 MVA, if the excitation 
system is updated so that it becomes a suitable excitation system as defined in the 
above mentioned Report.  This applies to all machines with excitation systems 
updated after November 18, 1993. 
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4) On every synchronous generator that is larger than 30 MVA, or is part of a 
complex that has an aggregate capacity larger than 75 MVA, and is equipped with 
suitable excitation systems commissioned after November 18, 1993. 
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Proposed Standard 
 
Under the proposed standard, PSS would be required on those synchronous generators 
that meet the BES definition.   
 
The white paper, (April 2014), Power System Stabilizer Applicability in the WECC 
System Study Progress Report to WECC-0107 Drafting Team (Draft as of May 28, 2014) 
[White Paper], examined the impact on system oscillations when PSS were included or 
excluded at varying thresholds. 

The white paper concluded: 

1)  In the WECC system model, generator size is inversely proportional to the number of 
generating units; 

2)  The nature of system-wide modes of oscillation and the effectiveness of individual 
generating units on these modes varies with the system topology and the 
instantaneous operating point conditions; and,   

3)  There is no technical justification to either exclude or include application of PSS on a 
generating unit based on size alone.  

To be updated once the document is more fully developed.  
 
Applicable Entities  
 
The proposed standard would apply to the Generator Operator and the Generator Owner.  
 
Under the NERC Functional Model, it is the task of the Generator Operator, to “report 
operating and availability status of units and related equipment, such as automatic voltage 
regulators”, of which PSS is a part.4  “Ultimately the Generator Operator’s role is to meet 
generation schedules, manage fuel supplies, and provide frequency support and reactive 
resources without jeopardizing equipment.”5  
 
It is the role of the Generator Owner to install equipment. 
To be updated once the document is more fully developed.  
 
Facilities  
 
The proposed standard would be applicable only to synchronous units covered by the 
Bulk-Electric System (BES) definition. 

                                                 
4 NERC Functional Model, Version 5, “Function – Generator Operation”, Tasks, page 48. 
5 NERC Functional Model, Version 5, “11 Generator Operator”, page 23.  
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To be updated once the document is more fully developed.  
 
Effective Date  
 
The proposed Effective Date is the first day of the fourth quarter following final regulatory 
approval.     
 
Requirements and Measures 
 
Within existing NERC and WECC Standards, there are currently Requirements to 
model6, plan7, and to run8 PSS (98% of operating hours except under twelve specified 
conditions).9   
 
The proposed standard would reframe the requirements as follows.  
 
Requirement R1 would require the Generator Operator to provide the Transmission 
Planner with the operating specifications of the Generator Operator’s PSS. 
 
Requirement R2 would mandate that PSS be in service at all times unless specifically 
exempted.  It should be noted that the proposed standard no longer counts the hours to 
determine whether a specific percentage was met.   
 
Requirement R3 would mandate tuning of a PSS to meet specific inter-area mode criteria.   
 
Requirement R4 would mandate installation of PSS on applicable units, but only after a 
set of specified triggering events.  
Requirement R5 would mandate repair or replacement of PSS within 24 months of that 
PSS unit becoming non-operational.  
To be updated once the document is more fully developed.  
 
Measures and Compliance 
 
The Measures and Compliance sections will be revisited once the substance of the Requirements 
has been determined.  The drafting team asks that comments on the Measures and Compliance 
sections be held until after the Requirements are established. 
To be updated once the document is more fully developed.  
 

                                                 
6 MOD-026-1 and MOD-032-1 
7 TPL-001-4, VAR-002-X 
8 VAR-501-WECC-1, Power System Stabilizer 
9 VAR-501-WECC-1, Power System Stabilizer, Requirement R1.  
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Project Roadmap 
 

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-
501-WECC-1.  WSC approved posting for 45-day 
comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 201410 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards 
Development Procedures 

December 23, 2014 

                                                 
10 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting of responses.  The WSC agreed that a quality response was preferable to a timely response.  



VAR-501-WECC-3 – Power System Stabilizer 

Draft #4  Posted for Comment DATE through DATE   Page 8 of 25 
Developed as WECC-0107 
 

 

17. Posting 3 Closed  January 19, 201511 

18. Posting 3 Responses Posted  February 2, 2015  

19.   Posting 4 Open April 17, 2015 

20.   Posting 4 Closed May 19, 2015 

21.   Posting 4 Responses Posted  

22. WSC approves for ballot  

23. Ballot Pool open  

24. Ballot Pool closed  

25. Joint Session noticed  

26. Joint Session  

27. Ballot open  

28. Ballot closed  

29. WSC approves forwarding to the WECC Board of 
Directors 

 

30. Posted for 30 days prior to WECC Board meeting  

31. Board meets to approve  

32. Sent to NERC  

 

                                                 
11 This document was posted for a 30-day public comment period from December 12, 2014 through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match text 
in the posted document.   
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Version History   
 

Version Date Action Change 
Tracking 

0.1 April 23, 2004 WECC Effective Date: VAR-502-
WECC-0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-
WECC-1  

 

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3   This document 
is designed to 
replace / retire: 
VAR-502-
WECC-RBP-
0.1, WECC 
Power System 
Stabilizer 
Design and 
Performance 
and to replace  
VAR-501-
WECC-1, Power 
System 
Stabilizer with a 
“Version 2” 
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 Implementation Plan 
 
To Be AnnouncedFor those entities meeting the current WECC tuning criteria, implementation 
of the standard should not be a concern.  Should an entity need to make changes to its PSS, 
concerns have been raised that there are a limited number of qualified personnel to perform those 
changes. To meet this concern, the team notes that Requirement R5 (as currently numbered on 
February 17, 2015) allows for up to 24 months to repair or replace a PSS.  The Effective Date 
has been adjusted to reflect an approximate 24 month implementation date in parallel to 
Requirement R5.   

 
 

Definitions of Terms Used in Criterion 
 

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

 
There are no new definitions proposed.   
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A.  IInnttrroodduuccttiioonn  

1. Title: Power System Stabilizers (PSS) 
 

2. Number: VAR-501-WECC-23  
 

3. Purpose: To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions, by establishing the 
performance criteria for WECC power system stabilizers 

 
4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

 

5. Facilities: This standard only applies to synchronous generators.   meeting the 
definition of Commercial Operation.  

 
6. Effective Date: This standard becomes effective on The first day of the fourthfirst 

quarter following final regulatory approval.   , except for 
Requirement R3 that becomes effective on the first day of the 
eighth quarter following regulatory approval.  

 
B. Requirements and Measures 

R1. Each Generator Operator shall provide to its Transmission Planner, the operating 
specifications for the Generator Operator’s PSS, describing each condition during 
which the PSS will be non-operational for purposes of equipment protection or 
system stabilityOperator, within 180 days of the PSS’s Commercial Operation 
date or any changes to the PSS operating specifications., the Generator Operator’s 
written operating procedure or other document(s) describing those known 
circumstances during which the Generator Operator’s PSS will not be providing 
an active signal to the Automatic Voltage Regulator (AVR).  [Violation Risk 
Factor: Low] [Time Horizon: Planning Horizon] 

 
M1. Each Generator Operator will have documented evidence that it provided to its 

Transmission Planner the operating specifications for the Generator Operator’s 
PSS systems, within 180 days of the PSS’s Commercial Operation date or any 
changes to the PSS operating specifications, describing each condition during 
which its PSS would be non-operational for purposes of equipment protection or 
system stability, as required in Requirement R1.  Operator, within the time 
allotted as described in Requirement R1, written operating procedures or other 
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document(s) describing those known circumstances during which the Generator 
Operator’s PSS will not be providing an active signal to the AVR. 

 
For auditing purposes, because the Requirement R1 conditions are intended to be 
unchanged unless otherwise notified, the Generator Operator need only provide 
the specificationsdocumentation to the Transmission PlannerOperator one time or 
whenever the operating specifications change thereafter. 
 
For auditing purposes, if a PSS is in service but is not providing dampingan active 
signal to the systemAVR as allowedrequired in Requirement R1, the disabled 
period does not count against the mandate of Requirement R2.  mandate to be in 
service except as otherwise allowed.  
 

R2. Each Generator Operator shall have its PSS in service while synchronized, 
except when the Generator Operator has notified the Transmission Operator that 
the PSS is removed from service forduring any of the following circumstances: 
[Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 

 
• Component  failure; 
• Testing of a BESBulk-Electric System Element affecting or affected by the 

PSS; 
• Maintenance; or,  
• As agreed upon by the Generator Operator and the Transmission Operator. 

 
M2.  Each Generator Operator will have documentation of each claimed exception as 

allowedspecified in Requirement R2 that includes: .  Documentation may include 
but is not limited to:  

 
• 1)  AnA written explanation covering the bulleted exception describing the 

circumstances of the exception; (and)   as allowed in Requirement R2. 
2)  ThatWhere the Transmission Operator was notified that the PSS was not 

operating as allowedexception is claimed under athe last bullet of 
Requirement R2 exception. 

 
(or) 
 
• 3)  Where applicable, the Generator Operator will have documented evidence 

that the Generator Operator and the Transmission Operator agreed that the 
PSS shouldwould not be operating during a specified set of circumstances. 

 
For auditing purposes, the presumption is that the PSS was in service. unless 
otherwise exempted in Requirement R1.  Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 
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R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Section 5) below: [Violation 
Risk Factor: Medium] [Time Horizon: Operating Assessment] 

1) PSS shall be set to provide athe measured, simulated, or calculated 
compensated nominimum-load VT/V RefVref frequency response of the 
excitation system and synchronous machine such that the phase angle will not 
exceed ± 30 degrees through the frequency range from 0.1 2 Hertz to the 
lesser of 1.0 Hertz or the highest frequency at which the phase willof the 
Vt/Vref frequency response does not exceed ±3090 degrees. 

2) PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3) PSS gain shall be set to between 1/3 and ½ of maximum practical gain.  
4) PSS washout time constant shall be no greater than 30 seconds. 
5) Units having an excitation system or PSS that is incapable of meeting the 

tuning requirements of Requirement R3 are exempt from Requirement R3 
until the voltage regulator is either replaced or retro-fitted such that the PSS 
becomes capable of meeting the tuning requirements.   

 
M3. Each Generator Operator will have documented evidence that its PSS was tuned 

to meet the specifications of Requirement R3.   Evidence may include, but is not 
limited to, a completed Attachment A for this standard that reports: 1) output 
limits, 2) per unit gain, 3) washout-time constant, and 4) bode plots of the PSS. 

 
 If the exception under Requirement R3, Section 5 is claimed, the Generator 

Operator will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the voltage 
regulator was last replaced or retro-fitted. 

 
 For auditing purposes, minimum load in Requirement R3, Section 1, is the 

minimum stable load that the unit can maintain without violating environmental 
or other regulatory mandates.     

 
R4. Each Generator Owner shall install and commission on its generator a PSS, within 

180 days of either of the following events: [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
• The Generator Owner connects a generator to the BES, after achieving 

Commercial Operation, and after the Effective Date of this standard; (or) 
• The Generator Owner replaces the voltage regulator on its existing excitation 

system, after achieving Commercial Operation, and after the Effective Date of 
this standard for its generator that is connected to the BES. 

 
M4. Each Generator Owner will have evidence that it installed and commissioned a 

PSS on its generator, within 180 days of either connecting a generator to any of 



VAR-501-WECC-3 – Power System Stabilizer 

Draft #4  Posted for Comment DATE through DATE   Page 14 of 25 
Developed as WECC-0107 
 

 

the BES or replacing the voltage regulator on its existing excitation 
systemconditions described in Requirement R4, whenever either event occurs 
after the Effective Date of this standard. 

 
For auditing purposes of Requirement R4, bullet one is intendedonly applies to 
address newly connected equipment; bullet two is intended to address equipment 
already connected on its initial (first energization) connection to the BES. 

 
R5. Each Generator Owner shall repair or replace a non-operating PSS, within 24 

months of that unitPSS becoming non-operational.incapable of meeting the tuning 
specifications stated in Requirement R3. [Violation Risk Factor: Medium] [Time 
Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced a non-
operationalits PSS, within 24 months of that unitPSS becoming non-
operational.incapable of meeting the tuning specifications of Requirement R3.  
Evidence may include, but is not limited to, documentation of: 1) the date the 
unitPSS became non-operationalincapable of meeting the Requirement R3 tuning 
specifications, and 2) the date the unitPSS was returned to service, demonstrating 
that the span of time between the two events being withinwas less than 24 months 
of one another. 
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This section 
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The following sections will be updated after the substance of the Requirements is 
established.  The DT requests that comments on this section not be submitted until the 
section is complete. 

C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 

For entities that do not work for the Regional Entity, the Regional Entity shall serve 
as the Compliance Enforcement Authority.  

For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and FERC or 
other applicable governmental authorities shall serve as the Compliance 
Enforcement Authority. 

For responsible entities that are also Regional Entities, the ERO or a Regional 
Entity approved by the ERO and FERC or other applicable governmental 
authorities shall serve as the Compliance Enforcement Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Investigations 

Self-Reporting 

Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention period specified below is shorter than the time since 
the last audit, the Compliance Enforcement Authority may ask an entity to provide 
other evidence to show that it was compliant for the full time period since the last 
audit.  
 
Each Generator Operator shall keep evidence for all Requirements of the document 
for a period of three years plus calendar current. 
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1.4  Additional Compliance Information 
None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA There shall be 
a Severe12 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator is 
found to have 
failed to 
provide its 
PSS operating 
specifications 
to the 
Transmission 
Planner as 
required in 
Requirement 
R1.  
(Requirement 
R1 is binary.) 

R2 Operations 
Assessment 

Mediu
m  

NA NA NA There shall be 
a Severe13 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator fails 
to have its 
PSS in 
service, except 
where allowed 
in 
Requirement 
R2.   

                                                 
12 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
13 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

(Requirement 
R2 is binary.) 

R3 Operations 
Assessment 

Mediu
m  

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, two times 
or less during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, three 
times during 
the audit 
period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, four times 
during the 
audit period.   

Occurs when 
the Generator 
Operator’s 
PSS fails to 
meet any of 
the required 
performances 
in 
Requirement 
R3, five times 
or more 
during the 
audit period.   

R4 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe14 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
install on its 
generator a 
PSS, as 
required n 
Requirement 
R4.   

(Requirement 
R4 is binary.) 

R5 Operational 
Assessment 

Mediu
m 

NA NA NA There shall be 
a Severe15 
Level of non-
compliance 

                                                 
14 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
15 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to repair 
or replace a 
non-
operational 
PSS as 
required in 
Requirement 
R5.   
(Requirement 
R5 is binary.) 
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Attachment A 
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out-of-service whenever necessary. 
 
Facilities 
 
The drafting team considered numerous approaches to setting the Facilities applicability 
threshold.   The drafting team noted that in the approved Version 2 of this standard the 80% 
facilities applicability threshold was not based on a discrete technical study; rather, the 80% was 
derived based on sound engineering judgment designed to include 80% of the units located 
within the Western Interconnection. 
 
Subsequent to approval of Version 2, the Bulk Electric System (BES) proceeding queried the 
industry as to the most appropriate definition of the BES, with the final decision becoming the 
threshold at which NERC standards would apply.  When compared to the Version 2 proceedings 
the BES proceedings were much more in-depth, represented a greater diversity of industry 
viewpoints, and engaged a substantial array of subject matter experts not otherwise represented 
in the Version 2 filing. 
 
Noting the additional depth and breadth of the BES when juxtaposed to the Version 2 
participation the drafting team concluded that the industry has already opined on the adequate 
threshold at which NERC Reliability Standards should apply.  As such, the drafting team opted to 
use the default BES threshold as it more broadly represents the consensus of the industry.      
Mandate to Install a PSS 
 
Nothing in this standard should be construed to require installation of PSSs solely because a PSS 
is not currently installed as of the Effective Date of this standard.  However, when described 
triggering events occur after the Effective Date of the standard, installation of PSS will become 
mandatory.  It should be noted that a PSS is neither transmission nor generation. 
 
Requirement R1 

Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states such as on, off, active, and 
non-active.  So long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard.  If 
the PSS is not operating in accordance with the documentation provided to the Transmission 
Planner, this could be considered a status change for purposes of NERC VAR-002-3, 
Requirement R3.     
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This Requirement eliminates the requirement to count hours as required in the previous version 
of this standard while also allowing the Generator Operator to create a unit-specific operating 
plan.  

The intent of the Requirement R1 is to provide the Transmission Planner the PSS operating zone 
in which the PSS is, “active”, i.e., providing damping to the power system. Some PSS 
maybemay be programmed to become “active” at a specified MW loading level and above while 
others maybemay be programmed to be “active” in a particular band of MW loading levels and 
are “non-active” only when passing through the “rough zone” or some other band.  A “rough 
zone” is a MW loading band in which the generator-turbine system could contribute to system 
instability.  

Requirement R2 

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in-
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing).  Unlike Requirement R1, the 
circumstances listed in Requirement R2 are not consider normal operation of the PSS.   

 

Requirement R3 

The intent of Requirement R3 is to clarifyspecify the tuning requirements associated with the 
tuning of the parameters in the PSS. 

The PSS transfer function should compensate the phase characteristics of the generator excitation 
power system (GEP) transfer function so the compensated transfer function ((PSS(s) X GEP(s))  
has a phase characteristic of +/- 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic cannot 
be directly measured during field tests (only via simulation). Thus, the Requirement recognizes 
the practical approach of measuring the frequency response between voltage reference set-point 
and terminal voltage (Et/Vref) and using the phase characteristic of such frequency response as 
being the phase characteristic of GEP(s). The phase characteristic of Et/Vref is a better 
approximation to the phase characteristic of GEP(s) when the frequency response Et/Vref is 
obtained with the generator synchronized to the grid at its minimum stable power output. 
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In an effort to allow for reasonable wash-out time constants the Requirement specifies 0.2 Hz as 
the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed oscillation 
frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished.  

This Requirement modifies the requirement associated with the adjustment of the PSS gain. The 
standard no longer defines the PSS gain in terms of gain margin but instead requires that the final 
PSS gain should be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or the raise of higher frequency oscillations in the closed loop response (exciter mode) or 
any other form if inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished. 

Requirement R4 

Requirement R4 requires a Generator Owner to install PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems, not existing systems without PSS. The Requirement also 
allows a reasonable amount of time for commissioning of new PSS. 

Requirement R5 

The intent of Requirement R5 is to remove the "tiered" approach to PSS repair / replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and test 
the repaired or replaced PSS.   It is recognized that in some instances, the automatic voltage 
regulator may require replacement as well as the PSS to achieve a functioning system. 

The 24 month timeframe is sufficient to return a functional, operating PSS to service.  
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Response to Comments / Posting 4 
April 17, 2015 through May 19, 2015 

Posting #4 

The WECC-0107, VAR-501-WECC-2, Power System Stabilizer Drafting Team (DT) thanks everyone who 
submitted comments on the proposed document. 

Posting 

This document was last posted for a 30-day public comment period from April 17, 2015 through 
May 19, 2015.       
 
WECC distributed the notice for the posting on April 15, 2015.  The DT asked stakeholders to provide 
feedback on the proposed document through a standardized electronic template. WECC received 
comments from four companies representing five of the eight Industry Segments, as shown in the 
WECC Standards Voting Sector Table that follows.   

Location of Comments 

All comments received on the document can be viewed in their original format on the project page 
under the “Submit and Review Comments” accordion. 

Changes in Response to Comment 

In reviewing Requirement R1 in conjunction with the NERC Functional Model Version 5, the DT changed 
the applicable entity in Requirement R1 (and also Requirement R3) and the associated Measure from 
Generator Operator to Generator Owner (Tacoma comment), and also clarified “as described in the 
procedures required in Requirement R1” (Bureau of Reclamation comment) as follows: 
  

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 days of the 
PSS’s Commercial Operation date or any changes to the PSS operating specifications, the 
Generator Owner’s written operating procedure or other document(s) describing those 
known circumstances during which the Generator Owner’s PSS will not be providing an 
active signal to the Automatic Voltage Regulator (AVR).  [Violation Risk Factor: Low] 
[Time Horizon: Planning Horizon] 

 
M1. Each Generator Owner will have documented evidence that it provided to its 

Transmission Operator, within the time allotted as described in the procedures required 
under Requirement R1, written operating procedures or other document(s) describing 
those known circumstances during which the Generator Operator’s PSS will not be 
providing an active signal to the AVR. 
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For auditing purposes, because the Requirement R1 conditions are intended to be 
unchanged unless otherwise notified, the Generator Operator need only provide the 
documentation to the Transmission Operator one time or whenever the operating 
specifications change thereafter. 

 
For auditing purposes, if a PSS is in service but is not providing an active signal to the 
AVR as described in the procedures required in Requirement R1, the disabled period 
does not count against the Requirement R2 mandate to be in service except as 
otherwise allowed. 

 
Effective Date 

The Effective Date changed as follows creating a tiered compliance based on when the units are placed 
into service.  The associated Implementation Plan and justification were added to the preamble of the 
document.   

 
6. Effective Date: The first day of the first quarter following regulatory approval, except for 

Requirement R3. 
 

For units placed in first-time service after regulatory approval, 
Requirement R3 is effective the first day of the first quarter following 
final regulatory approval. 
 
For units placed in service prior to final regulatory approval, Requirement 
R3 is effective the first day of the first quarter that is five years after 
regulatory approval.   

   

Action Plan 

The Arizona Public Service (APS) commented that the language of Requirement R3 addressing Vt/Vref 
implies Vt/Vref must be measured at minimum load.  APS recommended the minimum load 
requirements be removed.  Although the DT disagreed with APS, the DT took as an action item to 
further consider a descriptive and clarifying narrative to accompany the Requirement in the standard’s 
guidance/rationale section. 
 
A white paper titled WECC-0107 VAR-501-WECC-2, Power System Stabilizers, Use of Minimum Load for 
Tuning in Proposed Requirement R3 was reviewed by the drafting team on July 2, 2015 and posted on 
the WECC-0107 project page, on the Posted for Comment accordion.  The paper is not offered for 
comment; rather, it is provided for individual use as a decision making tool.   
 
Not all of the DT agreed with the conclusion of the paper that minimum-load is the best premise for 
tuning; however, the DT did see the value as presented in the paper.  The DT opted not to change the 
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minimum-load requirement in Requirement R3 but did accommodate the imposed burden by creating 
a tiered Effective Date (see above).   
 
On July 2, 2015, the DT agreed by majority vote to repost the document for 30-day comment.  The 
project is targeted for comment from July 7 through August 6, 2015.  The DT will reconvene to address 
comments on August 7, 2015, 10:00 a.m. to 12:00 p.m., to address comments.  If no further 
substantive changes are made on that date, the DT will forward the project to the WECC Standards 
Committee on August 12, 2015 with a request for ballot.      

Contacts and Appeals 

If you feel your comment has been omitted or overlooked, please contact the Manager, WECC 
Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there is a WECC Reliability 
Standards Appeals Process. 
 
WECC Standards Voting Sector Table  
 
The WECC Standards Voting Sectors are: 
 
1 — Transmission Sector 
2 — Generation Sector  
3 — Marketers and Brokers Sector 
4 — Distribution Sector  
5 — System Coordination Sector 
6 — End Use Representative Sector 
7 — State and Provincial Representatives Sector 
8 — Other Non-Registered WECC Members and Participating Stakeholders Sector 
 
Commenter Organization WECC Standards Voting Sectors 
B 1 2 3 4 5 6 7 8 
1 Joseph Wilson Tacoma Power X X X X X    
2 Kristie Cocco Arizona Public 

Service Company 
(APS) 

X X X X X    

3 Erika Doot Bureau of 
Reclamation X X       

4 David Lemmons Xcel Energy/Public 
Service Company 
of Colorado 

X X X X X    



Comment Report Form for WECC-0107  4 

 

Index to Questions, Comments, and Responses 

Question 

1. The drafting team welcomes comments on all aspects of the document.   
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The drafting team welcomes comments on all aspects of the document.   

Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

Tacoma   Requirement 1 (R1) 

Tacoma Power suggests separating R1 into two Requirements. The 
new requirement would require the Generator Owner to 
communicate to the Generator Operator any changes to the PSS 
configuration describing those known circumstances during which 
the PSS will not be providing an active signal to the Automatic 
Voltage Regulator. The Generator Owner is responsible for 
specification, installation, configuration and maintenance of the 
PSS and AVR. The second requirement would then state that the 
Generator Operator is responsible for communicating these 
changes to the Transmission Operator. Having two clear 
requirements outlining the communication flow between entities 
eliminates confusion.  

Measure 3 (M3) 

In the first paragraph change "Operator" to "Owner". 

Suggested Bifurcation of Requirement R1 

The DT appreciates Tacoma’s request to restructure the requirement; however, the DT disagrees that the 
requested separation is needed.    

In further reviewing Requirement R1 in conjunction with the NERC Functional Model Version 5, the DT 
changed the applicable entity in Requirement R1 and the associated Measure from Generator Operator to 
Generator Owner, as follows:  

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 days of the PSS’s 
Commercial Operation date or any changes to the PSS operating specifications, the Generator 
Owner’s written operating procedure or other document(s) describing those known 
circumstances during which the Generator Owner’s PSS will not be providing an active signal 
to the Automatic Voltage Regulator (AVR).  [Violation Risk Factor: Low] [Time Horizon: 
Planning Horizon]  

AZPS   AZPS submits the following comments to WECC-0107 Posting 4: 

Page 3 of 25 – Description of the Draft 

AZPS recommends that Paragraph 1) should be modified to reflect 



Comment Report Form for WECC-0107  6 

Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

100 kV to match the new BES definition. 

Page 11 of 25 – A. Introduction 

AZPS recommends Section 5 – Facilities should be modified for 
clarity as follows: This standard applies to synchronous generation 
connected to the BES meeting the definition of Commercial 
Operation. 

Page 12 of 25 – R2 

AZPS recommends the exceptions listed in R2 include operating 
generator below PSS threshold loading (historically this was 
exception R1.5). 

Page 13 of 25 – R3 

R3 implies that Vt/Vref must be measured at minimum load.  AZPS 
recommends that the minimum load requirement be removed for 
the following reasons: 

•For many units, full load is a better measurement point for 
Vt/Vref for tuning PSS.  This is how it has been done historically. 

•Many units are barely stable at minimum load and hence it is 
problematic to measure Vt/Vref at minimum load. Even if it can be 
measured it may not be possible to measure instability gain at the 
minimum load.  

•If PSS settings are based upon calculations it is simple to use any 
load; however, many utilities, including AZPS, prefer to set PSS 
based upon actual field measurements so that there are no errors 
related to system models. 

•If minimum loading requirements are maintained, all of the 
existing settings will become invalid and will require that PSS of all 
units in AZPS system (and in other systems) be retuned and the 
frequency response re-measured.   

•If the drafting team believes Vt/Vref must absolutely be 
measured at minimum load, please provide sufficient technical 
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background and solutions to the problems mentioned above. 

Description and Preamble 

The DT appreciates AZPS’ suggested changes to the document’s preamble.  For the next posting the entire 
preamble will be removed.  AZPS’s observations will be considered for inclusion in the final filing narrative, 
should the project reach that stage.   

Introduction to Include BES 

The DT has opted not to include the reference to BES as the BES threshold is the default for all NERC 
Standards.  

Include Operating Generator below PSS Threshold Loading 

The drafting team disagrees with this suggestion. The PSS should be in-service according to the information 
provided to the Transmission Operator in Requirement R1.  It may not be providing an active signal to the 
Automatic Voltage Regulator if the generator is operating below the PSS threshold.  

Removal of Minimum Load 

The phrase “minimum-load VT/Vref” has been retained. 

APS commented that the language of Requirement R3 addressing Vt/Vref implies Vt/Vref must be 
measured at minimum load.  APS recommended the minimum load requirements be removed.  Although 
the DT disagreed with APS, the DT took as an action item to further consider a descriptive and clarifying 
narrative to accompany the Requirement in the standard’s guidance/rationale section. 

Subsequent entry July 2, 2015: 

On July 2, 2015, the DT met to further discuss the minimum-load issue.  A white paper, WECC-0107, Power 
System Stabilizers, Use of Minimum-Load for Tuning in Proposed Requirement R3, explaining the premise 
for the minimum-load requirement, was presented and reviewed.  The paper was posted for review at the 
WECC-0107 project page on the Posted for Comment accordion.  The white paper is in support of using 
minimum-load for tuning purposes; however, not all of the DT concurs with the analysis.  

The DT encourages each entity to review the white paper and make a well-reasoned decision thereafter.   

In redrafting Requirement R3, the DT concluded that tuning may be completed by measurement, 
simulation, or calculation.  (Determining the gain is not part of the Requirement.)  The DT agrees with APS 
that actual field measurement is highly valued but also notes that actual field measurements are not the 
only means to meet the reliability-related task.  Retaining the three options provides the field with some 
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latitude.  

The DT concurs that as drafted, Requirement R3 may require retuning of existing units.  To provide the 
field a reasonable window of compliance, the Effective Date of Requirement R3 has been modified.  For 
new units, the requirement becomes effective with the regularly established approval date.  For units 
already in the field and already adequately tuned to existing tuning parameters, Requirement R3 will not 
become effective until five years after the regulatory approval date.  The new Effective Date is as follows:  

6. Effective Date: The first day of the first quarter following regulatory approval, except for 
Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 
is effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is 
effective the first day of the first quarter that is five years after regulatory 
approval. 

Bureau of Reclamation    The Bureau of Reclamation (Reclamation) agrees with the drafting 
team's explanation in M1 of the relationship between R1 and R2. 
However, Reclamation believes the phrasing should be "as 
described in the procedures required under Requirement R1," 
rather than "as required in Requirement R1." The updated 
statement would read, "For auditing purposes, if a PSS is in service 
but is not providing an active signal to the AVR as described in the 
procedures required under Requirement R1, the disabled period 
does not count against Requirement R2." In addition, this 
statement may be more appropriate for inclusion in M2 because 
evidence described in M1 is the operating specifications rather 
than operational information.  

Reclamation supports the PSS tuning specifications included in R3.  

Reclamation agrees with the 24-month PSS repair or replacement 
timeframe included in R5.  

Measure M1 suggested language “as described in the procedures required under Requirement R1." 

This language was accepted.  The new Measure M1 now reads:  

M1. Each Generator Operator will have documented evidence that it provided to its Transmission 
Operator, within the time allotted as described in the procedures required under 
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Requirement R1, written operating procedures or other document(s) describing those known 
circumstances during which the Generator Operator’s PSS will not be providing an active 
signal to the AVR. 

For auditing purposes, because the Requirement R1 conditions are intended to be unchanged 
unless otherwise notified, the Generator Operator need only provide the documentation to 
the Transmission Operator one time or whenever the operating specifications change 
thereafter. 

For auditing purposes, if a PSS is in service but is not providing an active signal to the AVR as 
described in the procedures required in Requirement R1, the disabled period does not count 
against the Requirement R2 mandate to be in service except as otherwise allowed. 

PSCo/Xcel   Public Service Company of Colorado appreciates the efforts made 
by the standard drafting team to improve the existing WECC 
Regional Reliability Standard VAR-501-WECC-2. This proposed 
document is a significant improvement over the current standard. 
However, PSCo has identified two issues of concern with the draft 
document. These issues are: 

R4 – PSCo recommends that the drafting team add the phrase 
"have plans to" prior to the word install. This would allow the unit 
[to] address issues with the PSS without violating the requirement 
if the commissioning process for the PSS is delayed. As currently 
written, the unit would be in violation of the requirement whether 
it operates or not if the PSS commissioning is not completed within 
180 days of the unit achieving Commercial Operation.  

R3 and R5 Coordination – As currently written, it is unclear if a PSS 
that meets the R3 item 5 exemption must be replaced under R5 of 
the standard. It is our understanding that the intent is to not 
require an older PSS be replaced within 24 months of the standard 
becoming effective. However, in both R3 item 5 and R5, the 
drafting team has used the term "incapable" which may cause 
confusion as to when a PSS must be replaced. The drafting team 
should discuss utilizing different terms in the two requirements to 
differentiate older equipment from equipment that has a 
mechanical or electrical issue occur. As an example, using the word 
"unable" in R3 #5 could help differentiate the two items without 
significantly changing the intent of the exclusion. 
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R4 – PSCo recommends that the drafting team add the phrase "have plans to" prior to the word install. 

The DT does not agree with PSCo’s recommendation in that the existing wording is clear and the timeframe 
is adequate to meet the requirement.  PSCo’s suggestion to include “having a plan” or “having plans to” 
perform a task is ambiguous and open-ended.  

The DT also recognizes that under extreme circumstances there are times when a potential violation of the 
requirement could occur due to circumstances beyond the control of the applicable entity.  (In contract 
terms this would be a force majeure.)  Bounding all such fact patterns in a requirement is not practical.    

R3 and R5 Coordination/Clarification  

The DT opted not to make any further changes to Requirements R3 and R5.  The language in Requirement R3 
looks forward to ensure that a unit is tuned.  By contrast, the language in Requirement R5 looks backwardb.   

Specifically, the language in Requirement R5 “becoming incapable” indicates the unit was previously capable 
of meeting the tuning requirements in Requirement R3, but is no longer capable.  Restated, Requirement R5 
addresses units that were previously working but are now no longer working – AKA: they are now broken. 
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Standard Development Timeline 

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

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting of responses.  The WSC agreed that a quality response was preferable to a timely response.  
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16. FERC approved new WECC Reliability Standards 
Development Procedures 

December 23, 2014 

17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

26. Posting 5 Responses Posted  

27.  Ballot Pool open  

28. Ballot Pool closed  

29.  Joint Session noticed  

30. Joint Session  

31.  Ballot open  

32.  Ballot closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

34. Posted for 30 days prior to WECC Board meeting  

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014 through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match text 
in the posted document.   
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35.  Board meets to approve  

36. Sent to NERC  
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Version History   
 

Version Date Action Change 
Tracking 

0.1 April 23, 2004 WECC Effective Date: VAR-502-
WECC-0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-
WECC-1  

 

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3   This document is 
designed to 
replace / retire: 
VAR-502-
WECC-RBP-0.1, 
WECC Power 
System Stabilizer 
Design and 
Performance and 
to replace  VAR-
501-WECC-1, 
Power System 
Stabilizer with a 
“Version 2” 



VAR-501-WECC-3 – Power System Stabilizer 

Draft #5  Posted for Comment 7-7-2015 through 8/6/2015   Page 5 of 17 
Developed as WECC-0107 
 

 

Implementation Plan 
 
VAR-501-WECC-2, Power System Stabilizers (PSS)  
 
Standards Authorization Request 
 
WECC-0107 VAR-501-WECC-2 Power System Stabilizer Standards Authorization 
Request  
 
Approvals Required 
 
VAR-501-WECC-2, Power System Stabilizers (PSS)  
 
Prerequisite Approvals 
 

• WECC Ballot Pool      
• WECC Standards Committee     
• WECC Board of Directors     
• NERC Board of Trustees     
• Federal Energy Regulatory Commission and other regulatory authorities    

 
Applicable Entities 
 
Generator Operator 
Generator Owner 
 
Conforming Changes to Other Standards 
 
None required. 
 
Effective Date    
 
6. Effective Date: The first day of the first quarter following regulatory approval, 

except for Requirement R3. 
 

For units placed in first-time service after regulatory approval, 
Requirement R3 is effective the first day of the first quarter 
following final regulatory approval. 
 
For units placed in service prior to final regulatory approval, 
Requirement R3 is effective the first day of the first quarter that is 
five years after regulatory approval.  
  

 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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Justification 
 
The document has a standardized effective date with the exception of Requirement R3.  
 
The Effective Date recognizes that the reliability-related tasks included in Requirement R3 are a 
change from existing tuning parameters and could impose an entity-specific burden that is 
moderate to severe, depending on the existing practices of each entity.  The tiered 
implementation of the Requirement R3 ameliorates the burden. 
 
For units placed into first-time service after regulatory approval, those units will require initial 
testing, tuning, and set-up. As such, immediate compliance with Requirement R3 for new units 
should impose no additional undue burden, while still enhancing reliability in the earlier years of 
this standard’s implementation.   
 
For units already in service prior to regulatory approval and tuned to existing tuning parameters, 
many of these units are currently and adequately tuned to pre-Requirement R3 parameters and 
need not be immediately revisited.  The five-year applicability date for those units already in 
service lessens the burden while targeting a uniform tuning across the Interconnection at a date 
certain.         
 
Consideration of Early Compliance 
 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Retirements 
 
This document will replace VAR-501-WECC-1, Power System Stabilizer.  
 
 

Definitions of Terms Used in Criterion 
 

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

 
There are no new definitions proposed.   



VAR-501-WECC-3 – Power System Stabilizer 

Draft #5  Posted for Comment 7-7-2015 through 8/6/2015   Page 7 of 17 
Developed as WECC-0107 
 

 

 
A.  IInnttrroodduuccttiioonn  

1. Title: Power System Stabilizers (PSS) 
 

2. Number: VAR-501-WECC-3  
 

3. Purpose: To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions, by establishing the 
performance criteria for WECC power system stabilizers 

 
4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

 

5. Facilities: This standard applies to synchronous generators meeting the 
definition of Commercial Operation.  

 
6. Effective Date: The first day of the first quarter following regulatory approval, 

except for Requirement R3. 
 

For units placed in first-time service after regulatory approval, 
Requirement R3 is effective the first day of the first quarter 
following final regulatory approval. 
 
For units placed in service prior to final regulatory approval, 
Requirement R3 is effective the first day of the first quarter that is 
five years after regulatory approval.   

 
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 
days of the PSS’s Commercial Operation date or any changes to the PSS 
operating specifications, the Generator Owner’s written operating procedure or 
other document(s) describing those known circumstances during which the 
Generator Owner’s PSS will not be providing an active signal to the Automatic 
Voltage Regulator (AVR).  [Violation Risk Factor: Low] [Time Horizon: 
Planning Horizon] 

 
M1. Each Generator Owner will have documented evidence that it provided to its 

Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written operating procedures or other 
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document(s) describing those known circumstances during which the Generator 
Operator’s PSS will not be providing an active signal to the AVR. 

 
For auditing purposes, because the Requirement R1 conditions are intended to be 
unchanged unless otherwise notified, the Generator Operator need only provide 
the documentation to the Transmission Operator one time or whenever the 
operating specifications change thereafter. 

 
For auditing purposes, if a PSS is in service but is not providing an active signal 
to the AVR as described in the procedures required in Requirement R1, the 
disabled period does not count against the Requirement R2 mandate to be in 
service except as otherwise allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, 
except during any of the following: [Violation Risk Factor: Medium] [Time 
Horizon: Operating Assessment] 

 
• Component  failure; 
• Testing of a Bulk-Electric System Element affecting or affected by the PSS; 
• Maintenance; 
• As agreed upon by the Generator Operator and the Transmission Operator. 

 
M2.  Each Generator Operator will have documentation of each claimed exception 

specified in Requirement R2.  Documentation may include but is not limited to:  
 

• A written explanation covering the bulleted exception describing the 
circumstances of the exception as allowed in Requirement R2. 

• Where the exception is claimed under the last bullet of Requirement R2, the 
Generator Operator will have documented evidence that the Generator 
Operator and the Transmission Operator agreed the PSS would not be 
operating during a specified set of circumstances. 

 
For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R1.  Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 
 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Section 5) below: [Violation 
Risk Factor: Medium] [Time Horizon: Operating Assessment] 

1) PSS shall be set to provide the measured, simulated, or calculated 
compensated minimum-load VT/Vref frequency response of the excitation 
system and synchronous machine such that the phase angle will not exceed ± 
30 degrees through the frequency range from 0.2 Hertz to the lesser of 1.0 
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Hertz or the highest frequency at which the phase of the Vt/Vref frequency 
response does not exceed 90 degrees. 

2) PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3) PSS gain shall be set to between 1/3 and ½ of maximum practical gain.  
4) PSS washout time constant shall be no greater than 30 seconds. 
5) Units having an excitation system or PSS that is incapable of meeting the 

tuning requirements of Requirement R3 are exempt from Requirement R3 
until the voltage regulator is either replaced or retro-fitted such that the PSS 
becomes capable of meeting the tuning requirements.   

 
M3. Each Generator Owner will have documented evidence that its PSS was tuned to 

meet the specifications of Requirement R3. 
 
 If the exception under Requirement R3, Section 5 is claimed, the Generator 

Owner will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the voltage 
regulator was last replaced or retro-fitted. 

 
 For auditing purposes, minimum load in Requirement R3, Section 1, is the 

minimum stable load that the unit can maintain without violating environmental 
or other regulatory mandates.     

 
R4. Each Generator Owner shall install and commission on its generator a PSS, within 

180 days of either of the following events: [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
• The Generator Owner connects a generator to the BES, after achieving 

Commercial Operation, and after the Effective Date of this standard; (or) 
• The Generator Owner replaces the voltage regulator on its existing excitation 

system, after achieving Commercial Operation, and after the Effective Date of 
this standard for its generator that is connected to the BES. 

 
M4. Each Generator Owner will have evidence that it installed and commissioned a 

PSS on its generator, within 180 days of any of the conditions described in 
Requirement R4, whenever either event occurs after the Effective Date of this 
standard. 

 
For auditing purposes of Requirement R4, bullet one only applies to equipment on 
its initial (first energization) connection to the BES. 

 
R5. Each Generator Owner shall repair or replace a PSS, within 24 months of that 

PSS becoming incapable of meeting the tuning specifications stated in 
Requirement R3. [Violation Risk Factor: Medium] [Time Horizon: Operational 
Assessment] 
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M5. Each Generator Owner will have evidence that it repaired or replaced its PSS, 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of: 1) the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and 2) the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less than 
24 months. 
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C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 

For entities that do not work for the Regional Entity, the Regional Entity shall serve 
as the Compliance Enforcement Authority.  

For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and FERC or 
other applicable governmental authorities shall serve as the Compliance 
Enforcement Authority. 

For responsible entities that are also Regional Entities, the ERO or a Regional 
Entity approved by the ERO and FERC or other applicable governmental 
authorities shall serve as the Compliance Enforcement Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Investigations 

Self-Reporting 

Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention period specified below is shorter than the time since 
the last audit, the Compliance Enforcement Authority may ask an entity to provide 
other evidence to show that it was compliant for the full time period since the last 
audit.  
 
Each Generator Operator shall keep evidence for all Requirements of the document 
for a period of three years plus calendar current. 

 
1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA There shall be 
a Severe3 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
provide its 
PSS operating 
specifications 
to the 
Transmission 
Planner as 
required in 
Requirement 
R1.  
(Requirement 
R1 is binary.) 

R2 Operations 
Assessment 

Medium  NA NA NA There shall be 
a Severe4 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator fails 
to have its 
PSS in 
service, except 
where allowed 
in 
Requirement 
R2.   
(Requirement 

                                                 
3 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
4 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R2 is binary.) 
R3 Operations 

Assessment 
Medium  Occurs when 

the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, two times 
or less during 
the audit 
period.   

Occurs when 
the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, three 
times during 
the audit 
period.   

Occurs when 
the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, four times 
during the 
audit period.   

Occurs when 
the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, five times 
or more 
during the 
audit period.   

R4 Operational 
Assessment 

Medium NA NA NA There shall be 
a Severe5 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
install on its 
generator a 
PSS, as 
required n 
Requirement 
R4.   

(Requirement 
R4 is binary.) 

R5 Operational 
Assessment 

Medium NA NA NA There shall be 
a Severe6 
Level of non-
compliance 
on any 

                                                 
5 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
6 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

occasion that 
the Generator 
Owner is 
found to have 
failed to repair 
or replace a 
non-
operational 
PSS as 
required in 
Requirement 
R5.   
(Requirement 
R5 is binary.) 
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out-of-service whenever necessary. 
 
Mandate to Install a PSS 
 
Nothing in this standard should be construed to require installation of PSSs solely because a PSS 
is not currently installed as of the Effective Date of this standard.  However, when described 
triggering events occur after the Effective Date of the standard, installation of PSS will become 
mandatory.  It should be noted that a PSS is neither transmission nor generation. 
 
Requirement R1 

Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states such as on, off, active, and 
non-active.  So long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous version 
of this standard while also allowing the Generator Owner to create a unit-specific operating plan.  

The intent of the Requirement R1 is to provide the Transmission Planner the PSS operating zone 
in which the PSS is, “active”, i.e., providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified MW loading level and above while others may be 
programmed to be “active” in a particular band of MW loading levels and are “non-active” only 
when passing through the “rough zone” or some other band.  A “rough zone” is a MW loading 
band in which the generator-turbine system could contribute to system instability.  

Requirement R2 

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in-
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 

Unlike the language in Requirement R5 that looks backwards to address units that were once 
operating but are no longer capable of operating (AKA: broken), Requirement R3 looks forward 
requiring that units be tuned to the specified parameters.   

The intent of Requirement R3 is to specify the tuning requirements of the PSS.  This is a 
forward-looking requirement as opposed to Requirement R5 that is a backward-looking 
requirement.  

The PSS transfer function should compensate the phase characteristics of the generator excitation 
power system (GEP) transfer function so the compensated transfer function ((PSS(s) X GEP(s))  
has a phase characteristic of +/- 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic cannot 
be directly measured during field tests (only via simulation). Thus, the Requirement recognizes 
the practical approach of measuring the frequency response between voltage reference set-point 
and terminal voltage (Et/Vref) and using the phase characteristic of such frequency response as 
being the phase characteristic of GEP(s). The phase characteristic of Et/Vref is a better 
approximation to the phase characteristic of GEP(s) when the frequency response Et/Vref is 
obtained with the generator synchronized to the grid at its minimum stable power output. 

In an effort to allow for reasonable wash-out time constants the Requirement specifies 0.2 Hz as 
the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed oscillation 
frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. The 
standard no longer defines the PSS gain in terms of gain margin but instead requires that the final 
PSS gain should be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or the raise of higher frequency oscillations in the closed loop response (exciter mode) or 
any other form if inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished. 
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Requirement R4 

Requirement R4 requires a Generator Owner to install PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems, not existing systems without PSS. The Requirement also 
allows a reasonable amount of time for commissioning of new PSS. 

Requirement R5 

Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backwards. Specifically, the language in Requirement R5 “becoming 
incapable” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working – AKA: they are now broken. 

The intent of Requirement R5 is to remove the "tiered" approach to PSS repair / replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and test 
the repaired or replaced PSS.   It is recognized that in some instances, the Automatic Voltage 
Regulator may require replacement as well as the PSS to achieve a functioning system. 

The 24 month timeframe is sufficient to return a functional, operating PSS to service.  
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Standard Development Timeline 

  
This section is maintained by the drafting team during the development of the standard and will 
be removed when the standard becomes effective.   
 
Posting for Comment 
 
This document is in its fourth posting.  
 
Procedural Background 
 
Standard Authorization Request (SAR) Consolidation  
 
WECC-0094 VAR-501-WECC-“1” PSS and the ballot results of the WECC-0105 P81 
redraft have been merged into WECC-0107 VAR-501-WECC-“3” resulting in a 
document applicable to the BES. 
 
This Standards Authorization Request (SAR) to review WECC’s PSS-related documents 
is in response to a WECC Board of Director’s resolution.  
 
On September 5, 2012, the WECC Board of Directors adopted the recommendation of 
the Regional Criteria Work Group that a (SAR) should be filed to evaluate VAR-502-
WECC-RBP-11, WECC Power System Stabilizer (PSS) Design and Performance, a 
Regional Business Practice (RBP), for development as a WECC Regional Reliability 
Standard (RRS).  Under WECC-0099, the WECC Control Work Group conducted the 
review concluding that a RRS should be drafted. 
 
On February 11, 2014 during the WECC Standards Committee (WSC) meeting:  
 

“A motion was made by Mr. Joe Tarantino that was seconded by Ms. Dana 
Cabbell to retire WECC-0099 having determined that the assigned project was 
complete, and to approve the proposed iterative SAR [WECC-0107] to develop a 
Power System Stabilizer RRS.  The motion carried by Consensus.  Mr. Warren 
Rust abstained.”  WSC Meeting Minutes  

 
On June 25, 2014, the WSC changed the scope of the SAR directing that the proposed 
document be structured so that PSS: 1) where installed, be operating unless specifically 
exempted, 2) tuned as specified, and 3) where not installed, installation would be required 
when a generator is newly interconnected to the Bulk-Electric System (BES) or when a 
generator is updated.  The WSC further approved merging WECC-0094  Power System 

                                                 
1 In June 2014, the WECC Board of Directors resolved to eliminate the Regional Business Practice (RBP) category 
defaulting to a WECC Criterion (CRT) category.  
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Stabilizers into the document and incorporating the “P81”, VAR-501-WECC-2, revisions 
resulting from WECC-0105 (ballot closed July 18, 2014). 
 
Standard of Review 
 
The Federal Energy Regulatory Commission (FERC) has stated that Regional Entity 
Standards or Regional Variances to a NERC Reliability Standard (Standard) are 
permissible if they set more stringent reliability requirements than the NERC Reliability 
Standard; or cover matters not covered by an existing NERC Reliability Standard; or if 
they are necessitated by a physical difference in the Bulk-Electric System (BES).2 
 
Operational Background 
 
Power System Stabilizers (PSS) are needed in the Western Interconnection to dampen 
operational oscillation.  
 
PSSs are part of the Automatic Voltage Regulation (AVR) system of a generator and are 
designed to add or subtract torque to a generator with the goal of damping oscillations on 
the WECC Interconnection’s Bulk-Electric System (BES) that otherwise would be 
amplified if the AVR is operated by itself.  
 
PSSs within WECC (originally called Supplementary Control Systems) were developed 
in the 1960s in response to power system oscillations on the Pacific Intertie within the 
Western Interconnection.  These oscillations occur at very low frequencies (<1 hertz), are 
very lightly dampened, and became known as “inter-area modes” (modes) of oscillation 
because they occurred when real power was transferred from one Western 
Interconnection geographic region to another (such as between the Pacific Northwest and 
the Southwest). 
 
These modal oscillations are the result of a combination of many machines on one part of 
the Western Interconnection BES whose voltage support response to system fluctuations 
is not in phase with the response of machines on another part of the Interconnection’s 
BES. 3 
 
 
 
 

                                                 
2 Order No. 672 at P 291.  See also NERC Functional Model, Version 5, “2. Reliability Standards”, page 36.  

3 While some areas of other interconnections may experience this phenomenon, it is typically seen as only a 
local issue, not an issue for the entire interconnection. In the Western Interconnection it is seen as both an 
interconnection-wide issue and a local issue. 
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WECC Physical Characteristics 
 
The Federal Energy Regulatory Commission (FERC) Order 740, Docket No. RM09-15-
000, P23, noted that “in the Western Interconnection a significant number of transmission 
paths are voltage or frequency stability-limited, in contrast to other regions of the [BES] 
where transmission paths more often are thermally-limited. Disturbances resulting in a 
stability-limited transmission path overload, generally, must be responded to in a shorter 
time frame than a disturbance that results in a thermally-limited transmission path 
overload. [FERC has also noted] its understanding that this physical difference is one of 
the reasons for the need for certain provisions of regional Reliability Standards in the 
Western Interconnection.” 
  
When coupled with generator operations within WECC these physical characteristics 
create modal oscillation that when not corrected by the installation and accurate operation 
of PSSs causes instability within the WECC Interconnection. 
 
Description of the Draft    
 
WECC currently does not have a RRS that specifies the threshold at which a PSS must be 
installed; however, WECC does have an existing policy that addresses that threshold.  
(Under WECC’s current policy, a PSS is not installed on a station service generator.) 
 
Under WECC’s current policy, a PSS is installed: 
 
1) On synchronous generators, regardless of ownership, that are connected to the 

transmission system (by a generator step-up transformer to 60 kV or higher 
voltage); 
  

2) On every existing synchronous generator that is larger than 75 MVA and is 
equipped with a suitable excitation system as defined in the WECC report 
“Criteria to Determine Excitation System Suitability for PSS”, (Report) dated 
December 1992. 
 

3) On every existing synchronous generator that is larger than 30 MVA, or is part of 
a complex that has an aggregate capacity larger than 75 MVA, if the excitation 
system is updated so that it becomes a suitable excitation system as defined in the 
above mentioned Report.  This applies to all machines with excitation systems 
updated after November 18, 1993. 
 

4) On every synchronous generator that is larger than 30 MVA, or is part of a 
complex that has an aggregate capacity larger than 75 MVA, and is equipped with 
suitable excitation systems commissioned after November 18, 1993. 
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Proposed Standard 
 
To be updated once the document is more fully developed.  
 
Applicable Entities  
 
To be updated once the document is more fully developed.  
 
Facilities  
 
To be updated once the document is more fully developed.  
 
Effective Date  
 
The proposed Effective Date is the first day of the fourth quarter following final regulatory 
approval.     
 
Requirements and Measures 
 
To be updated once the document is more fully developed.  
 
Measures and Compliance 
 
To be updated once the document is more fully developed.  
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Project Roadmap 
 

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits / assigns a drafting team (DT) March 12, 2014 

5. DT announced / notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC Changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20144 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards 
Development Procedures 

December 23, 2014 

                                                 
4 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting of responses.  The WSC agreed that a quality response was preferable to a timely response.  
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17. Posting 3 Closed  January 19, 20155 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

26. Posting 5 Responses Posted  

27.  Ballot Pool open  

28. Ballot Pool closed  

29.  Joint Session noticed  

30. Joint Session  

31.  Ballot open  

32.  Ballot closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

34. Posted for 30 days prior to WECC Board meeting  

35.  Board meets to approve  

                                                 
5 This document was posted for a 30-day public comment period from December 12, 2014 through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match text 
in the posted document.   
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36. Sent to NERC  
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Version History   
 

Version Date Action Change 
Tracking 

0.1 April 23, 2004 WECC Effective Date: VAR-502-
WECC-0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-
WECC-1  

 

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3   This document is 
designed to 
replace / retire: 
VAR-502-
WECC-RBP-0.1, 
WECC Power 
System Stabilizer 
Design and 
Performance and 
to replace  VAR-
501-WECC-1, 
Power System 
Stabilizer with a 
“Version 2” 
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Implementation Plan 
 
VAR-501-WECC-2, Power System Stabilizers (PSS)  
 
Standards Authorization Request 
 
WECC-0107 VAR-501-WECC-2 Power System Stabilizer Standards Authorization 
Request For those entities meeting the current WECC tuning criteria, implementation of the 
standard should not be a concern.  Should an entity need to make changes to its PSS, concerns 
have been raised that there are a limited number of qualified personnel to perform those changes. 
To meet this concern, the team notes that Requirement R5 (as currently numbered on February 
17, 2015) allows for up to 24 months to repair or replace a PSS.  The Effective Date has been 
adjusted to reflect an approximate 24 month implementation date in parallel to Requirement R5.  
 
Approvals Required 
 
VAR-501-WECC-2, Power System Stabilizers (PSS)  
 
Prerequisite Approvals 
 

• WECC Ballot Pool      
• WECC Standards Committee     
• WECC Board of Directors     
• NERC Board of Trustees     
• Federal Energy Regulatory Commission and other regulatory authorities    

 
Applicable Entities 
 
Generator Operator 
Generator Owner 
 
Conforming Changes to Other Standards 
 
None required. 
 
Effective Date    
 
6. Effective Date: The first day of the first quarter following regulatory approval, 

except for Requirement R3. 
 

For units placed in first-time service after regulatory approval, 
Requirement R3 is effective the first day of the first quarter 
following final regulatory approval. 
 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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For units placed in service prior to final regulatory approval, 
Requirement R3 is effective the first day of the first quarter that is 
five years after regulatory approval.  
  

 
Justification 
 
The document has a standardized effective date with the exception of Requirement R3.  
 
The Effective Date recognizes that the reliability-related tasks included in Requirement R3 are a 
change from existing tuning parameters and could impose an entity-specific burden that is 
moderate to severe, depending on the existing practices of each entity.  The tiered 
implementation of the Requirement R3 ameliorates the burden. 
 
For units placed into first-time service after regulatory approval, those units will require initial 
testing, tuning, and set-up. As such, immediate compliance with Requirement R3 for new units 
should impose no additional undue burden, while still enhancing reliability in the earlier years of 
this standard’s implementation.   
 
For units already in service prior to regulatory approval and tuned to existing tuning parameters, 
many of these units are currently and adequately tuned to pre-Requirement R3 parameters and 
need not be immediately revisited.  The five-year applicability date for those units already in 
service lessens the burden while targeting a uniform tuning across the Interconnection at a date 
certain.         
 
Consideration of Early Compliance 
 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Retirements 
 
This document will replace VAR-501-WECC-1, Power System Stabilizer.  
 
 

Definitions of Terms Used in Criterion 
 

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

 
There are no new definitions proposed.   
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A.  IInnttrroodduuccttiioonn  

1. Title: Power System Stabilizers (PSS) 
 

2. Number: VAR-501-WECC-3  
 

3. Purpose: To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions, by establishing the 
performance criteria for WECC power system stabilizers 

 
4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

 

5. Facilities: This standard applies to synchronous generators meeting the 
definition of Commercial Operation.  

 
6. Effective Date: The first day of the first quarter following final regulatory 

approval, except for Requirement R3 that becomes effective on the 
first day of the eighth quarter following regulatory approval. . 

 
For units placed in first-time service after regulatory approval, 
Requirement R3 is effective the first day of the first quarter 
following final regulatory approval. 
 
For units placed in service prior to final regulatory approval, 
Requirement R3 is effective the first day of the first quarter that is 
five years after regulatory approval.   

 
B. Requirements and Measures 

R1. Each Generator OperatorOwner shall provide to its Transmission Operator, 
within 180 days of the PSS’s Commercial Operation date or any changes to the 
PSS operating specifications, the Generator Operator’sOwner’s written operating 
procedure or other document(s) describing those known circumstances during 
which the Generator Operator’sOwner’s PSS will not be providing an active 
signal to the Automatic Voltage Regulator (AVR).  [Violation Risk Factor: Low] 
[Time Horizon: Planning Horizon] 

 
M1. Each Generator OperatorOwner will have documented evidence that it provided 

to its Transmission Operator, within the time allotted as described in the 
procedures required under Requirement R1, written operating procedures or other 
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document(s) describing those known circumstances during which the Generator 
Operator’s PSS will not be providing an active signal to the AVR. 

 
For auditing purposes, because the Requirement R1 conditions are intended to be 
unchanged unless otherwise notified, the Generator Operator need only provide 
the documentation to the Transmission Operator one time or whenever the 
operating specifications change thereafter. 

 
For auditing purposes, if a PSS is in service but is not providing an active signal 
to the AVR as described in the procedures required in Requirement R1, the 
disabled period does not count against the Requirement R2 mandate to be in 
service except as otherwise allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, 
except during any of the following: [Violation Risk Factor: Medium] [Time 
Horizon: Operating Assessment] 

 
• Component  failure; 
• Testing of a Bulk-Electric System Element affecting or affected by the PSS; 
• Maintenance; 
• As agreed upon by the Generator Operator and the Transmission Operator. 

 
M2.  Each Generator Operator will have documentation of each claimed exception 

specified in Requirement R2.  Documentation may include but is not limited to:  
 

• A written explanation covering the bulleted exception describing the 
circumstances of the exception as allowed in Requirement R2. 

• Where the exception is claimed under the last bullet of Requirement R2, the 
Generator Operator will have documented evidence that the Generator 
Operator and the Transmission Operator agreed the PSS would not be 
operating during a specified set of circumstances. 

 
For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R1.  Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 
 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Section 5) below: [Violation 
Risk Factor: Medium] [Time Horizon: Operating Assessment] 

1) PSS shall be set to provide the measured, simulated, or calculated 
compensated minimum-load VT/Vref frequency response of the excitation 
system and synchronous machine such that the phase angle will not exceed ± 
30 degrees through the frequency range from 0.2 Hertz to the lesser of 1.0 
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Hertz or the highest frequency at which the phase of the Vt/Vref frequency 
response does not exceed 90 degrees. 

2) PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3) PSS gain shall be set to between 1/3 and ½ of maximum practical gain.  
4) PSS washout time constant shall be no greater than 30 seconds. 
5) Units having an excitation system or PSS that is incapable of meeting the 

tuning requirements of Requirement R3 are exempt from Requirement R3 
until the voltage regulator is either replaced or retro-fitted such that the PSS 
becomes capable of meeting the tuning requirements.   

 
M3. Each Generator OperatorOwner will have documented evidence that its PSS was 

tuned to meet the specifications of Requirement R3. 
 
 If the exception under Requirement R3, Section 5 is claimed, the Generator 

OperatorOwner will have documented evidence describing: 1) the conditions that 
render the PSS incapable of meeting the tuning requirements, and 2) the date the 
voltage regulator was last replaced or retro-fitted. 

 
 For auditing purposes, minimum load in Requirement R3, Section 1, is the 

minimum stable load that the unit can maintain without violating environmental 
or other regulatory mandates.     

 
R4. Each Generator Owner shall install and commission on its generator a PSS, within 

180 days of either of the following events: [Violation Risk Factor: Medium] 
[Time Horizon: Operational Assessment] 

 
• The Generator Owner connects a generator to the BES, after achieving 

Commercial Operation, and after the Effective Date of this standard; (or) 
• The Generator Owner replaces the voltage regulator on its existing excitation 

system, after achieving Commercial Operation, and after the Effective Date of 
this standard for its generator that is connected to the BES. 

 
M4. Each Generator Owner will have evidence that it installed and commissioned a 

PSS on its generator, within 180 days of any of the conditions described in 
Requirement R4, whenever either event occurs after the Effective Date of this 
standard. 

 
For auditing purposes of Requirement R4, bullet one only applies to equipment on 
its initial (first energization) connection to the BES. 

 
R5. Each Generator Owner shall repair or replace a PSS, within 24 months of that 

PSS becoming incapable of meeting the tuning specifications stated in 
Requirement R3. [Violation Risk Factor: Medium] [Time Horizon: Operational 
Assessment] 
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M5. Each Generator Owner will have evidence that it repaired or replaced its PSS, 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of: 1) the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and 2) the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less than 
24 months. 
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The following sections will be updated after the substance of the Requirements is 
established.  The DT requests that comments on this section not be submitted until the 
section is complete. 

C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the Compliance Enforcement Authority. 

For entities that do not work for the Regional Entity, the Regional Entity shall serve 
as the Compliance Enforcement Authority.  

For Reliability Coordinators and other functional entities that work for their 
Regional Entity, the ERO or a Regional Entity approved by the ERO and FERC or 
other applicable governmental authorities shall serve as the Compliance 
Enforcement Authority. 

For responsible entities that are also Regional Entities, the ERO or a Regional 
Entity approved by the ERO and FERC or other applicable governmental 
authorities shall serve as the Compliance Enforcement Authority. 

1.2  Compliance Monitoring and Assessment Processes:  
Compliance Audits 

Self-Certifications 

Spot Checking 

Compliance Investigations 

Self-Reporting 

Complaints  
 

1.3  Evidence Retention  
The following evidence retention periods identify the period of time an entity is 
required to retain specific evidence to demonstrate compliance.  For instances 
where the evidence retention period specified below is shorter than the time since 
the last audit, the Compliance Enforcement Authority may ask an entity to provide 
other evidence to show that it was compliant for the full time period since the last 
audit.  
 
Each Generator Operator shall keep evidence for all Requirements of the document 
for a period of three years plus calendar current. 

 
1.4  Additional Compliance Information 
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None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA There shall be 
a Severe6 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
provide its 
PSS operating 
specifications 
to the 
Transmission 
Planner as 
required in 
Requirement 
R1.  
(Requirement 
R1 is binary.) 

R2 Operations 
Assessment 

Medium  NA NA NA There shall be 
a Severe7 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Operator fails 
to have its 
PSS in 
service, except 
where allowed 
in 
Requirement 
R2.   
(Requirement 

                                                 
6 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
7 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

R2 is binary.) 
R3 Operations 

Assessment 
Medium  Occurs when 

the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, two times 
or less during 
the audit 
period.   

Occurs when 
the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, three 
times during 
the audit 
period.   

Occurs when 
the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, four times 
during the 
audit period.   

Occurs when 
the Generator 
Owner’s PSS 
fails to meet 
any of the 
required 
performances 
in 
Requirement 
R3, five times 
or more 
during the 
audit period.   

R4 Operational 
Assessment 

Medium NA NA NA There shall be 
a Severe8 
Level of non-
compliance 
on any 
occasion that 
the Generator 
Owner is 
found to have 
failed to 
install on its 
generator a 
PSS, as 
required n 
Requirement 
R4.   

(Requirement 
R4 is binary.) 

R5 Operational 
Assessment 

Medium NA NA NA There shall be 
a Severe9 
Level of non-
compliance 
on any 

                                                 
8 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 
9 (Guidance VSL) For R1, Severe was chosen because the violation is binary. 

http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
http://www.wecc.biz/Standards/Development/WECC-0107/Documents/Guidance%20on%20Violation%20Severity%20Levels.doc
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate 
VSL High VSL Severe VSL 

occasion that 
the Generator 
Owner is 
found to have 
failed to repair 
or replace a 
non-
operational 
PSS as 
required in 
Requirement 
R5.   
(Requirement 
R5 is binary.) 
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out-of-service whenever necessary. 
 
Mandate to Install a PSS 
 
Nothing in this standard should be construed to require installation of PSSs solely because a PSS 
is not currently installed as of the Effective Date of this standard.  However, when described 
triggering events occur after the Effective Date of the standard, installation of PSS will become 
mandatory.  It should be noted that a PSS is neither transmission nor generation. 
 
Requirement R1 

Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states such as on, off, active, and 
non-active.  So long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous version 
of this standard while also allowing the Generator OperatorOwner to create a unit-specific 
operating plan.  

The intent of the Requirement R1 is to provide the Transmission Planner the PSS operating zone 
in which the PSS is, “active”, i.e., providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified MW loading level and above while others may be 
programmed to be “active” in a particular band of MW loading levels and are “non-active” only 
when passing through the “rough zone” or some other band.  A “rough zone” is a MW loading 
band in which the generator-turbine system could contribute to system instability.  

Requirement R2 

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in-
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 

Unlike the language in Requirement R5 that looks backwards to address units that were once 
operating but are no longer capable of operating (AKA: broken), Requirement R3 looks forward 
requiring that units be tuned to the specified parameters.   

The intent of Requirement R3 is to specify the tuning requirements of the PSS.  This is a 
forward-looking requirement as opposed to Requirement R5 that is a backward-looking 
requirement.  

The PSS transfer function should compensate the phase characteristics of the generator excitation 
power system (GEP) transfer function so the compensated transfer function ((PSS(s) X GEP(s))  
has a phase characteristic of +/- 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic cannot 
be directly measured during field tests (only via simulation). Thus, the Requirement recognizes 
the practical approach of measuring the frequency response between voltage reference set-point 
and terminal voltage (Et/Vref) and using the phase characteristic of such frequency response as 
being the phase characteristic of GEP(s). The phase characteristic of Et/Vref is a better 
approximation to the phase characteristic of GEP(s) when the frequency response Et/Vref is 
obtained with the generator synchronized to the grid at its minimum stable power output. 

In an effort to allow for reasonable wash-out time constants the Requirement specifies 0.2 Hz as 
the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed oscillation 
frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. The 
standard no longer defines the PSS gain in terms of gain margin but instead requires that the final 
PSS gain should be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or the raise of higher frequency oscillations in the closed loop response (exciter mode) or 
any other form if inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished. 
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Requirement R4 

Requirement R4 requires a Generator Owner to install PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems, not existing systems without PSS. The Requirement also 
allows a reasonable amount of time for commissioning of new PSS. 

Requirement R5 

Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backwards. Specifically, the language in Requirement R5 “becoming 
incapable” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working – AKA: they are now broken. 

The intent of Requirement R5 is to remove the "tiered" approach to PSS repair / replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and test 
the repaired or replaced PSS.   It is recognized that in some instances, the Automatic Voltage 
Regulator may require replacement as well as the PSS to achieve a functioning system. 

The 24 month timeframe is sufficient to return a functional, operating PSS to service.  



WECC-0107 VAR-501-WECC-2 
Power System Stabilizer Drafting Team (DT) 

Response to Comments / Posting 5 
July 7, 2015 through August 6, 2015 

WESTERN ELECTRICITY COORDINATING COUNCIL 
155 North 400 West, Suite 200 

Salt Lake City, Utah 84103-1114 

Posting #5 

The WECC-0107, VAR-501-WECC-2, Power System Stabilizer Drafting Team (DT) thanks everyone who 
submitted comments on the proposed document. 

Posting 

This document was last posted for a 30-day public comment period from July 7 through August 6, 
2015.         
 
WECC distributed the notice for the posting on July 2, 2015.  The DT asked stakeholders to provide 
feedback on the proposed document through a standardized electronic template. WECC received 
comments from three companies representing five of the eight Industry Segments, as shown in the 
WECC Standards Voting Sector Table that follows.   

Location of Comments 

All comments received on the document can be viewed in their original format on the project page 
under the “Submit and Review Comments” accordion. 

Changes in Response to Comment 

In response to comments provided by Tacoma Power, the reference to the Generator Operator in 
Measure 1 was corrected to read Generator Owner.  Additionally, numerous other formatting and style 
changes were made in response to NERC Quality Review.   

Action Plan 

Because the corrected reference is a substantive change, the document will be reposted for 30-day 
comment.  Comments will be solicited only on the proposed correction.  The document is targeted for 
comment from September 3 through October 5, 2015.  The drafting team will reconvene on October 
20, 2015 from 10:00 a.m. to 12:00 p.m. (Mountain) to address comments.   

Contacts and Appeals 

If you feel your comment has been omitted or overlooked, please contact the Manager, WECC 
Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there is a WECC Reliability 
Standards Appeals Process. 
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WECC Standards Voting Sector Table  
 
The WECC Standards Voting Sectors are: 
 
1 — Transmission Sector 
2 — Generation Sector  
3 — Marketers and Brokers Sector 
4 — Distribution Sector  
5 — System Coordination Sector 
6 — End Use Representative Sector 
7 — State and Provincial Representatives Sector 
8 — Other Non-Registered WECC Members and Participating Stakeholders Sector 
 
Commenter Organization WECC Standards Voting Sectors 
 1 2 3 4 5 6 7 8 
1 Chad Edinger Tacoma Power X X X X X    
2 Kristie Cocco Arizona Public 

Service Company 
(APS) 

X X X X X    

3 Joshua Anderson Salt River Project X X X X X    



Comment Report Form for WECC-0107  3 

W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

 

Index to Questions, Comments, and Responses 

Question 

1. The drafting team welcomes comments on all aspects of the document.   
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The drafting team welcomes comments on all aspects of the document.   

Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

Tacoma   Section M1: 

First paragraph, at the end of the paragraph, Generator Operator 
needs to change to Generator Owner to be consistent with R1. 

Second paragraph, Generator Operator needs to change to 
Generator Owner to be consistent with R1. 

The correction has been made.  

AZPS   AZPS submits the following comments to WECC-0107 Posting 5: 

AZPS appreciates the Drafting Team providing a delayed 
implementation date as a result of Requirement R3 necessitating 
changes to existing practices. While AZPS believes this delayed 
implementation date will afford entities the time needed to 
achieve compliance with this revised Requirement, we would like 
to reiterate that measuring GEP(s) at full load has been a successful 
industry practice for many years. We are also aware of an Institute 
of Electrical and Electronics Engineers (IEEE) paper that has been 
provided to the Drafting Team by Mr. Pouyan Pourbeik which 
indicates that this transfer function is relatively invariant in its 
phase response to changes in load, system configuration, etc. All 
these factors have a second order effect on the phase response of 
the transfer function. As such, we would encourage the Drafting 
Team to revise its stance on requiring measurement at no load 
which is contrary to the technical evidence. 

 

Revise Stance on Requiring Measurement at No Load 

The DT appreciates AZPS’ request to revisit the no-load issue; however, the DT continues to hold to its 
position presented in the WECC-0107, Posting 5, VAR-501-WECC-3 Power System Stabilizers, Use of 
Minimum Load for Tuning – White Paper (currently posted at the WECC-0107 project page at the Posted for 
Comment accordion) that was commissioned largely at the request of APS/AZPS. 

The no-load concept was introduced and adopted in response to lengthy comments provided by Kestrel 
Power Engineering, Posting 2, Comment 1, (referencing two IEEE documents in support) where in summary 
Kestrel argued that performing the frequency response test “with the generator at near full load is incorrect, 
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

resulting in an incorrect measurement of the required phase compensation for the PSS…This resonance 
effect also introduces error into the magnitude and phase characteristics of the measurement, which are 
eliminated when the measurement is performed at no load.” 

The DT concluded that although other approaches are possible, adoption of the no-load approach enhanced 
the tuning process. 

Salt River Project   SRP is concerned about the change in R2 for the PSS to be "in 
service while synchronized, except during any of the following:" 
the prior requirement was for the PSS to be in service "over 98% of 
the time in the quarter". SRP feels that the minor difference from 
expecting the PSS to be in service "while Synchronized" and "over 
98% of the time" does not pose a significant reliability issue. The 
98% requirement provides a little flexibility in the requirement. 
There may be times that the PSS is not in service that do not fit 
precisely in the options given. As the R2 is written it appears the 
PSS must be in service at all times when synchronized.  However, 
there may be small timing delays that may cause the PSS to not be 
"in service" every second or every cycle the generator is 
synchronized. SRP recommends retaining the language from the 
prior standard and require the PS in service over 98% of the time. 

Requirement R2: 98% vs. synchronized / Request Retention of 98% Language 

The DT appreciates SRP’s request to revisit the 98 percent issue; however, the DT continues to hold to its 
existing position.  

The DT would point SPR to its Response to Comments to WPTF in Posting 1, Issue 5, where in summary, the 
DT states that Requirements R1 and R2 as proposed “provide the generator Owner with broader, non-
exhaustive, less restrictive sets of events during which operation is not required.  The counterbalance to this 
flexibility is the requirement that the PSS be always in-service unless specifically explained.” 

See also the DT Response to Comments to PPL Montana, Posting 1, Issue 3 (and Issue 6), where in summary 
the DT states “Rather than specify a period of time during which the PSS could be out-of-service for any 
reason (the 2% of the current standard), the proposed standard shifts to a requirement that the PSS shall be 
in service at all times…except when specifically exempted.” 
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Standard Development Timeline 

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

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1. WSC approved posting for 45-day comment 

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension for posting 
responses. The WSC agreed that quality was preferable to timeliness.  
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Completed Actions Completion Date 

16. FERC approved new WECC Reliability Standards 
Development Procedures 

December 23, 2014 

17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

26. Posting 5 Responses Posted  

27. Ballot Pool open  

28. Ballot Pool closed  

29. Joint Session noticed  

30. Joint Session  

31. Ballot Open  

32. Ballot Closed  

33. WSC approves forwarding to the WECC Board of 
Directors 

 

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014, through January 12, 
2015. Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments. The window was extended because a closing date in the mandated notice did not match 
text in the posted document.  
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Completed Actions Completion Date 

34. Posted for 30 days prior to WECC Board meeting  

35. Board meets to approve  

36. Sent to NERC  
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Version History   
 

Version Date Action Change 
Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3    
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Implementation Plan 
VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Applicable Standards  

• VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 
 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 

N/A 
 
Effective Date  
Where approval by an applicable governmental authority is required, Reliability Standard VAR-
501-WECC-3, Requirements R1, R2, R4, and R5 shall become effective on the first day of the 
first calendar quarter after the effective date of the applicable governmental authority’s order 
approving the standard, or as otherwise provided for by the applicable governmental authority. 
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. For 
units placed in service prior to final regulatory approval, Requirement R3 shall become effective 
the first day of the first calendar quarter that is five years after the effective date of the 
applicable governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 
quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction. For units placed in first-time service after regulatory approval, 
Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of 
the first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, 
or as otherwise provided for in that jurisdiction. For units placed in service prior to final 
regulatory approval, Requirement R3 shall become effective the first day of the first calendar 
quarter that is five years after the standard is adopted by the NERC Board of Trustees. 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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Retirement Date 
Reliability Standard VAR-501-WECC-2 shall be retired immediately prior to the effective date of 
VAR-501-WECC-3 in the particular jurisdiction in which the revised standard is becoming 
effective. 
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Justification 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  

Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity. The tiered implementation of Requirement R3 ameliorates the burden. 
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and setup. As such, immediate compliance with Requirement R3 for new units should impose 
no additional undue burden. Many of the units already in service prior to regulatory approval 
and tuned to existing tuning parameters are currently and adequately tuned to pre-
Requirement R3 parameters and need not be immediately revisited. The five-year applicability 
date for those units already in service lessens the burden while targeting a uniform tuning 
across the Western Interconnection.  
 
Consideration of Early Compliance 
Early compliance should impose no negative impacts. Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.  
 
Definitions of Terms  
No new definitions are proposed.  
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A.  Introduction 

1. Title: Power System Stabilizers (PSS) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions by establishing the performance criteria 
for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators that meet the 
definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

For further detail, refer to the Implementation Plan.  
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 
days of the PSS’ Commercial Operation date or any changes to the PSS operating 
specifications, the Generator Owner’s written Operating Procedure or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the Automatic Voltage 
Regulator (AVR). [Violation Risk Factor: Low] [Time Horizon: Planning Horizon] 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the 
Generator Owner only needs to provide the documentation to the Transmission 
Operator one time, or whenever the operating specifications change.  

For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in Requirement R1, the disabled period does not count 
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against the Requirement R2 mandate to be in service except as otherwise 
allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2. Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R2. Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below. [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated minimum-load Vt/Vref frequency response of the excitation 
system and synchronous machine such that the phase angle will not exceed ± 30 
degrees through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or 
the highest frequency at which the phase of the Vt/Vref frequency response 
does not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5 percent of the 
synchronous machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between ⅓ and ½ of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements.  
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M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Part 3.5 is claimed, the Generator Owner 
will have documented evidence describing: 1) the conditions that render the PSS 
incapable of meeting the tuning requirements, and 2) the date the voltage 
regulator was last replaced or retrofitted. 

 For auditing purposes, minimum load in Requirement R3, Part 3.1, is the 
minimum stable load that the unit can maintain without violating environmental 
or other regulatory mandates.  

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-
up testing of a PSS on its generator within 180 days of either of the conditions 
described in Requirement R4, and when those conditions occur after the 
Effective Date of this standard. 

For auditing purposes of Requirement R4, the first bullet only applies to 
equipment on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3. Evidence may include, but is not limited to, 
documentation of the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.  

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.  

R2 Operations 
Assessment 

Medium  NA NA NA The Generator 
Operator failed to have 
its PSS in service, 
except where allowed 
in Requirement R2.  

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.  

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.  
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install a PSS on 
its generator, as 
required in 
Requirement R4.  

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.  
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Guideline and Technical Basis  
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection to provide the required system damping while still allowing for some of these 
units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
Nothing in this Reliability Standard should be construed to require installation of a PSS solely 
because one is not currently installed as of the Effective Date of this standard. However, when 
triggering events described in the Reliability Standard occur after the Effective Date of the 
standard, installation of PSSs will become mandatory pursuant to the Requirements therein. It 
should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states such as on, off, active, and 
non-active. As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates counting hours, as required in the previous version of this 
standard, while allowing the Generator Owner to create a unit-specific operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner the PSS operating zone in 
which the PSS is “active”; i.e., providing damping to the power system. Some PSSs may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band. A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSSs in 
service. In the previous version, the logged hours were totaled quarterly to meet the 98 percent 
in-service requirement. Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 
The intent of Requirement R3 is to specify the tuning requirements of the PSS. Unlike the 
language in Requirement R5 that looks backward to address units that were once operating but 
are no longer capable of operating, Requirement R3 looks forward, requiring that units be 
tuned to the specified parameters.  

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power system (Generator Excitation Power System (GEP)) transfer function so the 
compensated transfer function ((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in 
the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref), and of using the phase characteristic of that 
frequency response as the phase characteristic of GEP(s). The phase characteristic of Et/Vref is 
a better approximation to the phase characteristic of GEP(s) when the frequency response 
Et/Vref is obtained with the generator synchronized to the grid at its minimum stable power 
output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold. The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between ⅓ and ½ of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or raised higher-frequency oscillations in the closed loop response (exciter mode) or any 
other form if there is inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 
 
Requirement R4 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units. This Requirement 
applies to new excitation systems and not to existing systems that do not have PSSs. The 
Requirement also allows a reasonable amount of time for commissioning of new PSSs. 
 
Requirement R5 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically,; the language in R5, “becoming incapable,” 
indicates the unit was previously capable of meeting the tuning requirements in Requirement 
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R3, but is no longer capable. Restated, Requirement R5 addresses units that were previously 
working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure. A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written. Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS. It is recognized that in some instances, it may require (1) 
replacement of an AVR and (2) the existence of a PSS, or both the AVR and the PSS may need to 
be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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Standard Development Timeline 

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

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards 
Development Procedures. 

December 23, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension for posting 
responses.  The WSC agreed that quality was preferable to timeliness.  
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Completed Actions Completion Date 

17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

26. Posting 5 Responses Posted  

27. Ballot Pool open  

28. Ballot Pool closed  

29. Joint Session noticed  

30. Joint Session  

31. Ballot Open  

32. Ballot Closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

34. Posted for 30 days prior to WECC Board meeting  

35. Board meets to approve  

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014, through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match 
text in the posted document.   
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Completed Actions Completion Date 

36. Sent to NERC  
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Version History   
 

Version Date Action Change 
Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3    
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Implementation Plan 
VAR-501-WECC-23, Power System Stabilizers (PSSPSSs)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Approvals Required 
 
Applicable Standards  

• VAR-501-WECC-23, Power System Stabilizers (PSSPSSs)  
 
Prerequisite Approvals 
 

• WECC Ballot Pool      
• WECC Standards Committee     
• WECC Board of Directors     
• NERC Board of Trustees     
• Federal Energy Regulatory Commission and other regulatory authorities    

Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 
 
 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 
 
None required. 

N/A 
 
Effective Date    
 
6. Effective Date: The first Where approval by an applicable governmental authority 

is required, Reliability Standard VAR-501-WECC-3, Requirements 
R1, R2, R4, and R5 shall become effective on the first day of the 
first calendar quarter following regulatory approval, exceptafter 
the effective date of the applicable governmental authority’s 
order approving the standard, or as otherwise provided for 
Requirement R3. 

 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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by the applicable governmental authority.  For units placed in 
first-time service after regulatory approval, Reliability Standard 
VAR-501-WECC-3, Requirement R3 isshall become effective the 
first day of the first calendar quarter following final regulatory 
approval. 
 

after the effective date of the applicable governmental authority’s order approving the standard. 
For units placed in service prior to final regulatory approval, Requirement R3 isshall become 
effective the first day of the first calendar quarter that is five years after regulatory approval. the 
effective date of the applicable governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 
quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction.  For units placed in first-time service after regulatory approval, 
Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of the 
first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, or 
as otherwise provided for in that jurisdiction.  For units placed in service prior to final regulatory 
approval, Requirement R3 shall become effective the first day of the first calendar quarter that 
is five years after the standard is adopted by the NERC Board of Trustees. 

 
Retirement Date 
Reliability Standard VAR-501-WECC-2 shall be retired immediately prior to the effective date of 
VAR-501-WECC-3 in the particular jurisdiction in which the revised standard is becoming 
effective. 
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Justification 
 
The document has a standardized effective date With the exception of Requirement R3, VAR-
501-WECC-3 has a standardized Effective Date.  
 

TheUse of this separate Effective Date recognizesfor Requirement R3 highlights the fact that 
the reliability-related tasks included in Requirement R3 are a change from existing tuning 
parameters and could impose an entity-specific burden that is moderate to severe, depending 
on the existing practices of each entity.  The tiered implementation of the Requirement R3 
ameliorates the burden. 
 
For Units placed into first-time service after regulatory approval, those units will require initial 
testing, tuning, and set-up.  As such, immediate compliance with Requirement R3 for new units 
should impose no additional undue burden, while still enhancing reliability in the earlier years.  
Many of this standard’s implementation.   
 
Forthe units already in service prior to regulatory approval and tuned to existing tuning 
parameters, many of these units are currently and adequately tuned to pre-Requirement R3 
parameters and need not be immediately revisited.  The five-year applicability date for those 
units already in service lessens the burden while targeting a uniform tuning across the Western 
Interconnection at a date certain.         
 
Consideration of Early Compliance 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Retirements 
 
This document will replace VAR-501-WECC-1, Power System Stabilizer.  
 
 
Definitions of Terms Used in Criterion 

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

 
There are No new definitions are proposed.   
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A.  Introduction 

1. Title: Power System Stabilizers (PSSPSSs) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions, by establishing the performance 
criteria for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators meetingthat meet 
the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

For further detail, refer to the Implementation Plan.  
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 
days of the PSS’s Commercial Operation date or any changes to the PSS 
operating specifications, the Generator Owner’s written Operating Procedure or 
other document(s) describing those known circumstances during which the 
Generator Owner’s PSS will not be providing an active signal to the Automatic 
Voltage Regulator (AVR).  [Violation Risk Factor: Low] [Time Horizon: Planning 
Horizon] 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Operator’sOwner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because the Requirement R1 conditions are intended to 
be unchanged unless the Transmission Operator is otherwise notified, the 
Generator Operator needOwner only needs to provide the documentation to the 
Transmission Operator one time, or whenever the operating specifications 
change thereafter..  
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For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in the procedures required in Requirement R1, the disabled 
period does not count against the Requirement R2 mandate to be in service 
except as otherwise allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure; 

• Testing of a Bulk -Electric System Element affecting or affected by the PSS; 

• Maintenance ; 

• As agreed upon by the Generator Operator and the Transmission Operator. 

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2.  Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception describingthat 
describes the circumstances of the exception as allowed in Requirement R2. 

• Where the exception is claimed under the last bullet of Requirement R2, the 
Generator Operator will have Documented evidence that the Generator 
Operator and the Transmission Operator agreed the PSS would not be 
operating during a specified set of circumstances, where the exception is 
claimed under the last bullet of Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R1R2.  Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Section Part 3.5) below: 
[Violation Risk Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated minimum-load VT/Vref frequency response of the excitation 
system and synchronous machine such that the phase angle will not exceed ± 30 
degrees through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or 
the highest frequency at which the phase of the Vt/Vref frequency response 
does not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and ½1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 
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3.5. Units havingthat have an excitation system or PSS that is incapable of 
meeting the tuning requirements of Requirement R3 are exempt from 
Requirement R3 until the voltage regulator is either replaced or retro-
fittedretrofitted such that the PSS becomes capable of meeting the tuning 
requirements.   

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Section Part 3.5, is claimed, the 
Generator Owner will have documented evidence describing: 1) the conditions 
that render the PSS incapable of meeting the tuning requirements, and 2) the 
date the voltage regulator was last replaced or retro-fittedretrofitted. 

 For auditing purposes, minimum load in Requirement R3, Section Part 3.1, is the 
minimum stable load that the unit can maintain without violating environmental 
or other regulatory mandates.     

R4. Each Generator Owner shall install and commissioncomplete start-up testing of a 
PSS on its generator a PSS, within 180 days of either of the following events: 
[Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard; (or). 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard for its 
generator that is connected to the BES. 

M4. Each Generator Owner will have evidence that it installed and commissioned 
completed start-up testing of a PSS on its generator, within 180 days of 
anyeither of the conditions described in Requirement R4, whenever either event 
occursand when those conditions occur after the Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment 
on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS, within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS, 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of: 1) the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and 2) the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 
 
1.1 Compliance Enforcement Authority 

The Regional Entity shall serve as the 1.1 Compliance Enforcement Authority. 

For entities that do not work for NERC or the Regional Entity, the Regional Entity 
shall serveor any entity as the Compliance Enforcementotherwise designated by an 
Applicable Governmental Authority.  

For, in their respective roles of monitoring and/or enforcing compliance with 
mandatory and enforceable Reliability Coordinators and other functional entities 
that work for their Regional Entity, the ERO or a Regional Entity approved by the 
ERO and FERC or other applicable governmental authorities shall serve as the 
Compliance Enforcement Authority.Standards in their respective jurisdictions.   

For responsible entities that are also Regional Entities, the ERO or a Regional 
Entity approved by the ERO and FERC or other applicable governmental 
authorities shall serve as the Compliance Enforcement Authority. 

1.2 Compliance Monitoring and Assessment Processes:  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 



VAR-501-WECC-3 – Power System Stabilizers  

 

 
Draft #6  Posted for Comment XXXX through XXXX 
Developed as WECC-0107 Page 12 of 16 

Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  NA NA NA The Generator 
Operator failed to have 
its PSS in service, 
except where allowed 
in Requirement R2.    

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.   

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.   

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

Requirement R4.   

 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.   
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Guideline and Technical Basis  
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out -of -service whenever necessary. 
 
Mandate to Install a PSS 
Nothing in this Reliability Standard should be construed to require installation of PSSs solely 
because a PSS is not currently installed as of the Effective Date of this standard.  However, when 
described triggering events described in the Reliability Standard occur after the Effective Date of 
the standard, installation of PSSPSSs will become mandatory. pursuant to the Requirements 
therein.  It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active.  SoAs long as the PSS is operating in accordance with the documentation provided 
to the Transmission Planner, this is not considered a status change for purposes of this 
standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of the Requirement R1 is to provide the Transmission Planner the PSS operating zone 
in which the PSS is, “active”,”; i.e., providing damping to the power system. Some PSSPSSs may 
be programmed to become “active” at a specified MWmegawatt loading level and above while 
others may be programmed to be “active” in a particular band of MWmegawatt loading levels 
and are “non-active” only when passing through the “rough zone” or some other band.  A 
“rough zone” is a MWmegawatt loading band in which the generator-turbine system could 
contribute to system instability.  
 
Requirement R2 
Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSSPSSs 
in -service. In this standard’s previous version, the logged hours were totaled quarterly to meet 
the 98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 
The intent of Requirement R3 is to specify the tuning requirements of the PSS.  Unlike the 
language in Requirement R5 that looks backwardsbackward to address units that were once 
operating but are no longer capable of operating (AKA: broken),, Requirement R3 looks 
forward, requiring that units be tuned to the specified parameters.   

 

The intent of Requirement R3 is to specify the tuning requirements of the PSS.  This is a 
forward-looking requirement as opposed to Requirement R5 that is a backward-looking 
requirement.  

The PSS transfer function should compensate the phase characteristics of the generator 
excitation, exciter, and power (GEP) system (GEP) transfer function so the compensated 
transfer function ((PSS(s) X* GEP(s)) has a phase characteristic of +/-± 30 degrees in the 
frequency range.  

The GEP(s) transfer function is a theoretical transfer function, and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set -point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires that 
the final PSS gain shouldto be between 1/3 and 1/2 of the maximum practical gain that could be 
achieved during PSS commissioning. The maximum practical gain might be associated with the 
excessive noise or the raise ofraised higher-frequency oscillations in the closed loop response 
(exciter mode) or any other form if there is inadequate closed-loop performance, as 
determined during PSS commissioning. It is now part of Measure M3 to show the field test 
results that led to the determination of the maximum practical gain. 

The drafting team considers that providing damping to the local mode is for the Generator 
Owner and, in particular, for the PSS commissioning engineer to address and does not require a 
WECC standard to be accomplished. 
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Requirement R4 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems, and not to existing systems without PSS.that do not have 
PSSs. The Requirement also allows a reasonable amount of time for commissioning of new 
PSS.PSSs. 
 
Requirement R5 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backwardsbackward. Specifically, the language in Requirement R5, 
“becoming incapable”,” indicates the unit was previously capable of meeting the tuning 
requirements in Requirement R3, but is no longer capable.  Restated, Requirement R5 
addresses units that were previously working but are now no longer working – AKA: they are 
now broken. 

The intent of Requirement R5 is to remove the "“tiered"” approach to PSS repair / 
/replacement following a failure.  A simple, streamlined approach to allow the Generator 
Owner sufficient time to repair or replace a broken PSS has been written.  Consideration has 
been given for the need to procure parts or new equipment, schedule an equipment/unit 
outage, and install and test the repaired or replaced PSS.  It is recognized that in some 
instances, the Automatic Voltage Regulatorit may require (1)  replacement as well asof an AVR 
and (2) the existence of a PSS, OR both the PSSAVR and the PSS may need to be replaced to 
achieve a functioning system. 

The 24-month timeframetime frame is sufficient to return a functional, operating PSS to service.  
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WESTERN ELECTRICITY COORDINATING COUNCIL 
155 North 400 West, Suite 200 

Salt Lake City, Utah 84103-1114 

Posting #6 

The WECC-0107, VAR-501-WECC-2, Power System Stabilizer Drafting Team (DT) thanks everyone who 
submitted comments on the proposed document. 

Posting 

This document was last posted for a 30-day public comment period from September 3 through 
October 5, 2015.  

WECC distributed the notice for the posting on September 1, 2015. The DT asked stakeholders to 
provide feedback on the proposed document through a standardized electronic template. WECC 
received comments from three companies representing six of the eight Industry Segments, as shown in 
the WECC Standards Voting Sector Table that follows.  

Location of Comments 

All comments received on the document can be viewed in their original format on the project page 
under the “Submit and Review Comments” accordion. 

Changes in Response to Comment 

The DT accepted Arizona Public Service’s suggestion to delete “minimum load” from Requirement R3 
and the associated Measure.  

Action Plan 

On October 20, 2015, the DT agreed by majority vote to post the project for a 30-day comment period. 
Posting is targeted for October 22 through November 23, 2015. The DT will reconvene on December 1, 
2015 from 10:00 a.m. to 12:00 p.m. and again on December 3, 2015 from 2:00 p.m. to 4:00 p.m. 
(Mountain) to consider and respond to any comments received. 

Contacts and Appeals 

If you feel your comment has been omitted or overlooked, please contact the Manager, WECC 
Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there is a WECC Reliability 
Standards Appeals Process. 
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WECC Standards Voting Sector Table  

The WECC Standards Voting Sectors are: 

1 — Transmission Sector 
2 — Generation Sector  
3 — Marketers and Brokers Sector 
4 — Distribution Sector  
5 — System Coordination Sector 
6 — End Use Representative Sector 
7 — State and Provincial Representatives Sector 
8 — Other Non-Registered WECC Members and Participating Stakeholders Sector 
 
Commenter Organization WECC Standards Voting Sectors 
 1 2 3 4 5 6 7 8 
1 Stephanie Little  Arizona Public 

Service Company 
(APS) 

X X X X X    

2 Aaron Paulson Bonneville Power 
Administration X X X X X    

3 John Fisk TransCanada        X 
4 Joseph Wilson Tacoma Power X X X X X    
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Index to Questions, Comments, and Responses 

Question 

1. The drafting team welcomes comments on all aspects of the document.  
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The drafting team welcomes comments on all aspects of the document.  

Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

Arizona Public Service   AZPS submits the following comments to WECC-0107 Posting 6: 

AZPS suggests additional flexibility be incorporated into 
Requirement R3, Part 3.1, as the use of multiple approaches are 
possible (as noted by the DT, and provided for under Requirement 
R3, Part 3.5) and experts disagree on the utility of measuring 
GEP(s) at no load (see submitted IEEE whitepaper and Kestrel 
Power Engineering comments). Moreover, AZPS has overwhelming 
evidence from years of tests based upon field measurements that 
GEP(s) measurement at full load provides excellent damping. Thus, 
AZPS recommends Requirement R3, Part 3.1 be revised to allow for 
the use of any load for the measurement of the Vt/Vref frequency 
response or GEP(s). 

Revise R3, Part 3.1 to allow use of any load for Vt/Vref Measurement 

The DT agrees with AZPS and has removed the term “minimum load” from Requirement R3 and the 
associated measure.  

Bonneville Power 
Administration 

  Bonneville has no comments.  

The drafting team would like to thank Bonneville for its continued involvement in the standards 
development process.  

TransCanada   We have concerns with the removal of the 2% exclusion which 
would now require a self-report of a violation (high severity) for 
any non-excused period during which the PSS was not active, 
despite the de minimus impact to BES reliability.  

Removal of the 2% Percent Exclusion 

The DT disagrees with TransCanada and believes the added system visibility outweighs the minimal reporting 
burden. The DT does not believe there should be a grace period. The PSS should either be on or an 
explanation why should be offered. 

As to the severity level, the DT notes that the Violation Severity Level (VSL) is required to be “severe” 
because the task is binary. The task is either done or it is not done. That said, the VSL is always coupled with 
the Violation Risk Factor that is listed as “Violation Risk Factor: Low.” The second element of the compliance 
components mitigates the severe VSL. 
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

As to the burden, when compared to the predecessor document the design of Requirements R1 and R2 is to 
lessen the administrative burden by allowing for a single report for known conditions instead of the 
previously held requirement to track each hour and report the anomalies.   

Tacoma   1) Page 8. R1. "Each GO will have documented evidence that it 
provided to its TOP….written Operating Procedures…". Most 
modern excitation systems contain two status points. The first, PSS 
enabled/disabled, provides feedback for the control of the PSS. The 
second, PSS active/inactive, provides feedback of whether the PSS 
is providing an active signal to the AVR. An example of when the 
PSS would be enabled and inactive is online at minimum load. 
Requirement R1 creates an unnecessary compliance reporting 
burden on Generator Owners who are already equipped with a 
modern excitation system who already report the PSS 
"active/inactive" status point to the Generator Operator and 
Transmission Operator. Requirement R1 requires the Generator 
Owner to create a new document for each generating unit stating 
the circumstances during which the PSS will not be providing an 
active signal to the AVR which is unnecessary if the Generator 
Owner is already providing the active/inactive status to the 
Transmission Operator in real time. The value of this new 
compliance document is questionable since the Operators would 
already have this status available. 

2) Page 8. A. Introduction, 5. Facilities "This Standard applies to 
synchronous generators that meet the definition of Commercial 
Operation". This statement is unclear and leaves room for 
assumptions and inconsistent application of the standard. Tacoma 
Power recommends a revising the wording to "This Standard 
applies to synchronous generators connected to the BES that meet 
the definition of Commercial Operation". The change would 
provide clarity in that the threshold at which a PSS should be 
installed is defined in the standard's Introduction. The WECC Policy 
Statement on PSS currently defines the threshold at which a PSS 
should be installed. With the wording change proposed above, the 
WECC Policy Statement on PSS could be retired when the VAR-
0501-WECC-3 becomes effective, realizing a clear transfer of PSS 
threshold, although different, to the revised standard.  

The Commercial Operation is defined as a WECC Regional Term in 
the NERC Glossary of Terms Used in NERC Reliability Standards as 
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

"Achievement of this designation indicates that the Generator 
Operator and Transmission Operator of the synchronous generator 
or synchronous condenser has received all approvals necessary for 
operation after completion of initial start-up testing". 

Page 8. R1. Unnecessary Compliance Burden without Corresponding Value  

Please see response to TransCanada above.  

The drafting team believes that information provided by the generator to the Transmission Operator will 
provide a better understanding of the operations of the devices. This will enable the Transmission Operator 
to work from a more knowledgeable position. As envisioned by the drafting team, this communication will 
occur one time every 5-15 years, depending on how often significant changes are made to the PSS and/or 
AVR. Therefore, the drafting team believes the value added will outweigh the burden to the Generator 
Operator. 

Introduction / Facilities / Add “connected to the BES” 

By default, the standard only applies to the BES. The DT has added the language to the document noting its 
belief that the change is non-substantive and offered for clarity only.  
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Standard Development Timeline 

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

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards December 23, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension for posting 
responses.  The WSC agreed that quality was preferable to timeliness.  
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Completed Actions Completion Date 

Development Procedures. 

17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

26. Posting 5 Responses Posted  

27. Ballot Pool open  

28. Ballot Pool closed  

29. Joint Session noticed  

30. Joint Session  

31. Ballot Open  

32. Ballot Closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014, through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match 
text in the posted document.   
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Completed Actions Completion Date 

34. Posted for 30 days prior to WECC Board meeting  

35. Board meets to approve  

36. Sent to NERC  
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Version History   
 

Version Date Action Change 
Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3    
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Implementation Plan 
VAR-501-WECC-3, Power System Stabilizers (PSSs)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Applicable Standards  

• VAR-501-WECC-3, Power System Stabilizers (PSSs)  
 
Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 
 
 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 

N/A 
 
Effective Date    
Where approval by an applicable governmental authority is required, Reliability Standard VAR-
501-WECC-3, Requirements R1, R2, R4, and R5 shall become effective on the first day of the 
first calendar quarter after the effective date of the applicable governmental authority’s order 
approving the standard, or as otherwise provided for by the applicable governmental authority.  
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. For 
units placed in service prior to final regulatory approval, Requirement R3 shall become effective 
the first day of the first calendar quarter that is five years after the effective date of the 
applicable governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 
quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction.  For units placed in first-time service after regulatory approval, 
Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of 
the first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, 
or as otherwise provided for in that jurisdiction.  For units placed in service prior to final 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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regulatory approval, Requirement R3 shall become effective the first day of the first calendar 
quarter that is five years after the standard is adopted by the NERC Board of Trustees. 

 
Retirement Date 
Reliability Standard VAR-501-WECC-2 shall be retired immediately prior to the effective date of 
VAR-501-WECC-3 in the particular jurisdiction in which the revised standard is becoming 
effective. 
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Justification 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  

Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity.  The tiered implementation of Requirement R3 ameliorates the 
burden. 
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and set-up.  As such, immediate compliance with Requirement R3 for new units should impose 
no additional undue burden.  Many of the units already in service prior to regulatory approval 
and tuned to existing tuning parameters are currently and adequately tuned to pre-
Requirement R3 parameters and need not be immediately revisited.  The five-year applicability 
date for those units already in service lessens the burden while targeting a uniform tuning 
across the Western Interconnection.         
 
Consideration of Early Compliance 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Definitions of Terms  
No new definitions are proposed.   
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A.  Introduction 

1. Title: Power System Stabilizers (PSSs) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions by establishing the performance criteria 
for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the 
Bulk-Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

For further detail, refer to the Implementation Plan.  
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 
days of the PSS’s Commercial Operation date or any changes to the PSS 
operating specifications, the Generator Owner’s written Operating Procedure or 
other document(s) describing those known circumstances during which the 
Generator Owner’s PSS will not be providing an active signal to the Automatic 
Voltage Regulator (AVR).  [Violation Risk Factor: Low] [Time Horizon: Planning 
Horizon] 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the 
Generator Owner only needs to provide the documentation to the Transmission 
Operator one time, or whenever the operating specifications change.  
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For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in Requirement R1, the disabled period does not count 
against the Requirement R2 mandate to be in service except as otherwise 
allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2.  Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R2.  Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated  VT/Vref frequency response of the excitation system and 
synchronous machine such that the phase angle will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or the 
highest frequency at which the phase of the Vt/Vref frequency response does 
not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 
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3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements.   

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Part 3.5, is claimed, the Generator 
Owner will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the 
voltage regulator was last replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-
up testing of a PSS on its generator within 180 days of either of the conditions 
described in Requirement R4, and when those conditions occur after the 
Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment 
on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.   

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  NA NA NA The Generator 
Operator failed to have 
its PSS in service, 
except where allowed 
in Requirement R2.    

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.   

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.   

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

Requirement R4.   

 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.   
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Guideline and Technical Basis  
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
Nothing in this Reliability Standard should be construed to require installation of PSSs solely 
because a PSS is not currently installed as of the Effective Date of this standard.  However, when 
triggering events described in the Reliability Standard occur after the Effective Date of the 
standard, installation of PSSs will become mandatory pursuant to the Requirements therein.  It 
should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active.  As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner the PSS operating zone in 
which the PSS is “active”; i.e., providing damping to the power system. Some PSSs may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band.  A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSSs in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 
The intent of Requirement R3 is to specify the tuning requirements of the PSS.  Unlike the 
language in Requirement R5 that looks backward to address units that were once operating but 
are no longer capable of operating, Requirement R3 looks forward, requiring that units be 
tuned to the specified parameters.   

 

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function, and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or raised higher-frequency oscillations in the closed loop response (exciter mode) or any 
other form if there is inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 
 
Requirement R4 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems and not to existing systems that do not have PSSs. The 
Requirement also allows a reasonable amount of time for commissioning of new PSSs. 
 
Requirement R5 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
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Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS.  It is recognized that in some instances, it may require (1)  
replacement of an AVR and (2) the existence of a PSS, OR both the AVR and the PSS may need 
to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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Standard Development Timeline 

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

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards 
Development Procedures. 

December 23, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension for posting 
responses.  The WSC agreed that quality was preferable to timeliness.  
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17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

26. Posting 5 Responses Posted  

27. Ballot Pool open  

28. Ballot Pool closed  

29. Joint Session noticed  

30. Joint Session  

31. Ballot Open  

32. Ballot Closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

34. Posted for 30 days prior to WECC Board meeting  

35. Board meets to approve  

36. Sent to NERC  

 

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014, through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match 
text in the posted document.   
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Version History   
 

Version Date Action Change 
Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3    
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Implementation Plan 
VAR-501-WECC-3, Power System Stabilizers (PSSPSSs)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Applicable Standards  

• VAR-501-WECC-3, Power System Stabilizers (PSSPSSs)  
 
Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 
 
 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 

N/A 
 
Effective Date    
Where approval by an applicable governmental authority is required, Reliability Standard VAR-
501-WECC-3, Requirements R1, R2, R4, and R5 shall become effective on the first day of the first 
calendar quarter after the effective date of the applicable governmental authority’s order 
approving the standard, or as otherwise provided for by the applicable governmental authority.  
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. For 
units placed in service prior to final regulatory approval, Requirement R3 shall become effective 
the first day of the first calendar quarter that is five years after the effective date of the applicable 
governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 
quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction.  For units placed in first-time service after regulatory approval, 
Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of the 
first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, or 
as otherwise provided for in that jurisdiction.  For units placed in service prior to final regulatory 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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approval, Requirement R3 shall become effective the first day of the first calendar quarter that 
is five years after the standard is adopted by the NERC Board of Trustees. 

 
Retirement Date 
Reliability Standard VAR-501-WECC-2 shall be retired immediately prior to the effective date of 
VAR-501-WECC-3 in the particular jurisdiction in which the revised standard is becoming 
effective. 
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Justification 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  

Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity.  The tiered implementation of Requirement R3 ameliorates the 
burden. 
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and setup.set-up.  As such, immediate compliance with Requirement R3 for new units should 
impose no additional undue burden.  Many of the units already in service prior to regulatory 
approval and tuned to existing tuning parameters are currently and adequately tuned to pre-
Requirement R3 parameters and need not be immediately revisited.  The five-year applicability 
date for those units already in service lessens the burden while targeting a uniform tuning 
across the Western Interconnection.         
 
Consideration of Early Compliance 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Definitions of Terms  
No new definitions are proposed.   
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A.  Introduction 

1. Title: Power System Stabilizers (PSSPSSs) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions by establishing the performance criteria 
for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the 
Bulk-Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

For further detail, refer to the Implementation Plan.  
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 
days of the PSS’PSS’s Commercial Operation date or any changes to the PSS 
operating specifications, the Generator Owner’s written Operating Procedure or 
other document(s) describing those known circumstances during which the 
Generator Owner’s PSS will not be providing an active signal to the Automatic 
Voltage Regulator (AVR).  [Violation Risk Factor: Low] [Time Horizon: Planning 
Horizon] 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the 
Generator Owner only needs to provide the documentation to the Transmission 
Operator one time, or whenever the operating specifications change.  

For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in Requirement R1, the disabled period does not count 
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against the Requirement R2 mandate to be in service except as otherwise 
allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2.  Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R2.  Evidence need only be provided to 
prove the circumstances when the PSS was not in service. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below.: [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated minimum-load Vt VT/Vref frequency response of the excitation 
system and synchronous machine such that the phase angle will not exceed ± 30 
degrees through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or 
the highest frequency at which the phase of the Vt/Vref frequency response 
does not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5 percent% of the 
synchronous machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between ⅓1/3 and ½1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
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the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements.   

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Part 3.5, is claimed, the Generator 
Owner will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the 
voltage regulator was last replaced or retrofitted. 

 For auditing purposes, minimum load in Requirement R3, Part 3.1, is the 
minimum stable load that the unit can maintain without violating environmental 
or other regulatory mandates.  

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-
up testing of a PSS on its generator within 180 days of either of the conditions 
described in Requirement R4, and when those conditions occur after the 
Effective Date of this standard. 

For auditing purposes of Requirement R4, the first bullet one only applies to 
equipment on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.   

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 



 

 
Draft #6  Posted for Comment XXXX through XXXX 
Developed as WECC-0107 Page 11 of 15 

Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  NA NA NA The Generator 
Operator failed to have 
its PSS in service, 
except where allowed 
in Requirement R2.    

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.   

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.   

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install a PSS on 
its generator a PSS, as 
required in 
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Requirement R4.   

 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.   
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Guideline and Technical Basis  
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
Nothing in this Reliability Standard should be construed to require installation of a PSSPSSs 
solely because onea PSS is not currently installed as of the Effective Date of this standard.  
However, when triggering events described in the Reliability Standard occur after the Effective 
Date of the standard, installation of PSSs will become mandatory pursuant to the Requirements 
therein.  It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active.  As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates countingthe requirement to count hours, as required in the 
previous version of this standard, while also allowing the Generator Owner to create a unit-
specific operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner the PSS operating zone in 
which the PSS is “active”; i.e., providing damping to the power system. Some PSSs may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band.  A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSSs in 
service. In thethis standard’s previous version, the logged hours were totaled quarterly to meet 
the 98 percent% in-service requirement.  Instead of documenting the number of hours 
excluded, this Requirement simplifies the process by allowing the Generator Operator to 
communicate to the Transmission Operator the circumstances that render the PSS unavailable 
to the Transmission Operator (such as component failure, maintenance, and testing). 
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Requirement R3 
The intent of Requirement R3 is to specify the tuning requirements of the PSS.  Unlike the 
language in Requirement R5 that looks backward to address units that were once operating but 
are no longer capable of operating, Requirement R3 looks forward, requiring that units be 
tuned to the specified parameters.   

 

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power system (Generator Excitation Power System (GEP))(GEP) system transfer 
function so the compensated transfer function ((PSS(s) * GEP(s)) has a phase characteristic of ± 
30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function, and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref),) and of using the phase characteristic of 
thatsuch frequency response as being the phase characteristic of GEP(s). The phase 
characteristic of Et/Vref is a better approximation to the phase characteristic of GEP(s) when 
the frequency response Et/Vref is obtained with the generator synchronized to the grid at its 
minimum stable power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between ⅓1/3 and ½1/2 of the maximum practical gain that could be 
achieved during PSS commissioning. The maximum practical gain might be associated with the 
excessive noise or raised higher-frequency oscillations in the closed loop response (exciter 
mode) or any other form if there is inadequate closed-loop performance, as determined during 
PSS commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 
 
Requirement R4 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems and not to existing systems that do not have PSSs. The 
Requirement also allows a reasonable amount of time for commissioning of new PSSs. 
 
Requirement R5 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically,;, the language in Requirement R5, “becoming 
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incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS.  It is recognized that in some instances, it may require (1)  
replacement of an AVR and (2) the existence of a PSS, orOR both the AVR and the PSS may 
need to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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Response to Comments / Posting 7 
October 22 through November 23, 2015 

WESTERN ELECTRICITY COORDINATING COUNCIL 
155 North 400 West, Suite 200 

Salt Lake City, Utah 84103-1114 

Posting #7 

The WECC-0107, VAR-501-WECC-2, Power System Stabilizer Drafting Team (DT) thanks everyone who 
submitted comments on the proposed document. 

Posting 

This document was last posted for a 30-day public comment period from October 22 through 
November 23, 2015.   

WECC distributed the notice for the posting on October 20, 2015. The DT asked stakeholders to 
provide feedback on the proposed document through a standardized electronic template. WECC 
received comments from six companies representing five of the eight Industry Segments, as shown in 
the WECC Standards Voting Sector Table that follows.  

Location of Comments 

All comments received on the document can be viewed in their original format on the project page 
under the “Submit and Review Comments” accordion. 

Changes in Response to Comment 

Requirement R1 was redrafted to include the effective date of the standard as a triggering event. To 
Requirement R2, the following statement was added: “This Requirement only applies when the PSS is 
out of service for a period greater than 30 minutes.”   

Action Plan 

On December 3, 2015, the DT agreed by majority vote to post the project for a 30-day comment 
period. Posting is targeted for December 11, 2015 through January 11, 2016. The DT will reconvene on 
January 13, 2015 from 10:00 a.m. to 12:00 p.m. and again on January 21, 2016 from 10:00 a.m. to 
12:00 p.m. (Mountain) to consider and respond to any comments received. 

Contacts and Appeals 

If you feel your comment has been omitted or overlooked, please contact the Manager, WECC 
Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there is a WECC Reliability 
Standards Appeals Process. 
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WECC Standards Voting Sector Table  

The WECC Standards Voting Sectors are: 

1 — Transmission Sector 
2 — Generation Sector  
3 — Marketers and Brokers Sector 
4 — Distribution Sector  
5 — System Coordination Sector 
6 — End Use Representative Sector 
7 — State and Provincial Representatives Sector 
8 — Other Non-Registered WECC Members and Participating Stakeholders Sector 
 
Commenter Organization WECC Standards Voting Sectors 
 1 2 3 4 5 6 7 8 
1 Aaron Paulsen  Bonneville Power 

Administration X  X X X    

2 Stephanie Little Arizona Public 
Service Company X X X X X    

3 Leland McMillan Talen Energy        X 
4 Karen Hedlund Tacoma Power X X X X X    
5 Joshua Andersen Salt River Project X X X X X    
6 NV Energy Jeff Watkins         
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Index to Questions, Comments, and Responses 

Question 

1. The drafting team welcomes comments on all aspects of the document.  
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The drafting team welcomes comments on all aspects of the document.  

Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

BPA   BPA has no comment. 

The DT appreciates BPA’s continued involvement in the standards development process.  

APS   AZPS has no comments.  

The DT appreciates APS’s continued involvement in the standards development process.  

Talen   Talen Montana, LLC (TALN) appreciates the efforts of the drafting team 
and understands the desire to establish a requirement for Power System 
Stabilizers (PSS) that is consistent with the Automatic Voltage Regulator 
Requirement found in VAR-002, R1. However, TALN suggests that the 
drafting team consider adding the following exclusions that exist in the 
currently approved and effective version of the standard: 

R1.3. PSS exhibits instability due to abnormal system configuration. 

R1.5. Unit is generating less power than its design limit for effective PSS 
operation. 

Additionally, TALN requests that "emergency situations" be added as an 
exclusion for not having the PSS in service. 

Issue 1: Recommendation adding additional exclusion from the current version 

The DT believes the requested R1.3 exception is covered in the final bullet of Requirement R2:  

• As agreed upon by the Generator Operator and the Transmission Operator 

The DT believes the requested R1.5 exception is covered in the operating parameters covered in 
Requirement R1.  

As to inclusion of emergencies, the DT believes this is also covered under R1.3. The concern with specifically 
including “emergencies” is in defining all the parameters of what constitutes an emergency and who makes 
that decision.  

Tacoma   1)      General Comment. Tacoma does not agree with the 
continuation of a separate WECC standard to address PSSs. The 
WECC should work with the NERC to include these regional 
requirements as regional variances in the NERC VAR or other 
standards rather than creating a separate WECC regional standard. 
The creation of separate regional standards results in an additional 
burden to an entity's compliance program. NERC standards already 
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

allow for regional variances as exercised by the WECC for VAR-001-
3. 

2)      General Comment. The Generator Owner expects to see the 
WECC PSS Policy Statement retired on the date that these 
requirements becomes effective in order to prevent conflicting 
requirements and an overdue burden on the Generator Owner. 

3)      R1 requires a Generator Owner to provide PSS operating 
specifications to the Transmission Owner. R2 allows an exception 
to the Generator Operator for the PSS to be in service "as agreed 
upon by the Generator Operator and the Transmission Operator". 
There are no requirements in the standard for the Transmission 
Operator to communicate back to either the Generator Owner or 
the Generator Operator in a timely manner. Therefore, the 
Generator Owner and the Generator Operator will assume 
compliance so long as they have submitted these items to the 
Transmission Operator. If this is not the intention of the WECC 
then a requirement should be added for the Transmission 
Operator. 

4)      R1 does not require the documentation to be sent to the 
Transmission Operator at the date the standard becomes effective. 
Therefore, the Generator Owner will not supply said 
documentation to the Transmission Operator until such time as a 
unit is commissioned for commercial operation or a PSS has been 
changed. If this is not the intention of the WECC then the 
requirement should be modified. 

R4 does not require the Generator Owner to install and complete 
testing of a PSS at the date the standard becomes effective. 
Therefore, the Generator Owner will assume that a PSS is not 
required until such time as a unit is commissioned for commercial 
operation or an excitation system has been replaced. If this is not 
the intention of the WECC then the requirement should be 
modified. 

Issue 1: General Comment.  

The DT appreciates Tacoma’s continued involvement in the standards development process. The charge to 
the DT under the Standard Authorization Request (SAR) as approved by the WECC Standards Committee 
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

(WSC) is to proceed with the development of the requested documents. Tacoma is encouraged to voice its 
policy concern directly to the WSC, or in the alternative to file a SAR in the appropriate forum with its 
specific request. Should the DT receive alternate instructions from the WSC it will pursue that change of 
direction accordingly.   

Issue 2: General Comment. 

Tacoma puts forth a reasonable statement and expectation. Ownership of the WECC Policy Statement on 
Power System Stabilizers (Policy) resides with the WECC Control Work Group and is governed by the 
associated rules of the presiding Standing Committee. The DT does not have the authority to retire that 
document but encourages Tacoma to bring its concerns directly to the associated Standing Committee with a 
request for retirement.  The DT will include that recommendation in its Implementation Plan.   

Issue 3: Requirement to Communicate 

In an effort to avoid the creation of an additional administrative “Requirement” the DT concluded that the 
Measure is sufficient to meet the administrative need.  

Issue 4: No Requirement to Report at the Onset 

Requirement R1 has been redrafted as follows:  

R1. Each Generator Owner shall provide to its Transmission Operator, the Generator Owner’s written 
Operating Procedure or other document(s) describing those known circumstances during which the 
Generator Owner’s PSS will not be providing an active signal to the Automatic Voltage Regulator (AVR), 
within 180 days of any of the following events: . [Violation Risk Factor: Low] [Time Horizon: Planning Horizon] 

• The effective date of this standard;  
• The PSS’s Commercial Operation date; or 
• Any changes to the PSS operating specifications. 

Issue 5: Requirement to Test  

Requirement R4 is not intended to require any retroactive action on the part of the applicable entity. The 
Requirement is only forward-looking and only requires action if/when either of the two specified events 
occurs. The requirement was not changed.  

Salt River Project    Salt River Project (SRP) has reviewed the proposed revision to VAR-
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 

501-WECC-2 and appreciates the work that has gone forth in 
removing the discrete instances where PSS was not expected to be 
in service and allowing for the Generator Owner to give the 
operating specifications to the Transmission Operator.  

It is understood that the last bullet of R2 "As agreed upon by the 
Generator Operator and the Transmission Operator" was to allow 
for other instances that may not be specifically called out in the 
standard. However, SRP has concerns that the instance where PSS 
is out of service must be agreed to by both the GOP and TOP prior 
to the event happening. It is easily possible to inadvertently have 
PSS off when unit is shut down for maintenance. Alarms are in 
place to detect PSS not in operation after unit has reached load 
where the PSS is active but, as this standard is being proposed, 
even a few seconds operation with PSS off will place you in 
violation. SRP states that it is not a reliability concern if there is a 
lag in the PSS becoming active the instant the generator is 
synchronized. SRP recommends that there be a time allowed for 
synchronization and then activation of PSS.  

SRP recommends revising R2 to be as follows: 

R2.          Each Generator Operator shall have its PSS in service 
within 10 minutes of reaching the manufacturers recommended 
load for PSS operation except during any of the following:  

•Component failure 

•Testing of a Bulk Electric System Element affecting or affected by 
the PSS 

•Maintenance  

•As agreed upon by the Generator Operator and the Transmission 
Operator 

Issue 1: Rewrite R2. 

The drafting team agrees and has redrafted the Requirement as follows:  

R2. Each Generator Operator shall have its PSS in service while synchronized, except during any of the following: [Violation 
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Summary Consideration: See summary in the preamble of this document.  

Commenter Yes No Comment 
Risk Factor: Medium] [Time Horizon: Operating Assessment] 

• Component failure 
• Testing of a Bulk Electric System Element affecting or affected by the PSS 
• Maintenance  
• As agreed upon by the Generator Operator and the Transmission Operator 

This Requirement only applies when the PSS is out of service for a period greater than 30 minutes.   

NV Energy   R1 requires documentation be sent to the Transmission Operator 
within 180 days of the PSS' Commercial Operation date or any 
changes to the PSS operating specifications. Since the intent of the 
requirement is to provide the Transmission Operator the PSS 
operating zone in which the PSS is active to eliminate counting 
hours, PSS documentation for existing generators will be needed 
by the TO. The existing requirement doesn't seem to clearly 
identify PSS documentation for existing generators and a 
timeframe for which it should be sent to the Transmission 
Operator. 

Issue 1: Clarify R1  

Requirement R1 has been changed to address the concern. See above response to Tacoma.  
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Standard Development Timeline 

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

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards December 23, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension for posting 
responses.  The WSC agreed that quality was preferable to timeliness.  
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Completed Actions Completion Date 

Development Procedures. 

17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

23. Posting 6 Open September 3, 2015 

24.  Posting 6 Closed October 5, 2015 

25. DT meets to respond to comments October 20, 2015 

23. Posting 7 Open October 22, 2015 

24.  Posting 7 Closed November 23, 2015 

25. DT meets to respond to comments December 3, 2015 

23. Posting 8 Open December 11, 2015 

24.  Posting 8 Closed January 11, 2016 

25. DT meets to respond to comments January 13, 2016 

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014, through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match 
text in the posted document.   
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Completed Actions Completion Date 

27. Ballot Pool open  

28. Ballot Pool closed  

29. Joint Session noticed  

30. Joint Session  

31. Ballot Open  

32. Ballot Closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

34. Posted for 30 days prior to WECC Board meeting  

35. Board meets to approve  

36. Sent to NERC  
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Version History   
 

Version Date Action Change Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3    
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Implementation Plan 
VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Applicable Standards  

• VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 

• This standard is based on the WECC Policy Statement on Power System Stabilizers 
(Policy).  That document is owned by the WECC Control Work Group.  Although it is 
outside of the purview of the assigned drafting team, the drafting team is 
recommending that the assigned WECC Standing Committee initiate retirement of the 
Policy coincident with the effective date of this standard.    

 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 

N/A 
 
Effective Date    
Where approval by an applicable governmental authority is required, Reliability Standard VAR-
501-WECC-3, Requirements R1, R2, R4, and R5 shall become effective on the first day of the 
first calendar quarter after the effective date of the applicable governmental authority’s order 
approving the standard, or as otherwise provided for by the applicable governmental authority.  
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. For 
units placed in service prior to final regulatory approval, Requirement R3 shall become effective 
the first day of the first calendar quarter that is five years after the effective date of the 
applicable governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 
quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction.  For units placed in first-time service after regulatory approval, 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of 
the first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, 
or as otherwise provided for in that jurisdiction.  For units placed in service prior to final 
regulatory approval, Requirement R3 shall become effective the first day of the first calendar 
quarter that is five years after the standard is adopted by the NERC Board of Trustees. 

 
Retirement Date 
Reliability Standard VAR-501-WECC-2 shall be retired immediately prior to the effective date of 
VAR-501-WECC-3 in the particular jurisdiction in which the revised standard is becoming 
effective.  (See above comment regarding retirement of the WECC Policy Statement on Power 
System Stabilizers.)  
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Justification 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  

Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity.  The tiered implementation of Requirement R3 ameliorates the 
burden. 
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and set-up.  As such, immediate compliance with Requirement R3 for new units should impose 
no additional undue burden.  Many of the units already in service prior to regulatory approval 
and tuned to existing tuning parameters are currently and adequately tuned to pre-
Requirement R3 parameters and need not be immediately revisited.  The five-year applicability 
date for those units already in service lessens the burden while targeting a uniform tuning 
across the Western Interconnection.         
 
Consideration of Early Compliance 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Definitions of Terms  
No new definitions are proposed.   
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A.  Introduction 

1. Title: Power System Stabilizers (PSS) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions by establishing the performance criteria 
for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the 
Bulk-Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

For further detail, refer to the Implementation Plan.  
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, the Generator 
Owner’s written Operating Procedure or other document(s) describing those 
known circumstances during which the Generator Owner’s PSS will not be 
providing an active signal to the Automatic Voltage Regulator (AVR), within 180 
days of any of the following events:  [Violation Risk Factor: Low] [Time Horizon: 
Planning Horizon] 
• The effective date of this standard;  
• The PSS’s Commercial Operation date, or;  
• Any changes to the PSS operating specifications. 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the 
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Generator Owner only needs to provide the documentation to the Transmission 
Operator one time, or whenever the operating specifications change.  

For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in Requirement R1, the disabled period does not count 
against the Requirement R2 mandate to be in service except as otherwise 
allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

This Requirement only applies when the PSS is out of service for a period 
greater than 30 minutes.    

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2.  Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R2.  Evidence need only be provided to 
prove the circumstances during which the PSS was not in service for periods in 
excess of 30 minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated VT/Vref frequency response of the excitation system and 
synchronous machine such that the phase angle will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or the 
highest frequency at which the phase of the Vt/Vref frequency response does 
not exceed 90 degrees. 
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3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements.   

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Part 3.5, is claimed, the Generator 
Owner will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the 
voltage regulator was last replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-
up testing of a PSS on its generator within 180 days of either of the conditions 
described in Requirement R4, and when those conditions occur after the 
Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment 
on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and the date the PSS was returned to 
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service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.   

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  NA NA NA The Generator 
Operator failed to have 
its PSS in service, 
except where allowed 
in Requirement R2.    

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.   

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.   

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

Requirement R4.   

 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.   
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Guideline and Technical Basis  
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
Nothing in this Reliability Standard should be construed to require installation of PSS solely 
because a PSS is not currently installed as of the Effective Date of this standard.  However, when 
triggering events described in the Reliability Standard occur after the Effective Date of the 
standard, installation of PSS will become mandatory pursuant to the Requirements therein.  It 
should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active.  As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner the PSS operating zone in 
which the PSS is “active”; i.e., providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band.  A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.    
 
Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 



 

Draft #8  Posted for Comment December 11, 2015 through January 11, 2015 
Developed as WECC-0107 Page 16 of 17 

Requirement R3 
The intent of Requirement R3 is to specify the tuning requirements of the PSS.  Unlike the 
language in Requirement R5 that looks backward to address units that were once operating but 
are no longer capable of operating, Requirement R3 looks forward, requiring that units be 
tuned to the specified parameters.   

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function, and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or raised higher-frequency oscillations in the closed loop response (exciter mode) or any 
other form if there is inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 
 
Requirement R4 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems and not to existing systems that do not have PSS. The 
Requirement also allows a reasonable amount of time for commissioning of new PSS. 
 
Requirement R5 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 
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The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS.  It is recognized that in some instances, it may require (1)  
replacement of an AVR and (2) the existence of a PSS, OR both the AVR and the PSS may need 
to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  



VAR-501-WECC-3 – Power System Stabilizers  

 

 
Draft #68  Posted for Comment XXXXno later than December 11, 2015 through XXXXJanuary 11, 2016 
Developed as WECC-0107  Page 1 of 17 

 
Standard Development Timeline 

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

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards 
Development Procedures. 

December 23, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension for posting 
responses.  The WSC agreed that quality was preferable to timeliness.  
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Completed Actions Completion Date 

17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a. Revised Posting 4 Responses Posted July 2, 2015 

23. Posting 5 Open July 7, 2015 

24.  Posting 5 Closed August 6, 2015 

25. DT meets to respond to comments August 7, 2015 

23. Posting 6 Open September 3, 2015 

26.24.  Posting 5 Responses Posted6 Closed October 5, 2015 

25. DT meets to respond to comments October 20, 2015 

23. Posting 7 Open October 22, 2015 

24.  Posting 7 Closed November 23, 2015 

25. DT meets to respond to comments December 3, 2015 

23. Posting 8 Open December 11, 2015 

24.  Posting 8 Closed January 11, 2015 

25. DT meets to respond to comments January 13, 2015 

27. Ballot Pool open  

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014, through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match 
text in the posted document.   
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Completed Actions Completion Date 

28. Ballot Pool closed  

29. Joint Session noticed  

30. Joint Session  

31. Ballot Open  

32. Ballot Closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

34. Posted for 30 days prior to WECC Board meeting  

35. Board meets to approve  

36. Sent to NERC  
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Version History   
 

Version Date Action Change Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3    
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Implementation Plan 
VAR-501-WECC-3, Power System Stabilizers (PSSs)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Applicable Standards  

• VAR-501-WECC-3, Power System Stabilizers (PSSs)  
 
Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 
 

• This standard is based on the WECC Policy Statement on Power System Stabilizers 
(Policy).  That document is owned by the WECC Control Work Group.  Although it is 
outside of the purview of the assigned drafting team, the drafting team is 
recommending that the assigned WECC Standing Committee initiate retirement of the 
Policy coincident with the effective date of this standard.    

 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 

N/A 
 
Effective Date    
Where approval by an applicable governmental authority is required, Reliability Standard VAR-
501-WECC-3, Requirements R1, R2, R4, and R5 shall become effective on the first day of the first 
calendar quarter after the effective date of the applicable governmental authority’s order 
approving the standard, or as otherwise provided for by the applicable governmental authority.  
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. For 
units placed in service prior to final regulatory approval, Requirement R3 shall become effective 
the first day of the first calendar quarter that is five years after the effective date of the applicable 
governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 
quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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provided for in that jurisdiction.  For units placed in first-time service after regulatory approval, 
Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of the 
first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, or 
as otherwise provided for in that jurisdiction.  For units placed in service prior to final regulatory 
approval, Requirement R3 shall become effective the first day of the first calendar quarter that 
is five years after the standard is adopted by the NERC Board of Trustees. 

 
Retirement Date 
Reliability Standard VAR-501-WECC-2 shall be retired immediately prior to the effective date of 
VAR-501-WECC-3 in the particular jurisdiction in which the revised standard is becoming 
effective.  (See above comment regarding retirement of the WECC Policy Statement on Power 
System Stabilizers.)  
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Justification 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  

Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity.  The tiered implementation of Requirement R3 ameliorates the 
burden. 
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and set-up.  As such, immediate compliance with Requirement R3 for new units should impose 
no additional undue burden.  Many of the units already in service prior to regulatory approval 
and tuned to existing tuning parameters are currently and adequately tuned to pre-
Requirement R3 parameters and need not be immediately revisited.  The five-year applicability 
date for those units already in service lessens the burden while targeting a uniform tuning 
across the Western Interconnection.         
 
Consideration of Early Compliance 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Definitions of Terms  
No new definitions are proposed.   
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A.  Introduction 

1. Title: Power System Stabilizers (PSSs) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions by establishing the performance criteria 
for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the 
Bulk-Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

For further detail, refer to the Implementation Plan.  
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, within 180 
days of the PSS’s Commercial Operation date or any changes to the PSS 
operating specifications, the Generator Owner’s written Operating Procedure or 
other document(s) describing those known circumstances during which the 
Generator Owner’s PSS will not be providing an active signal to the Automatic 
Voltage Regulator (AVR).), within 180 days of any of the following events:  
[Violation Risk Factor: Low] [Time Horizon: Planning Horizon] 
• The effective date of this standard;  
• The PSS’s Commercial Operation date, or;  
• Any changes to the PSS operating specifications. 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the 
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Generator Owner only needs to provide the documentation to the Transmission 
Operator one time, or whenever the operating specifications change.  

For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in Requirement R1, the disabled period does not count 
against the Requirement R2 mandate to be in service except as otherwise 
allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

This Requirement only applies when the PSS is out of service for a period 
greater than 30 minutes.    

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2.  Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R2.  Evidence need only be provided to 
prove the circumstances whenduring which the PSS was not in service for 
periods in excess of 30 minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated  VT/Vref frequency response of the excitation system and 
synchronous machine such that the phase angle will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or the 
highest frequency at which the phase of the Vt/Vref frequency response does 
not exceed 90 degrees. 



VAR-501-WECC-3 – Power System Stabilizer 

Draft #7  Posted for Comment October 22 through November 23, 2015 
Developed as WECC-0107 Page 10 of 17 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements.   

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Part 3.5, is claimed, the Generator 
Owner will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the 
voltage regulator was last replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-
up testing of a PSS on its generator within 180 days of either of the conditions 
described in Requirement R4, and when those conditions occur after the 
Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment 
on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and the date the PSS was returned to 



VAR-501-WECC-3 – Power System Stabilizer 

Draft #7  Posted for Comment October 22 through November 23, 2015 
Developed as WECC-0107 Page 11 of 17 

service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.   

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  NA NA NA The Generator 
Operator failed to have 
its PSS in service, 
except where allowed 
in Requirement R2.    

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.   

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.   

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

Requirement R4.   

 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.   
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Guideline and Technical Basis  
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
Nothing in this Reliability Standard should be construed to require installation of PSSs solely 
because a PSS is not currently installed as of the Effective Date of this standard.  However, when 
triggering events described in the Reliability Standard occur after the Effective Date of the 
standard, installation of PSSs will become mandatory pursuant to the Requirements therein.  It 
should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active.  As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner the PSS operating zone in 
which the PSS is “active”; i.e., providing damping to the power system. Some PSSs may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band.  A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.    
 
Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSSs in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 
The intent of Requirement R3 is to specify the tuning requirements of the PSS.  Unlike the 
language in Requirement R5 that looks backward to address units that were once operating but 
are no longer capable of operating, Requirement R3 looks forward, requiring that units be 
tuned to the specified parameters.   

 

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function, and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 and 1/2 of the maximum practical gain that could be achieved 
during PSS commissioning. The maximum practical gain might be associated with the excessive 
noise or raised higher-frequency oscillations in the closed loop response (exciter mode) or any 
other form if there is inadequate closed-loop performance, as determined during PSS 
commissioning. It is now part of Measure M3 to show the field test results that led to the 
determination of the maximum practical gain. 
 
Requirement R4 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems and not to existing systems that do not have PSSs. The 
Requirement also allows a reasonable amount of time for commissioning of new PSSs. 
 
Requirement R5 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
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Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS.  It is recognized that in some instances, it may require (1)  
replacement of an AVR and (2) the existence of a PSS, OR both the AVR and the PSS may need 
to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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Response to Comments / Posting 8 
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WESTERN ELECTRICITY COORDINATING COUNCIL 
155 North 400 West, Suite 200 

Salt Lake City, Utah 84103-1114 

Posting #8 

The WECC-0107, VAR-501-WECC-2, Power System Stabilizer Drafting Team (DT) thanks everyone who 
submitted comments on the proposed document. 

Posting 

This document was last posted for a 30-day public comment period from December 11, 2015 through 
January 11, 2016.  The electronic portal remained open through January 22, 2016.  All comments 
received were accepted.     

WECC distributed the notice for the posting on December 4, 2015.  The DT asked stakeholders to 
provide feedback on the proposed document through a standardized electronic template. WECC 
received comments from six companies, as shown in the WECC Standards Comment Table that follows.  

Location of Comments 

All comments received on the document can be viewed in their original format on the project page 
under the “Submit and Review Comments” accordion. 

Changes in Response to Comment 

After consideration of each comment received, the drafting team opted to make no substantive 
changes to the document.  The drafting team did, however, make the following non-substantive 
changes to add clarity and readability.  

In Requirement R2, the suffix sentence has been changed to read: 

“A PSS that is out of service for less than 30 minutes does not create a violation of this 
Requirement, regardless of cause.” 

To clarify those triggering events that would require installation of a new PSS, the Rationale section 
was updated as follows:   

Mandate to Install a PSS 

Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of 
a PSS solely because a PSS is not currently installed as of the Effective Date of this RRS.  Rather, 
installation is only mandated upon the occurrence of either of the triggering events described 
in Requirement R4, Bullet 1 or Bullet 2, after the Effective Date of the RRS. 

It should be noted that a PSS is neither Transmission nor generation. 
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To clarify the focus of Requirement R3 and to show the Requirement is in harmony with the WECC-
0107 Standard Authorization Request, the Rationale section for Requirement R3 was updated as 
follows:  

“Nothing in this Regional Reliability Standard (RSS) should be construed to mandate the design 
criteria for the equipment used to produce the tuning output of the PSS.  Rather, Requirement 
R3 is intended to address the design criteria for the tuning output of the PSS.”  

Action Plan 

On February 18, 2016, the DT agreed by majority vote of those DT members present to forward the 
project to the WECC Standards Committee (WSC) with a request for ballot and associated regulatory 
disposition.  Only non-substantive changes were made to Posting 8.  Posting 9 is the document 
forwarded for disposition.  Posting 9 will be posted to the WECC-0107 Project Page and located on the 
Posted for Comment accordion.     

The WSC is scheduled to meet March 8, 2016.  

Contacts and Appeals 

If you feel your comment has been omitted or overlooked, please contact the Manager, WECC 
Standards Processes, W. Shannon Black, at sblack@wecc.biz. In addition, there is a WECC Reliability 
Standards Appeals Process. 
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WECC Standards Comment Table   

Commenter Organization 
1 W. Shannon Black WECC 
2 Stephanie Little on Behalf 

of Kristie Cocco 
Arizona Public Service Company 

3 Hillary Dobson Colorado Springs Utilities 
4 Jeremy Voll Basin Electric Power Cooperative 
5 Laura Nelson Idaho Power 
6 Chad Edinger City of Tacoma – Tacoma Power  
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Index to Questions, Comments, and Responses 
 
Question 

1. The drafting team welcomes comments on all aspects of the document.  
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The drafting team welcomes comments on all aspects of the document.  
 
Summary Consideration: See summary in the preamble of this document.  

Commenter / Comment   Response 

WECC 

The 30 Minute criterion in Requirement 
R2 needs clarification. 

Clarity is needed for Requirement R2 that 
states, "This Requirement only applies 
when the PSS is out of service for a period 
greater than 30 minutes." 

When do the 4 bullets apply?   

Is it when the PSS is out of service due to a 
component failure or maintenance that 
lasts longer than 30 minutes?  If this is 
correct, then the main Requirement (R2) 
should be rewritten to include this 
exemption language.  Or, is it when the 
bulleted occurrence(s) duration last less 
than 30 minutes? 

Triggering Events Need Clarification 

The Guidance section states, "Nothing in 
this Reliability Standard should be 
construed to require installation of PSS 
solely because a PSS is not currently 
installed as of the Effective Date of this 
standard. However, when triggering 
events described in the Reliability 
Standard occur after the Effective Date of 
the standard, installation of PSS will 
become mandatory pursuant to the 
Requirements therein." (emphasis added)  

Regarding the above-quoted language, it is 
unclear as to what those triggering events 
are and where in the standard they can be 
located.  Please specify. 

 

 

The drafting team (DT) appreciates your 
comments and has made the following changes:  

In Requirement R2, the suffix sentence has been 
changed to read:  

“A PSS that is out of service for less than 30 
minutes does not create a violation of this 
Requirement, regardless of cause.”  

 

 

 

 

 

For clarity, the drafting team has incorporated 
the following language into the Rationale 
section” 

Mandate to Install a PSS 

Nothing in this Regional Reliability Standard 
(RSS) should be construed to require 
installation of a PSS solely because a PSS is not 
currently installed as of the Effective Date of 
this RRS.  Rather, installation is only mandated 
upon the occurrence of either of the triggering 
events described in Requirement R4, Bullet 1 or 
Bullet 2, after the Effective Date of the RRS. 

It should be noted that a PSS is neither 
Transmission nor generation. 
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Summary Consideration: See summary in the preamble of this document.  

Commenter / Comment   Response 
Scope and Intent of the SAR  

The SAR calls for the establishment of 
minimum design criteria for installation of 
new PSS-related equipment. It is not clear 
if the regional standard meets this 
requirement. If the DT intended to address 
this issue in the Guideline and Technical 
Basis (perhaps on page 15), then their 
intentions should be clearly stated.  

 

 

 

 

 

 

 

 

 

 

Facilities 

The standard is not clear as to what 
facilities it applies to. Please specify. 

 

The drafting team notes that the original 
Standard Authorization Request (SAR) called for 
the establishment of “minimum design-criteria 
for installation of new PSS-related equipment.”  
However, on June 25, 2014, the WECC Standards 
Committee (WSC) changed the scope of the SAR 
such that the design specifications of the 
equipment were no longer the focus; rather, the 
focus became: 1) where a PSS was installed, it 
should be operating unless exempted, 2) should 
be tuned as specified, and 3) if not currently 
installed, should specify when installation would 
be required.  The current draft meets both the 
scope of the SAR and that call of the question.   

That said, WECC raises an important distinction. 
To meet the request for clarity, the following 
sentence replaces the introduction sentence to 
the Rationale section under the Requirement R3 
header.     

“Nothing in this Regional Reliability Standard 
(RSS) should be construed to mandate the design 
criteria for the equipment used to produce the 
tuning output of the PSS.  Rather, Requirement 
R3 is intended to address the design criteria for 
the tuning output of the PSS.” 

 

 

The DT believes the Facilities statement is 
precise, to include those facilities meeting each 
of the specified criteria:  

1) Synchronous generators;  

2) Connected to the Bulk Electric System, as 
defined in the Glossary of Terms Used in NERC 
Reliability Standards (Glossary);  

3) Meeting the definition of Commercial 
Operation, as defined in the WECC-specific 
section of the Glossary. 
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Summary Consideration: See summary in the preamble of this document.  

Commenter / Comment   Response 

Arizona Public Service Company 

AZPS has no comments. The drafting team appreciates AZPS’ continued 
involvement in the standards development 
process. 

Colorado Springs Utility 

1) Colorado Springs Utilities suggests that 
Requirement 3, part 3.3 be changed to 
include the original gain requirements or 
the new specification, i.e. that the gain be 
set to between 1/3 and 1/2 of the 
maximum practical gain or between 6 and 
10. 

 

2) Colorado Springs Utilities suggests 
clarifying Requirement 3, part 3.5 as to 
whether there is a mandatory timeline for 
the replacement or retrofitting of the 
voltage regulator or whether the 
exemption can be indefinite.  

The DT appreciates Colorado’s suggested input 
but has opted not to make that change.  Although 
the 6 and 10 gain margin is not specified in the 
Requirement in those terms, the Requirement 
does meet that same performance result but 
states the range differently. To add clarity, the 
“dB” designation was added to the Rationale 
section alongside the 1/3 and 1/2 explanation, 
under the Requirement R3 header.     

Please see the above response to WECC regarding 
triggering events.  

 

Basin Electric Power Cooperative 

With R2 whether you go 31 minutes or 31 
days you get the same violation severity. I 
would suggest that there be different 
violation severity levels depending on the 
time the PSS was not on over the 30 
minutes. 

VSLs define the degree to which compliance with 
a requirement was not achieved. Each 
requirement requires at least one VSL. While it is 
preferable to have four VSLs for each 
requirement, some requirements do not have 
multiple “degrees” of noncompliant performance 
and may have only one as is the case with a binary 
requirement.   

The objective of the requirement is to have the 
PSS “in service.” Since the required performance 
cannot be broken down into degrees of 
compliance, the Requirement is classified as a 
Pass/Fail and must be assigned a “Severe” VSL.  
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Summary Consideration: See summary in the preamble of this document.  

Commenter / Comment   Response 

Idaho Power 

Idaho Power reviewed the redlined 
standard and has no negative feedback.  
Idaho Power is in support of the revision 
to R2 that states the requirement is only 
applicable when the PSS is out of service 
for a period greater than 30 minutes.  

The drafting team appreciates Idaho Power’s 
continued involvement in the standards 
development process.  

City of Tacoma 

Tacoma Power requests clarity and 
rewording as needed for consistency on 
the effective date of R3. The two sections 
(identified below) are in contradiction as 
to when compliance to R3 needs to be 
achieved for units placed in service prior 
to final regulatory approval of this 
standard. 
 
Section A. Introduction, 6. Effective Date, 
third paragraph states “For units placed in 
service prior to final regulatory approval, 
Requirement R3 is effective the first day of 
the first quarter that is five years after 
regulatory approval” 
 
Requirement R3, 3.5 reads “Units that 
have an excitation system or PSS that is 
incapable of meeting the tuning 
requirement of Requirement R3 are 
exempt from Requirement R3 until the 
voltage regulator is either replaced or 
retrofitted such that the PSS becomes 
capable of meeting the turning 
requirements”. 

The DT does not believe there is a conflict 
between the two dates. 

The Effective Date dictates when the overall 
document is effective. 

Within the document itself, there are additional 
triggering events such as the running of the five-
year period or, in the alternative, when the 
hardware is either replaced or retrofitted. 
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Standard Development Timeline 
  

This section is maintained by the drafting team during the development of the standard and will 
be removed prior to final disposition.  
  
No substantive changes were made to Posting 8.  Only clarifying changes and a change to the 
Requirement R2 Violation Severity Level were made.  Posting 9 is not offered for comment.  
Posting 9 is offered for ballot.   
 
Project Roadmap 
 

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting responses.  The WSC agreed that quality was preferable to timeliness.  



VAR-501-WECC-3 – Power System Stabilizer 

Developed as WECC-0107 Page 2 of 16 

Completed Actions Completion Date 

15. Posting 3 Open  December 18, 2014 

16. FERC approved new WECC Reliability Standards 
Development Procedures. 

December 23, 2014 

17. Posting 3 Closed  January 19, 2015 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

23. Revised Posting 4 Responses Posted July 2, 2015 

24. Posting 5 Open July 7, 2015 

25.  Posting 5 Closed August 6, 2015 

26. DT meets to respond to comments August 7, 2015 

27. Posting 6 Open September 3, 2015 

28.  Posting 6 Closed October 5, 2015 

29. DT meets to respond to comments October 20, 2015 

30. Posting 7 Open October 22, 2015 

31.  Posting 7 Closed November 23, 2015 

32. DT meets to respond to comments December 3, 2015 

33. Posting 8 Open December 11, 2015 

34.  Posting 8 Closed January 11, 2016 

35. DT meets to respond to comments February 18, 2016 

36. WSC Approved for Ballot  March 8, 2016 
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Anticipated Actions Completion Date 

1.  Ballot Pool Open March 21, 2016 

2.  Joint Session April 7, 2016 

3.  Ballot Pool Closed April 8, 2016 

4.  Ballot Opens April 12, 2016 

5.  Ballot Closes April 28, 2016 

6.  WSC approves – Forward to WECC Board of 
Directors (Board) 

June 2016 

7.  Board approval TBD 

8.  Sent to NERC TBD 

9.  FERC action  TBD 
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Version History   
 

Version Date Action Change Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3 TBA WECC Board of Directors Approved Drafted tuning 
requirements 
from WECC Policy 
Statement on 
Power System 
Stabilizers, 
response to SAR 
WECC-0107 
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Implementation Plan 
VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Applicable Standards  

• VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 

• This standard is based on the WECC Policy Statement on Power System Stabilizers 
(Policy).  That document is owned by the WECC Control Work Group.  Although it is 
outside of the purview of the assigned drafting team, the drafting team is 
recommending that the assigned WECC Standing Committee initiate retirement of the 
Policy coincident with the effective date of this standard.    

 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 

N/A 
 
Effective Date    
 
Where approval by an applicable governmental authority is required, Reliability Standard VAR-
501-WECC-3, Requirements R1, R2, R4, and R5 shall become effective on the first day of the 
first calendar quarter after the effective date of the applicable governmental authority’s order 
approving the standard, or as otherwise provided for by the applicable governmental authority.   
 
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. For 
units placed in service prior to final regulatory approval, Requirement R3 shall become effective 
the first day of the first calendar quarter that is five years after the effective date of the 
applicable governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction.  For units placed in first-time service after regulatory approval, 
Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of 
the first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, 
or as otherwise provided for in that jurisdiction. 
 
For units placed in service prior to final regulatory approval, Requirement R3 shall become 
effective the first day of the first calendar quarter that is five years after the standard is 
adopted by the NERC Board of Trustees. 

 
Retirement Date 
 
Reliability Standard VAR-501-WECC-2 should be retired coincide with the effective date of VAR-
501-WECC-3 in the particular jurisdiction in which the revised standard is becoming effective.  
(See above comment regarding retirement of the WECC Policy Statement on Power System 
Stabilizers.)  
 
Justification 
 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  

Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity.  The tiered implementation of Requirement R3 reduces the burden by 
allowing entities to address the Requirement over a longer period of time.  
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and set-up.  As such, immediate compliance with Requirement R3 for new units should impose 
no undue burden.  Many of the units already in service are currently and adequately tuned to 
pre-Requirement R3 parameters and need not be immediately revisited.  The five-year 
applicability date for those units already in service lessens the burden while targeting a uniform 
tuning across the Western Interconnection.         
 
Consideration of Early Compliance 
 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Definitions of Terms 
  
No new definitions are proposed.   
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A.  Introduction 

1. Title: Power System Stabilizers (PSS) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions by establishing the performance criteria 
for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the 
Bulk-Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

 
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, the Generator 
Owner’s written Operating Procedure or other document(s) describing those 
known circumstances during which the Generator Owner’s PSS will not be 
providing an active signal to the Automatic Voltage Regulator (AVR), within 180 
days of any of the following events:  [Violation Risk Factor: Low] [Time Horizon: 
Planning Horizon] 
• The effective date of this standard;  
• The PSS’s Commercial Operation date, or;  
• Any changes to the PSS operating specifications. 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the 
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Generator Owner only needs to provide the documentation to the Transmission 
Operator one time, or whenever the operating specifications change.  

For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in Requirement R1, the disabled period does not count 
against the Requirement R2 mandate to be in service except as otherwise 
allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

A PSS that is out of service for less than 30 minutes does not create a violation 
of this Requirement, regardless of cause.   

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2.  Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R2.  Evidence need only be provided to 
prove the circumstances during which the PSS was not in service for periods in 
excess of 30 minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated VT/Vref frequency response of the excitation system and 
synchronous machine such that the phase angle will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or the 
highest frequency at which the phase of the Vt/Vref frequency response does 
not exceed 90 degrees. 
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3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements. 

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Part 3.5, is claimed, the Generator 
Owner will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the 
voltage regulator was last replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-
up testing of a PSS on its generator within 180 days of either of the conditions 
described in Requirement R4, and when those conditions occur after the 
Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment 
on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and the date the PSS was returned to 
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service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.   

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA 

 

NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 30 minutes 
but less than 60 
minutes. 

Each Generator 
Operator not having its 
PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 60 minutes 
but less than 120 
minutes. 

Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 120 
minutes but less than 
180 minutes. 

Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 180 
minutes. 

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.   

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.   
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
Requirement R4.   

 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.   
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection to provide the required system damping while still allowing for some of these 
units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
  
Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of 
a PSS solely because a PSS is not currently installed as of the Effective Date of this RRS.  Rather, 
installation is only mandated on the occurrence of either of the triggering events described in 
Requirement R4, Bullet 1 or Bullet 2, after the Effective Date of the RRS. 
 
It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active.  As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner the PSS operating zone in 
which the PSS is “active” providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band.  A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.    

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
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98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
 
Requirement R3 
 
Nothing in this RSS should be construed to mandate the design criteria for the equipment used 
to produce the tuning output of the PSS.  Rather, Requirement R3 is intended to address the 
design criteria for the tuning output of the PSS. 
 
Unlike the language in Requirement R5 that looks backward to address units that were once 
operating but are no longer capable of operating, Requirement R3 looks forward, requiring that 
units be tuned to the specified parameters.   

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function, and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 (10 dB) and 1/2 (6 dB) of the maximum practical gain that 
could be achieved during PSS commissioning. The maximum practical gain might be associated 
with the excessive noise or raised higher-frequency oscillations in the closed loop response 
(exciter mode) or any other form if there is inadequate closed-loop performance, as 
determined during PSS commissioning. It is now part of Measure M3 to show the field test 
results that led to the determination of the maximum practical gain. 
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Requirement R4 
 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
applies to new excitation systems and not to existing systems that do not have PSS. The 
Requirement also allows a reasonable amount of time for commissioning of new PSS. 
 
Requirement R5 
 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS.  It is recognized that in some instances, it may require (1)  
replacement of an AVR, and (2) the existence of a PSS, or both the AVR and the PSS may need 
to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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Standard Development Timeline 

  
This section is maintained by the drafting team during the development of the standard and will 
be removed when the standard becomes effective.prior to final disposition.  
  
No substantive changes were made to Posting 8.  Only clarifying changes and a change to the 
Requirement R2 Violation Severity Level were made.  Posting 9 is not offered for comment.  
Posting 9 is offered for ballot.   
 
Project Roadmap 
 

Completed Actions Completion Date 

1. SAR received February 11, 2014 

2. SAR deemed Complete/Valid/Team Site created February 11, 2014 

3. WSC approved the SAR March 12, 2014 

4. WSC solicits/assigns a drafting team (DT) March 12, 2014 

5. DT announced/notice sent to DT members March 12, 2014 

6. First DT meeting  April 8, 2014 

7. WSC changed scope of SAR to subsume VAR-501-
WECC-1.  WSC approved posting for 45-day comment.  

June 25, 2014 

8. Posting 1 Open  July 1, 2014 

9. Posting 1 Closed August 14, 2014 

10. Posting 1 Responses Posted  September 26, 2014 

11. Posting 2 Open  October 15, 2014 

12. Posting 2 Closed November 14, 2014 

13. WSC approved posting of responses and granted 
permission for the late posting. 

December 3, 2014 

14. Posting 2 Responses Posted  December 4, 20141 

15. Posting 3 Open  December 18, 2014 

                                                 
1 On December 3, 2014, the WECC Standards Committee (WSC) granted the drafting team an extension of time for 
posting responses.  The WSC agreed that quality was preferable to timeliness.  
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Completed Actions Completion Date 

16. FERC approved new WECC Reliability Standards 
Development Procedures. 

December 23, 2014 

17. Posting 3 Closed  January 19, 20152 

18. Posting 3 Responses Posted  February 2, 2015  

19. Posting 4 Open April 17, 2015 

20. Posting 4 Closed May 19, 2015 

21. DT meets to respond to comments May 28, 2015 

22. Posting 4 Responses Posted June 12, 2015 

22.a23. Revised Posting 4 Responses Posted July 2, 2015 

2324. Posting 5 Open July 7, 2015 

2425.  Posting 5 Closed August 6, 2015 

2526. DT meets to respond to comments August 7, 2015 

2327. Posting 6 Open September 3, 2015 

2428.  Posting 6 Closed October 5, 2015 

2529. DT meets to respond to comments October 20, 2015 

2330. Posting 7 Open October 22, 2015 

2431.  Posting 7 Closed November 23, 2015 

2532. DT meets to respond to comments December 3, 2015 

2333. Posting 8 Open December 11, 2015 

2434.  Posting 8 Closed January 11, 2016 

2535. DT meets to respond to comments January 13February 18, 2016 

                                                 
2 This document was posted for a 30-day public comment period from December 12, 2014, through January 12, 
2015.  Late comments were received until January 20, 2015, 10:00 a.m. (Mountain) when the drafting team met to 
respond to comments.  The window was extended because a closing date in the mandated notice did not match 
text in the posted document.   
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Completed Actions Completion Date 

27. 36. WSC Approved for Ballot Pool open March 8, 2016 

28. Ballot Pool closed  

29. Joint Session noticed  

30. Joint Session  

31. Ballot Open  

32. Ballot Closed  

33. WSC approves forwarding to the WECC Board of 
 Directors 

 

34. Posted for 30 days prior to WECC Board meeting  

35. Board meets to approve  

36. Sent to NERC  

 
 

Anticipated Actions Completion Date 

1. Joint Session  

2.  Ballot Pool Open  

3.  Ballot Pool Closed  

4.  Ballot Opens  

5.  Ballot Closes  

6.  WSC approves – Forward to WECC Board of 
Directors (Board) 

 

7.  Board approval  

8.  Sent to NERC  

9.  FERC action   

Formatted:  No bullets or numbering, Tab stops: Not at 
0.26" +  0.5"
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Version History   
 

Version Date Action Change Tracking 

0 April 23, 2004 WECC Effective Date: VAR-502-WECC-
0.1 

 

1 July 1, 2011 FERC Effective Date: VAR-501-WECC-1   

2 May 28, 2014 WECC Ballot Body Approved  Paragraph 81 
clean-up 

3 TBA WECC Board of Directors Approved Drafted tuning 
requirements 
from WECC Policy 
Statement on 
Power System 
Stabilizers, 
response to SAR 
WECC-0107 
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Implementation Plan 
VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Standards Authorization Request 
WECC-0107 VAR-501-WECC-3 Power System Stabilizers Standards Authorization Request  
 
Applicable Standards  

• VAR-501-WECC-3, Power System Stabilizers (PSS)  
 
Requested Retirements 

• VAR-501-WECC-2, Power System Stabilizer 

• This standard is based on the WECC Policy Statement on Power System Stabilizers 
(Policy).  That document is owned by the WECC Control Work Group.  Although it is 
outside of the purview of the assigned drafting team, the drafting team is 
recommending that the assigned WECC Standing Committee initiate retirement of the 
Policy coincident with the effective date of this standard.    

 
Applicable Entities 

• Generator Operator 

• Generator Owner 
 
Conforming Changes to Other Standards 

N/A 
 
Effective Date    
 
Where approval by an applicable governmental authority is required, Reliability Standard VAR-
501-WECC-3, Requirements R1, R2, R4, and R5 shall become effective on the first day of the first 
calendar quarter after the effective date of the applicable governmental authority’s order 
approving the standard, or as otherwise provided for by the applicable governmental authority.   
 
For units placed in first-time service after regulatory approval, Reliability Standard VAR-501-
WECC-3, Requirement R3 shall become effective the first day of the first calendar quarter after 
the effective date of the applicable governmental authority’s order approving the standard. For 
units placed in service prior to final regulatory approval, Requirement R3 shall become effective 
the first day of the first calendar quarter that is five years after the effective date of the applicable 
governmental authority’s order approving the standard. 
 
Where approval by an applicable governmental authority is not required, VAR-501-WECC-3, 
Requirements R1, R2, R4, and R5 shall become effective on the first day of the first calendar 

https://www.wecc.biz/Reliability/SAR%20Form%20WECC-0107%20PSS%20Design%20and%20Performance.pdf
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quarter after the date the standard is adopted by the NERC Board of Trustees, or as otherwise 
provided for in that jurisdiction.  For units placed in first-time service after regulatory approval, 
Reliability Standard VAR-501-WECC-3, Requirement R3 shall become effective the first day of the 
first calendar quarter after the date the standard is adopted by the NERC Board of Trustees, or 
as otherwise provided for in that jurisdiction.   
 
For units placed in service prior to final regulatory approval, Requirement R3 shall become 
effective the first day of the first calendar quarter that is five years after the standard is adopted 
by the NERC Board of Trustees. 

 
Retirement Date 
 
Reliability Standard VAR-501-WECC-2 shallshould be retired immediately prior tocoincide with 
the effective date of VAR-501-WECC-3 in the particular jurisdiction in which the revised standard 
is becoming effective.  (See above comment regarding retirement of the WECC Policy Statement 
on Power System Stabilizers.)  
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Justification 
 
With the exception of Requirement R3, VAR-501-WECC-3 has a standardized Effective Date.  

Use of this separate Effective Date for Requirement R3 highlights the fact that the reliability-
related tasks included in Requirement R3 are a change from existing tuning parameters and 
could impose an entity-specific burden that is moderate to severe, depending on the existing 
practices of each entity.  The tiered implementation of Requirement R3 ameliorates the 
burden.reduces the burden by allowing entities to address the Requirement over a longer 
period of time.  
 
Units placed into first-time service after regulatory approval will require initial testing, tuning, 
and set-up.  As such, immediate compliance with Requirement R3 for new units should impose 
no additional undue burden.  Many of the units already in service prior to regulatory approval 
and tuned to existing tuning parameters are currently and adequately tuned to pre-
Requirement R3 parameters and need not be immediately revisited.  The five-year applicability 
date for those units already in service lessens the burden while targeting a uniform tuning 
across the Western Interconnection.         
 
Consideration of Early Compliance 
 
Early compliance should impose no negative impacts.  Because many of the Requirements are 
based on existing WECC policies, many Applicable Entities within WECC will already be in 
voluntary compliance.   
 
Definitions of Terms 
  
No new definitions are proposed.   
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A.  Introduction 

1. Title: Power System Stabilizers (PSS) 

2. Number:  VAR-501-WECC-3 

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated 
manner under normal and abnormal conditions by establishing the performance criteria 
for WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the 
Bulk-Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

For further detail, refer to the Implementation Plan.  
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, the Generator 
Owner’s written Operating Procedure or other document(s) describing those 
known circumstances during which the Generator Owner’s PSS will not be 
providing an active signal to the Automatic Voltage Regulator (AVR), within 180 
days of any of the following events:  [Violation Risk Factor: Low] [Time Horizon: 
Planning Horizon] 
• The effective date of this standard;  
• The PSS’s Commercial Operation date, or;  
• Any changes to the PSS operating specifications. 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other 
document(s) describing those known circumstances during which the Generator 
Owner’s PSS will not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the 
Generator Owner only needs to provide the documentation to the Transmission 
Operator one time, or whenever the operating specifications change.  
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For auditing purposes, if a PSS is in service but is not providing an active signal to 
the AVR as described in Requirement R1, the disabled period does not count 
against the Requirement R2 mandate to be in service except as otherwise 
allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
Operating Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

This Requirement only applies when theA PSS that is out of service for a period 
greaterless than 30 minutes.  does not create a violation of this Requirement, 
regardless of cause.   

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2.  Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless 
otherwise exempted in Requirement R2.  Evidence need only be provided to 
prove the circumstances during which the PSS was not in service for periods in 
excess of 30 minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk 
Factor: Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated 
compensated VT/Vref frequency response of the excitation system and 
synchronous machine such that the phase angle will not exceed ± 30 degrees 
through the frequency range from 0.2 Hertz to the lesser of 1.0 Hertz or the 
highest frequency at which the phase of the Vt/Vref frequency response does 
not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 
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3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements.   

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

 If the exception under Requirement R3, Part 3.5, is claimed, the Generator 
Owner will have documented evidence describing: 1) the conditions that render 
the PSS incapable of meeting the tuning requirements, and 2) the date the 
voltage regulator was last replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-
up testing of a PSS on its generator within 180 days of either of the conditions 
described in Requirement R4, and when those conditions occur after the 
Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment 
on its initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement 
R3. [Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS 
within 24 months of that PSS becoming incapable of meeting the tuning 
specifications of Requirement R3.  Evidence may include, but is not limited to, 
documentation of the date the PSS became incapable of meeting the 
Requirement R3 tuning specifications, and the date the PSS was returned to 
service, demonstrating that the span of time between the two events was less 
than 24 months. 
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C. Compliance 

1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.   

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA 

 

NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.   

R2 Operations 
Assessment 

Medium  NAEach Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 30 minutes 
but less than 60 
minutes. 

NAEach Generator 
Operator not having its 
PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 60 minutes 
but less than 120 
minutes. 

NAEach Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 120 
minutes but less than 
180 minutes. 

TheEach Generator 
Operator failed to 
havenot having its PSS 
in service, except 
where allowed while 
synchronized in 
accordance with 
Requirement R2.   , for 
more than 180 
minutes. 

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.   

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

times or fewer during 
the audit period.   

period.   

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
Requirement R4.   

 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.   
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection in order to provide the required system damping while still allowing for some of 
these units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
  
Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of 
a PSS solely because a PSS is not currently installed as of the Effective Date of this standard.  
However, when RRS.  Rather, installation is only mandated on the occurrence of either of the 
triggering events described in the Reliability Standard occurRequirement R4, Bullet 1 or Bullet 2, 
after the Effective Date of the standard, installation of PSS will become mandatory pursuant to 
the Requirements therein.  RRS. 
 
It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active.  As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner the PSS operating zone in 
which the PSS is “active”; i.e.,” providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band.  A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.    
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Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
98% in-service requirement.  Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
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Requirement R3 
The intent of Requirement R3 is to specify the tuning requirements of the PSS.   
Nothing in this RSS should be construed to mandate the design criteria for the equipment used 
to produce the tuning output of the PSS.  Rather, Requirement R3 is intended to address the 
design criteria for the tuning output of the PSS. 
 
Unlike the language in Requirement R5 that looks backward to address units that were once 
operating but are no longer capable of operating, Requirement R3 looks forward, requiring that 
units be tuned to the specified parameters.   

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function, and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold.  The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 (10 dB) and 1/2 (6 dB) of the maximum practical gain that 
could be achieved during PSS commissioning. The maximum practical gain might be associated 
with the excessive noise or raised higher-frequency oscillations in the closed loop response 
(exciter mode) or any other form if there is inadequate closed-loop performance, as 
determined during PSS commissioning. It is now part of Measure M3 to show the field test 
results that led to the determination of the maximum practical gain. 
 
 
 
 
Requirement R4 
 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units.  This Requirement 
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applies to new excitation systems and not to existing systems that do not have PSS. The 
Requirement also allows a reasonable amount of time for commissioning of new PSS. 
 
Requirement R5 
 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable.  Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure.  A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written.  Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS.  It is recognized that in some instances, it may require (1)  
replacement of an AVR, and (2) the existence of a PSS, ORor both the AVR and the PSS may 
need to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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Notice of Ballot Pool Forming/Notice of Ballot 
WECC-0107 VAR-501-WECC-3 

Power System Stabilizers 

On March 8, 2016, the WECC Standards Committee (WSC) approved WECC-0107 for ballot in accordance with the 
Reliability Standards Development Procedures (Procedures). 

Documents for review are located at the WECC-0107 project page on the Posted for Comment accordion. 

Ballot results are scheduled to be presented to the WSC during the June 2016 WSC meeting.  

Overview 

In response to Standards Authorization Request WECC-0107, the Drafting Team revised tuning requirements for 
the standard based on the WECC Policy Statement on Power System Stabilizers.  WECC-0107 requires an 
applicable entity to: 1) install a PSS but only on the occurrence of specified circumstances, 2) tune its PSS to 
specified criteria, 3) have its PSS in service unless otherwise allowed, 4) repair its PSS, and 5) communicate known 
circumstances during which a PSS will not be providing an active signal. 

Ballot Participation  

If you wish to vote on this project, you must first be a member of the Ballot Body and then specifically register for 
the WECC-0107 Ballot Pool.   

You can join the Ballot Body and this specific Ballot Pool from the WECC Standards webpage by using the 
Standards Voting menu option. 

The Ballot Pool and associated ballot will be conducted per the following dates.   

Standards Briefing 

A Standards Briefing will be held on April 7, 2016, from 2:00 p.m. to 3:00 p.m. (Mountain) to discuss the project.  
An announcement including Webinar information for the Standards Briefing will be dispatched separately.      

Calendar Events 

• Ballot Pool Open:                                        March 21, 2016 
• Standards Briefing:                                     April 7, 2016 
• Ballot Pool Closed:                                      April 8, 2016  
• Ballot Open:                                                 April 12, 2016 
• Ballot Closed:                                               April 28, 2016 
• WECC Standards Committee:                    June 2016 

If you have questions, please click here or contact WECC Standards at standards@wecc.biz. 

To be removed from this WECC email distribution list, please submit your request to unsubscribe@wecc.biz. 

https://www.wecc.biz/Standards/Pages/Default.aspx
https://www.wecc.biz/Standards/Pages/Voting.aspx
https://test.wecc.biz/Standards/Pages/Standards-Under-Development.aspx
mailto:standards@wecc.biz
mailto:unsubscribe@wecc.biz
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Subject: WECC-0107 VAR-501-WECC-03 Power System Stabilizer Design and Performance Notice of Ballot Results
Date: Friday, May 13, 2016 8:51:08 AM

WECC-0107 VAR-501-WECC-3
Power System Stabilizers Design and Performance

Notice of Ballot Results
On May 2, 2016, WECC-0107 VAR-501-WECC-3, Power System Stabilizer and Design
Performance, a WECC Regional Reliability Standard (RRS), was approved by the associated
Ballot Pool with a 66% affirmative vote. A simple majority is required to approve the
project.

Ballot results and comments provided in opposition to the project can be viewed at the
Standards Voting Page on the Review Ballot Results accordion.

In accordance with the Reliability Standards Development Procedures (Procedures) the
WECC-0107 drafting team is requesting the WECC Standards Committee approve the
project for subsequent disposition by the WECC Board of Directors (Board), NERC and
FERC.

If you have questions regarding the project, please contact W. Shannon Black,
sblack@wecc.biz, (503) 307-5782.
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W. Shannon Black 
WECC Consultant 

(503) 307-5782 
sblack@wecc.biz 

WESTERN ELECTRICITY COORDINATING COUNCIL 
155 North 400 West, Suite 200 

Salt Lake City, Utah 84103-1114 

MEMO 

Date:  June 15, 2016 

To:  WECC Standards Committee (WSC) 

Subject: WECC-0107 VAR-501-WECC-3 (WECC VAR)  

  Power System Stabilizer and Design Performance 

  WECC Regional Reliability Standard Voting Record 

On May 2, 2016, the WECC VAR, a WECC Regional Reliability Standard (RRS), was approved by the 
associated Ballot Pool with a 66% affirmative vote.  A simple majority is required to approve the 
project. 

Ballot results and comments provided in opposition to the project can be viewed at the Standards 
Voting Page on the Review Ballot Results accordion1. 

In accordance with the Reliability Standards Development Procedures, the WSC and the WECC Board of 
Directors (Board) are to be provided with a voting record for consideration as part of the project 
approval process.  The Procedures also state that each member of the Ballot Pool casting a negative 
vote on a project is required to provide a statement explaining the reason for the negative vote.  

The following is the full voting record for the WECC VAR including any explanatory narrative that may 
have accompanied a negative vote. 

At a high level, negative votes were cast because: 

• The standard does not need revision, does not offer any greater value than its predecessor, and 
needs further clarification; entities disagree on Violation Severity Levels; the mandates are 
overly prescriptive (not needed to enhance reliability); Measure M2 requiring documentation 
from a period prior to the standard becoming effective is inappropriate; the Requirement R4 
mandate to test within a specified period could cause a violation due to scheduling issues 
without adding any reliability value/detriment; and, the proposed standard requires a Power 
System Stabilizer (PSS) on units too small to have a negative impact on reliability.  

                                                      
1 The Ballot Results Link provides explanatory narrative provided with each negative vote as required In the Reliability 
Standards Development Procedures, Step 9 – Form the Ballot Pool and Ballot the Standards.  

https://www.wecc.biz/Reliability/WECC-0107%20Posting%209%20VAR-501-WECC-3%20Power%20System%20Stabilizers%20-%20Clean%202-18-2016.doc
https://www.wecc.biz/Reliability/160502_Ballot%20Summary%20WECC-0107%20For%205-02-16.pdf
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Title Company Sector Vo
te 

Comments Created By 

WECC-
0107 

British Columbia Hydro & 
Power Authority (aka BC 
Hydro) 

Transmission Ab
sta
in 

No comments. Patricia 
Robertson 

Ballot Name: WECC-0107      

 

VAR-501-WECC-03 PSS Design and 
Performance      

Total Ballot 
Pool: 92         
Total 

Number of 
Votes: 85         

Quorum: 92.4%         
Weighted 

Vote: 66.0%         
Ballot Results The Document has Passed      

          

 
 
Voting 
Sectors 

Total In 
Ballot 
Pool 

Votes Non-
Abstain 

Sector 
Weight 

Yes 
Votes 

Weight
ed 

Segme
nt Vote 

No 
Vot
es 

Absta
in 

Total 
Votes
* for 

Quoru
m 

Didn
't 

Vote 

Distribution 17 15 1 10 66.7% 5 1 16 1 
End User 
Representative 0 0 0 0 0.0% 0 0 0 0 
Generation 23 20 1 14 70.0% 6 1 21 2 
Marketers and 
Brokers 11 10 1 6 60.0% 4 1 11 0 
Other Non-
Registered 
WECC 
Members and 
Participating 
Stakeholders 1 0 0 0 0.0% 0 0 0 1 
State and 
Provincial 
Representative
s 0 0 0 0 0.0% 0 0 0 0 
System 
Coordination 19 16 1 10 62.5% 6 2 18 1 
Transmission 21 17 1 12 70.6% 5 2 19 2 

Totals 92 78 5 52 66.0% 26 7 85 7 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Title Company Sector Vo
te 

Comments Created By 

WECC-
0107 

British Columbia Hydro & 
Power Authority (aka BC 
Hydro) 

System 
Coordination 

Ab
sta
in 

No comments. Patricia 
Robertson 

WECC-
0107 

Northern California Power 
Agency 

Generation No NCPA does not feel the 
standard needs revision. 

Marty 
Hostler 

WECC-
0107 

Arizona Public Service 
Company 

System 
Coordination 

No AZPS recommends the 
following edit to R2 for 
clarity:  “Each Generator 
Operator shall have its 
PSS in service while 
synchronized, apart from 
the exclusions detailed in 
R1, except during any of 
the following…”   
 
Also, AZPS suggests that 
the duration for a PSS 
being out of service 
without creating a 
violation be increased to 
greater than 30 minutes. 
The lack of a reliability 
impact of a generator 
operating without a PSS 
in service is evidenced by 
at least R4 of the current 
draft of the standard 
which supports the 
ability to operate 
without a PSS in service 
for up to 180 days for 
commissioning.  While 
AZPS supports the intent 
of the change to 
Requirement R2, namely 
to remove the previous 
requirement to log in 
service hours of the PSS, 
we believe the present 
period is overly narrow. 

Stephanie 
Little 
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Title Company Sector Vo
te 

Comments Created By 

WECC-
0107 

Arizona Public Service 
Company 

Distribution No AZPS recommends the 
following edit to R2 for 
clarity:  “Each Generator 
Operator shall have its 
PSS in service while 
synchronized, apart from 
the exclusions detailed in 
R1, except during any of 
the following…” 
 
Also, AZPS suggests that 
the duration for a PSS 
being out of service 
without creating a 
violation be increased to 
greater than 30 minutes. 
The lack of a reliability 
impact of a generator 
operating without a PSS 
in service is evidenced by 
at least R4 of the current 
draft of the standard 
which supports the 
ability to operate 
without a PSS in service 
for up to 180 days for 
commissioning.  While 
AZPS supports the intent 
of the change to 
Requirement R2, namely 
to remove the previous 
requirement to log in 
service hours of the PSS, 
we believe the present 
period is overly narrow. 

Michelle 
Amarantos 

WECC-
0107 

Nevada Power Company System 
Coordination 

No NV Energy does not 
believe that the drafting 
team has proposed an 
improvement upon the 
existing standard. 

Eric 
Schwarzroc
k 
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te 
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WECC-
0107 

Nevada Power Company Generation No NV Energy does not 
believe that the drafting 
team has proposed an 
improvement upon the 
existing standard. 

Eric 
Schwarzroc
k 

WECC-
0107 

Nevada Power Company Distribution No NV Energy does not 
believe that the drafting 
team has proposed an 
improvement upon the 
existing standard. 

Eric 
Schwarzroc
k 

WECC-
0107 

Nevada Power Company Transmission No NV Energy does not 
believe that the drafting 
team has proposed an 
improvement upon the 
existing standard. 

Eric 
Schwarzroc
k 

WECC-
0107 

Seattle City Light Transmission No Please see Seattle City 
Light Charles (Bud) 
Freemans comment 

Hao Li 
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Title Company Sector Vo
te 

Comments Created By 

WECC-
0107 

Arizona Public Service 
Company 

Transmission No AZPS recommends the 
following edit to R2 for 
clarity:  “Each Generator 
Operator shall have its 
PSS in service while 
synchronized, apart from 
the exclusions detailed in 
R1, except during any of 
the following…”   
 
Also, AZPS suggests that 
the duration for a PSS 
being out of service 
without creating a 
violation be increased to 
greater than 30 minutes. 
The lack of a reliability 
impact of a generator 
operating without a PSS 
in service is evidenced by 
at least R4 of the current 
draft of the standard 
which supports the 
ability to operate 
without a PSS in service 
for up to 180 days for 
commissioning.  While 
AZPS supports the intent 
of the change to 
Requirement R2, namely 
to remove the previous 
requirement to log in 
service hours of the PSS, 
we believe the present 
period is overly narrow. 

Gary Nolan 
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Title Company Sector Vo
te 
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WECC-
0107 

Arizona Public Service 
Company 

Marketers and 
Brokers 

No AZPS recommends the 
following edit to R2 for 
clarity:  “Each Generator 
Operator shall have its 
PSS in service while 
synchronized, apart from 
the exclusions detailed in 
R1, except during any of 
the following…”   
 
Also, AZPS suggests that 
the duration for a PSS 
being out of service 
without creating a 
violation be increased to 
greater than 30 minutes. 
The lack of a reliability 
impact of a generator 
operating without a PSS 
in service is evidenced by 
at least R4 of the current 
draft of the standard 
which supports the 
ability to operate 
without a PSS in service 
for up to 180 days for 
commissioning.  While 
AZPS supports the intent 
of the change to 
Requirement R2, namely 
to remove the previous 
requirement to log in-
service hours of the PSS, 
we believe the present 
period is overly narrow. 

Todd 
Komaromy 
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Title Company Sector Vo
te 

Comments Created By 

WECC-
0107 

Arizona Public Service 
Company 

Generation No AZPS recommends the 
following edit to R2 for 
clarity:  “Each Generator 
Operator shall have its 
PSS in service while 
synchronized, apart from 
the exclusions detailed in 
R1, except during any of 
the following…”   
 
Also, AZPS suggests that 
the duration for a PSS 
being out of service 
without creating a 
violation be increased to 
greater than 30 minutes. 
The lack of a reliability 
impact of a generator 
operating without a PSS 
in service is evidenced by 
at least R4 of the current 
draft of the standard 
which supports the 
ability to operate 
without a PSS in service 
for up to 180 days for 
commissioning.  While 
AZPS supports the intent 
of the change to 
Requirement R2, namely 
to remove the previous 
requirement to log in 
service hours of the PSS, 
we believe the present 
period is overly narrow. 

Jeri 
Freimuth 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

WECC-
0107 

Public Service Company of 
Colorado (Xcel Energy) 

Generation No PSCo has the following 
concerns related to the 
proposed VAR-501-
WECC-3 standard: 
  
On M3, the standard 
states that if an entity 
wishes to claim the 
exemption under Part 
3.5, that entity must 
provide documented 
evidence of the date the 
voltage regulator was 
last replaced. This will 
require documentation 
from a time prior to the 
standard going into 
effect. Requiring 
documentation from a 
period prior to the 
standard becoming 
effective is 
inappropriate. 
 
On R4, the standard 
drafting team has 
refused to modify the 
language to allow an 
entity to have plans to 
complete the start-up 
testing of PSS and 
instead has developed 
language which requires 
the test to be completed 
within 180 days of 
commercial operation or 
retrofit of its exciter 
system. Xcel Energy is 
concerned that this hard 
stop date can cause a 
violation of the standard 
due to scheduling 
problems while not 
providing any impact to 
reliability. It is noted that 
this deadline is 

David 
Lemmons 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Title Company Sector Vo
te 

Comments Created By 

regardless of whether 
the unit is online or not 
so the argument cannot 
be made that there is a 
need for the deadline. 
Finally, it is unclear how 
this requirement is 
materially different than 
MOD-026-1 
Requirement R4, other 
than the hard stop at 
180 days that the WECC 
standard is proposing. 

WECC-
0107 

Seattle City Light Distribution No “If a unit is small (less 
than 20 MVA) and does 
NOT CONNECT DIRECTLY 
to the BES transmission 
system (greater than 100 
kV), the unit will not 
have any measurable 
impact to the stability of 
the power system, and 
thus a power system 
stabilizer on such a unit 
should not be required.  
 
Please revise the 
definition of Facility 
(Introduction Section A, 
subsection 5) to take this 
into account.  
 
Thank you for your time 
and efforts in developing 
this standard. 

Dana 
Wheelock 
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Title Company Sector Vo
te 

Comments Created By 

WECC-
0107 

Seattle City Light Marketers and 
Brokers 

No If a unit is small (less 
than 20 MVA) and does 
NOT CONNECT DIRECTLY 
to the BES transmission 
system (greater than 100 
kV), the unit will not 
have any measurable 
impact to the stability of 
the power system, and 
thus a power system 
stabilizer on such a unit 
should not be required.  
 
Please revise the 
definition of Facility 
(Introduction Section A, 
subsection 5) to take this 
into account. 
 
Thank you for your time 
and efforts in developing 
this standard. 

Charles 
Freeman 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

WECC-
0107 

Public Service Company of 
Colorado  
(Xcel Energy) 

Distribution No PSCo has the following 
concerns related to the 
proposed VAR-501-
WECC-3 standard: 
 
On M3, the standard 
states that if an entity 
wishes to claim the 
exemption under Part 
3.5, that entity must 
provide documented 
evidence of the date the 
voltage regulator was 
last replaced. This will 
require documentation 
from a time prior to the 
standard going into 
effect. Requiring 
documentation from a 
period prior to the 
standard becoming 
effective is 
inappropriate. 
 
On R4, the standard 
drafting team has 
refused to modify the 
language to allow an 
entity to have plans to 
complete the start-up 
testing of PSS and 
instead has developed 
language which requires 
the test to be completed 
within 180 days of 
commercial operation or 
retrofit of its exciter 
system. Xcel Energy is 
concerned that this hard 
stop date can cause a 
violation of the standard 
due to scheduling 
problems while not 
providing any impact to 
reliability. It is noted that 
this deadline is 

Chad Nickell 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Title Company Sector Vo
te 

Comments Created By 

regardless of whether 
the unit is online or not 
so the argument cannot 
be made that there is a 
need for the deadline. 
Finally, it is unclear how 
this requirement is 
materially different than 
MOD-026-1 
Requirement R4, other 
than the hard stop at 
180 days that the WECC 
standard is proposing. 
 
For these reasons, Xcel 
Energy/Public Service 
Company of Colorado 
votes no on the 
proposed standard. 

WECC-
0107 

Seattle City Light Generation No Refer to Charles 
Freeman, Seattle City 
Light. 

Mike 
Haynes 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

WECC-
0107 

Public Service Company of 
Colorado (Xcel Energy) 

Transmission No PSCo has the following 
concerns related to the 
proposed VAR-501-
WECC-3 standard: 
 
On M3, the standard 
states that if an entity 
wishes to claim the 
exemption under Part 
3.5, that entity must 
provide documented 
evidence of the date the 
voltage regulator was 
last replaced. This will 
require documentation 
from a time prior to the 
standard going into 
effect. Requiring 
documentation from a 
period prior to the 
standard becoming 
effective is 
inappropriate. 
 
On R4, the standard 
drafting team has 
refused to modify the 
language to allow an 
entity to have plans to 
complete the start-up 
testing of PSS and 
instead has developed 
language which requires 
the test to be completed 
within 180 days of 
commercial operation or 
retrofit of its exciter 
system. Xcel Energy is 
concerned that this hard 
stop date can cause a 
violation of the standard 
due to scheduling 
problems while not 
providing any impact to 
reliability. It is noted that 
this deadline is 

Robert 
Staton 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Title Company Sector Vo
te 

Comments Created By 

regardless of whether 
the unit is online or not 
so the argument cannot 
be made that there is a 
need for the deadline. 
Finally, it is unclear how 
this requirement is 
materially different than 
MOD-026-1 
Requirement R4, other 
than the hard stop at 
180 days that the WECC 
standard is proposing. 
 
For these reasons, Xcel 
Energy/Public Service 
Company of Colorado 
votes no on the 
proposed standard. 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

WECC-
0107 

Public Service Company of 
Colorado (Xcel Energy) 

System 
Coordination 

No PSCo has the following 
concerns related to the 
proposed VAR-501-
WECC-3 standard: 
 
On M3, the standard 
states that if an entity 
wishes to claim the 
exemption under Part 
3.5, that entity must 
provide documented 
evidence of the date the 
voltage regulator was 
last replaced. This will 
require documentation 
from a time prior to the 
standard going into 
effect. Requiring 
documentation from a 
period prior to the 
standard becoming 
effective is 
inappropriate. 
 
On R4, the standard 
drafting team has 
refused to modify the 
language to allow an 
entity to have plans to 
complete the start-up 
testing of PSS and 
instead has developed 
language which requires 
the test to be completed 
within 180 days of 
commercial operation or 
retrofit of its exciter 
system. Xcel Energy is 
concerned that this hard 
stop date can cause a 
violation of the standard 
due to scheduling 
problems while not 
providing any impact to 
reliability. It is noted that 
this deadline is 

Robert 
Staton 
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Title Company Sector Vo
te 

Comments Created By 

regardless of whether 
the unit is online or not 
so the argument cannot 
be made that there is a 
need for the deadline. 
Finally, it is unclear how 
this requirement is 
materially different than 
MOD-026-1 
Requirement R4, other 
than the hard stop at 
180 days that the WECC 
standard is proposing. 
 
For these reasons, Xcel 
Energy/Public Service 
Company of Colorado 
votes no on the 
proposed standard. 

WECC-
0107 

US Bureau of Reclamation Generation Ye
s 

 
Erika Doot 

WECC-
0107 

US Bureau of Reclamation Transmission Ye
s 

 
Erika Doot 

WECC-
0107 

Pacific Gas and Electric 
Company 

Generation Ye
s 

 
Alex Chua 

WECC-
0107 

Salt River Project Generation Ye
s 

 
Kevin 
Nielsen 

WECC-
0107 

Salt River Project Marketers and 
Brokers 

Ye
s 

 
William 
Abraham 

WECC-
0107 

Tacoma Power Distribution Ye
s 

 
Chad 
Edinger 

WECC-
0107 

Idaho Power Company Transmission Ye
s 

 
Laura 
Nelson 

WECC-
0107 

Idaho Power Company Distribution Ye
s 

 
Laura 
Nelson 

WECC-
0107 

Idaho Power Company Generation Ye
s 

 
Laura 
Nelson 

WECC-
0107 

Idaho Power Company System 
Coordination 

Ye
s 

 
Laura 
Nelson 

WECC-
0107 

Black Hills Corporation Transmission Ye
s 

 
Wes 
Wingen 

WECC-
0107 

Talen Montana, LLC Generation Ye
s 

 
Leland 
McMillan 
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WECC-
0107 

Inland Empire Energy 
Center LLC 

Generation Ye
s 

 
Ben Kling 

WECC-
0107 

Platte River Power 
Authority 

System 
Coordination 

Ye
s 

 
John Collins 

WECC-
0107 

Tri-State Generation & 
Transmission (Reliability) 

System 
Coordination 

Ye
s 

 
Tracy 
Sliman 

WECC-
0107 

Tri-State Generation & 
Transmission (Reliability) 

Transmission Ye
s 

 
Tracy 
Sliman 

WECC-
0107 

Platte River Power 
Authority 

Transmission Ye
s 

 
Jeff Landis 

WECC-
0107 

Platte River Power 
Authority 

Generation Ye
s 

 
Tyson 
Archie 

WECC-
0107 

Tacoma Power Generation Ye
s 

 
Karen 
Hedlund 

WECC-
0107 

Tacoma Power Transmission Ye
s 

 
Joseph 
Wilson 

WECC-
0107 

Tacoma Power Marketers and 
Brokers 

Ye
s 

 
Todd Lloyd 

WECC-
0107 

Puget Sound Energy, Inc. Marketers and 
Brokers 

Ye
s 

 
Andrea 
Basinski 

WECC-
0107 

Sacramento Municipal 
Utility District 

System 
Coordination 

Ye
s 

 
Joe 
Tarantino 

WECC-
0107 

Sacramento Municipal 
Utility District 

Generation Ye
s 

 
Joe 
Tarantino 

WECC-
0107 

Sacramento Municipal 
Utility District 

Distribution Ye
s 

 
Joe 
Tarantino 

WECC-
0107 

Sacramento Municipal 
Utility District 

Transmission Ye
s 

 
Joe 
Tarantino 

WECC-
0107 

Sacramento Municipal 
Utility District 

Marketers and 
Brokers 

Ye
s 

 
Joe 
Tarantino 

WECC-
0107 

Balancing Authority of 
Northern California 

System 
Coordination 

Ye
s 

 
Joe 
Tarantino 

WECC-
0107 

Puget Sound Energy, Inc. System 
Coordination 

Ye
s 

 
Theresa 
Rakowsky 

WECC-
0107 

Puget Sound Energy, Inc. Distribution Ye
s 

 
Theresa 
Rakowsky 

WECC-
0107 

Puget Sound Energy, Inc. Transmission Ye
s 

 
Theresa 
Rakowsky 

WECC-
0107 

Southern California Edison 
Company (Transmission & 
Distribution) 

Distribution Ye
s 

 
Steven 
Mavis 
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WECC-
0107 

Southern California Edison 
Company (Transmission & 
Distribution) 

Transmission Ye
s 

 
Steven 
Mavis 

WECC-
0107 

Powerex, Inc. Marketers and 
Brokers 

Ye
s 

 
Gordon 
Dobson-
Mack 

WECC-
0107 

British Columbia Hydro & 
Power Authority (aka BC 
Hydro) 

Generation Ye
s 

 
Helen 
Hamilton 
Harding 

WECC-
0107 

British Columbia Hydro & 
Power Authority (aka BC 
Hydro) 

Distribution Ye
s 

 
Faramarz 
Amjadi 

WECC-
0107 

Tri-State Generation & 
Transmission (Reliability) 

Distribution 
  

Janelle Gill 

WECC-
0107 

Southern California Edison 
Company 

Generation 
  

Earle 
Saunders 

WECC-
0107 

Tacoma Power System 
Coordination 

  
Twila Hofer 

WECC-
0107 

Smart Wire Grid Other Non-
Registered 
WECC 
Members and 
Participating 
Stakeholders 

  
Chifong 
Thomas 

WECC-
0107 

Public Service Company of 
New Mexico 

Marketers and 
Brokers 

  
Laurie 
Williams 

WECC-
0107 

Public Service Company of 
New Mexico 

Transmission 
  

Laurie 
Williams 

WECC-
0107 

Public Service Company of 
New Mexico 

Distribution 
  

Laurie 
Williams 

WECC-
0107 

Public Service Company of 
New Mexico 

Generation 
  

Laurie 
Williams 

WECC-
0107 

Public Service Company of 
New Mexico 

System 
Coordination 

  
Laurie 
Williams 

WECC-
0107 

Gridforce Energy 
Management, LLC 

System 
Coordination 

  
David 
Blackshear 

WECC-
0107 

Bonneville Power 
Administration 

Transmission 
  

Donald 
Watkins 

WECC-
0107 

Bonneville Power 
Administration 

System 
Coordination 

  
Francis 
Halpin 

WECC-
0107 

Bonneville Power 
Administration 

Distribution 
  

Rebecca 
Berdahl 
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WECC-
0107 

PacifiCorp Marketers and 
Brokers 

  
Sandra 
Shaffer 

WECC-
0107 

Puget Sound Energy, Inc. Generation 
  

Lynda 
Kupfer 

WECC-
0107 

NextEra Energy Resources, 
LLC 

Generation 
  

Mark 
Mango 

WECC-
0107 

Salt River Project Transmission 
  

Steven 
Cobb 

WECC-
0107 

Colorado Springs Utilities Transmission 
  

Shawna 
Speer 

WECC-
0107 

Colorado Springs Utilities Generation 
  

Shawna 
Speer 

WECC-
0107 

Colorado Springs Utilities Distribution 
  

Shawna 
Speer 

WECC-
0107 

Colorado Springs Utilities System 
Coordination 

  
Shawna 
Speer 

WECC-
0107 

PacifiCorp Transmission 
  

Sandra 
Shaffer 

WECC-
0107 

PacifiCorp Distribution 
  

Sandra 
Shaffer 

WECC-
0107 

PacifiCorp Generation 
  

Sandra 
Shaffer 

WECC-
0107 

PacifiCorp System 
Coordination 

  
Sandra 
Shaffer 

WECC-
0107 

Avista Corporation Transmission 
  

Bryan Cox 

WECC-
0107 

Avista Corporation Distribution 
  

Bryan Cox 

WECC-
0107 

Avista Corporation Generation 
  

Bryan Cox 

WECC-
0107 

Avista Corporation System 
Coordination 

  
Bryan Cox 

WECC-
0107 

Avista Corporation Marketers and 
Brokers 

  
Scott 
Kinney 

WECC-
0107 

Seattle City Light System 
Coordination 

  
Pawel 
Krupa 

WECC-
0107 

Portland General Electric 
Company 

System 
Coordination 

  
Angela 
Gaines 

WECC-
0107 

Portland General Electric 
Company 

Marketers and 
Brokers 

  
Angela 
Gaines 

WECC-
0107 

Portland General Electric 
Company 

Transmission 
  

Angela 
Gaines 
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WECC-
0107 

Portland General Electric 
Company 

Distribution 
  

Angela 
Gaines 

WECC-
0107 

Portland General Electric 
Company 

Generation 
  

Angela 
Gaines 

 

 
 

 

 

 

 



 

Regional Reliability 
Standards Announcement 
Western Electricity Coordinating Council 
VAR-501-WECC-3 
 
Comment Period Open through January 25, 2017 
 
Now Available 
  
The Western Electricity Coordinating Council (WECC) has requested NERC to post Regional Reliability 
Standards VAR-501-WECC-3 – Power System Stabilizer for industry review and comment as 
permitted by the NERC Rules of Procedure. 
 
Commenting  
Use the electronic form to submit comments. If you experience any difficulties in using the electronic 
form, contact Mat Bunch. The form must be submitted by 8 p.m. Eastern, Wednesday, January 25, 
2017.  An unofficial Word version of the comment form is posted on the Regional Reliability 
Standards Under Development page. 
 
Regional Reliability Standards Development Process 
Section 300 of NERC’s Rules of Procedures of the Electric Reliability Organization governs the regional 
reliability standards development process. 
 
Background 
The WECC Regional Reliability Standard Drafting Team was charged to address a Standard Authorization 
Request, in which the following changes to WECC’s Power System Stabilizer (PSS) program were 
proposed: 
 

1. Update and codify WECC’s PSS program; 

2. Establish a minimum design-criteria for installation of new PSS-related equipment; 

3. Standardize tuning procedures for that equipment; and 

4. Identify those facilities to which the PSS applies,  
 

Although the technical aspects of this Regional Reliability Standard have been vetted through WECC’s 
Regional Standards development process, the final approval process for a Regional Reliability Standard 
requires NERC publicly to notice and request comment on the criteria outlined in the comment form. 
Documents and information about this project are available on the WECC’s Standards Under 
Development page. 
 
 

 

http://www.nerc.com/pa/Stand/Pages/RegionalReliabilityStandardsUnderDevelopment.aspx
https://sbs.nerc.net/
mailto:mat.bunch@nerc.net
http://www.nerc.com/pa/Stand/Pages/RegionalReliabilityStandardsUnderDevelopment.aspx
http://www.nerc.com/pa/Stand/Pages/RegionalReliabilityStandardsUnderDevelopment.aspx
http://www.nerc.com/FilingsOrders/us/RuleOfProcedureDL/NERC_ROP_Effective_20150319.pdf
https://www.wecc.biz/Reliability/WECC-0107%20PSS%20Design%20and%20Performance%20Standard%20Authorization%20Request.pdf
https://www.wecc.biz/Reliability/WECC-0107%20PSS%20Design%20and%20Performance%20Standard%20Authorization%20Request.pdf
http://www.nerc.com/pa/Stand/RegionalReliabilityStandardsUnder%20Development/Unofficial_Comment_Form_VAR-501-WECC-3.pdf
https://www.wecc.biz/Standards/Pages/WECC-0107.aspx
https://www.wecc.biz/Standards/Pages/WECC-0107.aspx


 

For more information or assistance, contact Reliability Standards Analyst, Mat Bunch (via email) or at  
(404) 446-9785. 

North American Electric Reliability Corporation 
3353 Peachtree Rd, NE 
Suite 600, North Tower 

Atlanta, GA 30326 
404-446-2560 | www.nerc.com 
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Project Name: WECC - Regional Reliability Standard | VAR-501-WECC-3 

Comment Period Start Date: 12/12/2016 

Comment Period End Date: 1/25/2017 

Associated Ballots:   
 

 

       

 

There were 5 sets of responses, including comments from approximately 5 different people from approximately 5 companies 
representing 5 of the Industry Segments as shown in the table on the following pages. 

 

 

       

  

 

 



 

   

 

Questions 

1. Do you agree the development of VAR-501-WECC-3 met the “Open” criteria as outlined above? If “No”, please explain in the comment area 
below. 

2. Do you agree the development of VAR-501-WECC-3 met the “Inclusive” criteria as outlined above? If “No”, please explain in the comment 
area below. 

3. Do you agree the development of VAR-501-WECC-3 met the “Balanced” criteria as outlined above? If “No”, please explain in the comment 
area below. 

4. Do you agree the development of VAR-501-WECC-3 met the “Due Process” criteria as outlined above? If “No”, please explain in the 
comment area below. 

5. Do you agree the development of VAR-501-WECC-3 met the “Transparent” criteria as outlined above? If “No”, please explain in the 
comment area below. 

 

 



 

 

         

Organization 
Name 

Name Segment(s) Region Group Name Group Member 
Name 

Group 
Member 

Organization 

Group 
Member 

Segment(s) 

Group Member 
Region 

Southern 
Company - 
Southern 
Company 
Services, Inc. 

Pamela Hunter 1,3,5,6 SERC Southern 
Company 

Katherine Prewitt Southern 
Company 
Services, Inc. 

1 SERC 

R. Scott Moore Alabama 
Power 
Company 

3 SERC 

William D. Shultz Southern 
Company 
Generation 

5 SERC 

Jennifer G. Sykes Southern 
Company 
Generation 
and Energy 
Marketing 

6 SERC 

 

 

   

  

 

 



 

   

 

1. Do you agree the development of VAR-501-WECC-3 met the “Open” criteria as outlined above? If “No”, please explain in the comment area 
below. 

Laura Nelson - IDACORP - Idaho Power Company - 1 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Bishnu Sapkota - GE - GE Power Systems Energy Consulting - 10 - WECC 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Richard Jackson - U.S. Bureau of Reclamation - 1,5 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Lynda Kupfer - Puget Sound Energy, Inc. - 1,3,5 

Answer Yes 

 



Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Pamela Hunter - Southern Company - Southern Company Services, Inc. - 1,3,5,6 - SERC, Group Name Southern Company 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 
 



 

 

2. Do you agree the development of VAR-501-WECC-3 met the “Inclusive” criteria as outlined above? If “No”, please explain in the comment 
area below. 

Bishnu Sapkota - GE - GE Power Systems Energy Consulting - 10 - WECC 

Answer No 

Document Name  

Comment 

We have reviewed the proposed standard VAR-501-WECC-3, Power System Stabilizers.  In general, the document looks good, however, we see a 
need for adjustment on the requirement R3 of the document.  

The requirement R3 states that the final PSS gain should be between 1/3 (10 dB) to 1/2 (6 dB) of the maximum practical gain that could be achieved 
during PSS commissioning.  The maximum practical gain may also be associated with the interactions of the PSS with low-order torsional modes of the 
turbine-generator unit which may or may not be evaluated during the PSS commissioning test.  Accordingly, the PSS gain may need to be kept lower 
than 1/3 of the maximum practical gain that can be proved during the testing.  The reason for this recommendation is to avoid any potential detrimental 
issues associated with the above-mentioned torsional interactions.  So, we would recommend to make adjustment in the statement as follows: 

  

The final PSS gain should not be greater than 1/3 of the maximum practical gain. 

Likes     0  

Dislikes     0  

Response 

 

Pamela Hunter - Southern Company - Southern Company Services, Inc. - 1,3,5,6 - SERC, Group Name Southern Company 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Lynda Kupfer - Puget Sound Energy, Inc. - 1,3,5 

Answer Yes 

Document Name  

Comment 

 



 

Likes     0  

Dislikes     0  

Response 

 

Richard Jackson - U.S. Bureau of Reclamation - 1,5 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Laura Nelson - IDACORP - Idaho Power Company - 1 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 
 



 

 

3. Do you agree the development of VAR-501-WECC-3 met the “Balanced” criteria as outlined above? If “No”, please explain in the comment 
area below. 

Bishnu Sapkota - GE - GE Power Systems Energy Consulting - 10 - WECC 

Answer No 

Document Name  

Comment 

Please refer to the comment for question 2. 

Likes     0  

Dislikes     0  

Response 

 

Lynda Kupfer - Puget Sound Energy, Inc. - 1,3,5 

Answer Yes 

Document Name  

Comment 

Comment: 

Please clarify the conditions and timing under which an automatic voltage regulator without PSS, or a PSS that cannot meet the tuning requirements in 
R3 would have to be replaced.  

Our interpretation for R4 is that only if we were replacing the voltage regulator on an existing exciter would we have to add PSS to a unit that doesn’t 
currently have it.   

R3.5 provides an exemption for PSS that cannot be tuned but R5 requires repair or replacement within 24 months of determining it cannot be tuned to 
the standard requirements.  Because R3 is effective 5 years after approval for existing systems, would we then have 2 years after that to replace PSS 
that cannot be tuned to the specifications?  

Likes     0  

Dislikes     0  

Response 

 

Pamela Hunter - Southern Company - Southern Company Services, Inc. - 1,3,5,6 - SERC, Group Name Southern Company 

Answer Yes 

Document Name  

Comment 

 



1. Redline, page 14, Section Requirement R3, first sentence:  What is RRS?  Should RSS be RRS (regional reliability standard)? 

2. With regard to the draft standard section R3.3:    PSS Gain shall be set to between 1/3 and 1/2 of maximum practical gain. 

The SDT should define “maximum practical gain”.  Is this meant to be the gain value resulting in the threshold of instability?  In defining the 
maximum practical gain, one must account for older PSS systems and the newer dual input PSS units using the integral of accelerating power 
which are stable at significantly higher gains. 

Likes     0  

Dislikes     0  

Response 

 

Laura Nelson - IDACORP - Idaho Power Company - 1 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Richard Jackson - U.S. Bureau of Reclamation - 1,5 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 
 



 

 

4. Do you agree the development of VAR-501-WECC-3 met the “Due Process” criteria as outlined above? If “No”, please explain in the 
comment area below. 

Richard Jackson - U.S. Bureau of Reclamation - 1,5 

Answer No 

Document Name  

Comment 

In general, Reclamation supports the changes proposed in VAR-501-WECC-3. Reclamation requests that the standard be revised to contain clarifying 
language regarding the allowance for a PSS to be out of service in R2: Is a PSS outage of 30 minutes considered a violation or not? During what 
interval is “more than 30 minutes” considered a violation – per occurrence, or a total per year? 

  

Reclamation suggests that R3 be clarified to state that each Generator Owner shall tune its PSS to meet “ALL” the following criteria (3.1 “and” 3.2 
“and” 3.3 “and” 3.4 “OR” 3.5) in order to better align with the VSL for R3 which indicates a violation if ANY of the criteria are not met. 

  

R4 by itself can be misinterpreted to mandate installation of PSS on existing generators.  To avoid confusion, BOR recommends copying the text of the 
"Mandate to Install a PSS" section (on page 8 of the Clean version) to a third bullet under R4.  

  

R5 may be overly restrictive given procurement issues that entities, especially federal agencies, could experience. The clause “or a plan to repair or 
replace not to exceed 36 months” should be included to offset the possibility of unforeseen delays that could cause a possible violation beyond the 
entity's control. 

  

In the Evidence Retention section, it is unclear what the phrase "plus calendar current" means 

Likes     0  

Dislikes     0  

Response 

 

Pamela Hunter - Southern Company - Southern Company Services, Inc. - 1,3,5,6 - SERC, Group Name Southern Company 

Answer Yes 

Document Name  

Comment 

  

  

 



Likes     0  

Dislikes     0  

Response 

 

Lynda Kupfer - Puget Sound Energy, Inc. - 1,3,5 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Bishnu Sapkota - GE - GE Power Systems Energy Consulting - 10 - WECC 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Laura Nelson - IDACORP - Idaho Power Company - 1 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 
 



 

 

5. Do you agree the development of VAR-501-WECC-3 met the “Transparent” criteria as outlined above? If “No”, please explain in the 
comment area below. 

Laura Nelson - IDACORP - Idaho Power Company - 1 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Bishnu Sapkota - GE - GE Power Systems Energy Consulting - 10 - WECC 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Richard Jackson - U.S. Bureau of Reclamation - 1,5 

Answer Yes 

Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 

 

Pamela Hunter - Southern Company - Southern Company Services, Inc. - 1,3,5,6 - SERC, Group Name Southern Company 

Answer Yes 

 



Document Name  

Comment 

 

Likes     0  

Dislikes     0  

Response 
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A. Introduction 
1. Title: Power System Stabilizer (PSS) 

2. Number: VAR-501-WECC-3 

3. Purpose: To ensure the Western Interconnection is operated in a coordinated manner 
under normal and abnormal conditions by establishing the performance criteria for 
WECC power system stabilizers. 

4. Applicability: 

4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous generators, connected to the Bulk 
Electric System, that meet the definition of Commercial Operation.  

6. Effective Date: The first day of the first quarter following regulatory approval, except 
for Requirement R3. 

For units placed in first-time service after regulatory approval, Requirement R3 is 
effective the first day of the first quarter following final regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

 
B. Requirements and Measures 

R1. Each Generator Owner shall provide to its Transmission Operator, the Generator 
Owner’s written Operating Procedure or other document(s) describing those known 
circumstances during which the Generator Owner’s PSS will not be providing an active 
signal to the Automatic Voltage Regulator (AVR), within 180 days of any of the 
following events: [Violation Risk Factor: Low] [Time Horizon: Planning Horizon] 

• The effective date of this standard;  
• The PSS’s Commercial Operation date; or 
• Any changes to the PSS operating specifications. 

M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other document(s) 
describing those known circumstances during which the Generator Owner’s PSS will 
not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the Generator 
Owner only needs to provide the documentation to the Transmission Operator one 
time, or whenever the operating specifications change.  
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For auditing purposes, if a PSS is in service but is not providing an active signal to the 
AVR as described in Requirement R1, the disabled period does not count against the 
Requirement R2 mandate to be in service except as otherwise allowed. 

R2. Each Generator Operator shall have its PSS in service while synchronized, except 
during any of the following: [Violation Risk Factor: Medium] [Time Horizon: Operating 
Assessment] 

• Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

A PSS that is out of service for less than 30 minutes does not create a violation 
of this Requirement, regardless of cause.  

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2. Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless otherwise 
exempted in Requirement R2. Evidence need only be provided to prove the 
circumstances during which the PSS was not in service for periods in excess of 30 
minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk Factor: 
Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated compensated 
Vt/Vref frequency response of the excitation system and synchronous machine 
such that the phase angle will not exceed ± 30 degrees through the frequency 
range from 0.2 Hertz to the lesser of 1.0 Hertz or the highest frequency at which 
the phase of the Vt/Vref frequency response does not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 
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3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements. 

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

If the exception under Requirement R3, Part 3.5, is claimed, the Generator Owner will 
have documented evidence describing: 1) the conditions that render the PSS incapable 
of meeting the tuning requirements, and 2) the date the voltage regulator was last 
replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator within 180 days of either of the following events: [Violation Risk Factor: 
Medium] [Time Horizon: Operational Assessment] 

• The Generator Owner connects a generator to the BES, after achieving 
Commercial Operation, and after the Effective Date of this standard. 

• The Generator Owner replaces the voltage regulator on its existing excitation 
system, after achieving Commercial Operation for its generator that is 
connected to the BES, and after the Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-up 
testing of a PSS on its generator within 180 days of either of the conditions described 
in Requirement R4, and when those conditions occur after the Effective Date of this 
standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment on its 
initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement R3. 
[Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS within 
24 months of that PSS becoming incapable of meeting the tuning specifications of 
Requirement R3. Evidence may include, but is not limited to, documentation of the 
date the PSS became incapable of meeting the Requirement R3 tuning specifications, 
and the date the PSS was returned to service, demonstrating that the span of time 
between the two events was less than 24 months. 
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C. Compliance 
1. Compliance Monitoring Process 

1.1 Compliance Enforcement Authority 

NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.  

1.2 Compliance Monitoring and Assessment Processes  

• Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Investigations 

• Self-Reporting 

• Complaints  

1.3  Evidence Retention  

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

Each Generator Operator shall keep evidence for all Requirements of the 
document for a period of three years plus calendar current. 

1.4  Additional Compliance Information 

None 
 

D. Regional Differences 
None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA 

 

NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.  

R2 Operations 
Assessment 

Medium  Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 30 minutes 
but less than 60 
minutes. 

Each Generator 
Operator not having its 
PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 60 minutes 
but less than 120 
minutes. 

Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 120 
minutes but less than 
180 minutes. 

Each Generator 
Operator not having 
its PSS in service while 
synchronized in 
accordance with 
Requirement R2, for 
more than 180 
minutes. 

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.  

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.  
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
Requirement R4. 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
required in 
Requirement R5.  
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Version History 
 

Version Date Action Change Tracking 

1 April 16, 2008 Permanent Replacement 
Standard for VAR-STD-002b-1  

1 October 28, 2008 Adopted by NERC Board of 
Trustees  

1 April 21, 2011 

FERC Order issued approving 
VAR- 
501-WECC-1 (FERC approval 
effective June 27, 2011; 
Effective Date July 1, 2011) 

 

2 November 13, 2014 Adopted by NERC Board of 
Trustees  

2 March 3, 2015 FERC letter order approved 
VAR-501-WECC-2  

3 TBD TBD  
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection to provide the required system damping while still allowing for some of these 
units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
  
Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of 
a PSS solely because a PSS is not currently installed as of the Effective Date of this RRS. Rather, 
installation is only mandated on the occurrence of either of the triggering events described in 
Requirement R4, Bullet 1 or Bullet 2, after the Effective Date of the RRS. 
 
It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active. As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner, the PSS operating zone in 
which the PSS is “active” providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band. A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.  

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
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98% in-service requirement. Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
 
Requirement R3 
 
Nothing in this RSS should be construed to mandate the design criteria for the equipment used 
to produce the tuning output of the PSS. Rather, Requirement R3 is intended to address the 
design criteria for the tuning output of the PSS. 
 
Unlike the language in Requirement R5 that looks backward to address units that were once 
operating but are no longer capable of operating, Requirement R3 looks forward, requiring that 
units be tuned to the specified parameters.  

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold. The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 (10 dB) and 1/2 (6 dB) of the maximum practical gain that 
could be achieved during PSS commissioning. The maximum practical gain might be associated 
with the excessive noise or raised higher-frequency oscillations in the closed loop response 
(exciter mode) or any other form if there is inadequate closed-loop performance, as 
determined during PSS commissioning. It is now part of Measure M3 to show the field test 
results that led to the determination of the maximum practical gain. 
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Requirement R4 
 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units. This Requirement 
applies to new excitation systems and not to existing systems that do not have PSS. The 
Requirement also allows a reasonable amount of time for the commissioning of new PSS. 
 
Requirement R5 
 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable. Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure. A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written. Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS. It is recognized that in some instances, it may require 
(1) replacement of an AVR, and (2) the existence of a PSS, or both the AVR and the PSS may 
need to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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* FOR INFORMATIONAL PURPOSES ONLY * 

 

Enforcement Dates: Standard VAR-501-WECC-3 — Power System Stabilizer 

 

United States 

 

Standard Requirement Enforcement Date Inactive Date 
VAR-501-WECC-3 TBD TBD  
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A. Introduction 
1.  1.  Title:  Power System Stabilizer (PSS) 

 
 2.  Number:  VAR-501-WECC-2 
 

2. 3.   

3. Purpose:  To ensure the Western Interconnection is operated in a coordinated manner 
under normal and abnormal conditions by establishing the performance criteria for 
WECC power system stabilizers. 

4. Applicability: 

that Power System Stabilizers (PSS) on 4.1 Generator Operator 

4.2 Generator Owner 

5. Facilities: This standard applies to synchronous   generators shall be kept in service., 
connected to the Bulk Electric System, that meet the definition of Commercial 
Operation.  

 
1.  4.  Applicability: 

 
4.1. Generator Operators 

 
6.  5.  Effective Date: On the The first day of the first quarter, following 

regulatory approval, except for Requirement R3. 

For units placed in first-time service after applicable regulatory          
approval., Requirement R3 is effective the first day of the first quarter following final 
regulatory approval. 

For units placed in service prior to final regulatory approval, Requirement R3 is effective 
the first day of the first quarter that is five years after regulatory approval. 

 
B. Requirements and Measures 

 R1. Each Generator Owner shall provide to its Transmission Operator, the Generator 
Owner’s written Operating Procedure or other document(s) describing those known 
circumstances during which the Generator Owner’s PSS will not be providing an active 
signal to the Automatic Voltage Regulator (AVR), within 180 days of any of the 
following events: [Violation Risk Factor: Low] [Time Horizon: Planning Horizon] 

• The effective date of this standard;  
• The PSS’s Commercial Operation date; or 
• Any changes to the PSS operating specifications. 
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M1. Each Generator Owner will have documented evidence that it provided to its 
Transmission Operator, within the time allotted as described in the procedures 
required under Requirement R1, written Operating Procedures or other document(s) 
describing those known circumstances during which the Generator Owner’s PSS will 
not be providing an active signal to the AVR. 

For auditing purposes, because Requirement R1 conditions are intended to be 
unchanged unless the Transmission Operator is otherwise notified, the Generator 
Owner only needs to provide the documentation to the Transmission Operator one 
time, or whenever the operating specifications change.  
For auditing purposes, if a PSS is in service but is not providing an active signal to the 
AVR as described in Requirement R1, the disabled period does not count against the 
Requirement R2 mandate to be in service except as otherwise allowed. 

R2. Each Generator OperatorR1. Generator Operators shall have PSS in service 
98% of all operating hours   for synchronous generators equipped with PSS.  
Generator Operators may   exclude hours for R1.1 through R1.12 to 
achieve the 98% requirement.   its PSS in service while synchronized, 
except during any of the following: [Violation Risk Factor: Medium] [Time Horizon: 
OperationsOperating Assessment] 

 

•   R1.1. The Component failure 

• Testing of a Bulk Electric System Element affecting or affected by the PSS 

• Maintenance  

• As agreed upon by the Generator Operator and the Transmission Operator 

A PSS that is out of service for less than 30 minutes does not create a violation 
of this Requirement, regardless of cause.  

M2.  Each Generator Operator will have documentation of each claimed exception 
specified in Requirement R2. Documentation may include, but is not limited to:  

• A written explanation covering the bulleted exception that describes the 
circumstances of the exception as allowed in Requirement R2. 

• Documented evidence that the Generator Operator and the Transmission 
Operator agreed the PSS would not be operating during a specified set of 
circumstances, where the exception is claimed under the last bullet of 
Requirement R2. 

For auditing purposes, the presumption is that the PSS was in service unless otherwise 
exempted in Requirement R2. Evidence need only be provided to prove the 
circumstances during which the PSS was not in service for periods in excess of 30 
minutes. 

R3. Each Generator Owner shall tune its PSS to meet the following inter-area mode 
criteria, except as specified in Requirement R3, Part 3.5 below: [Violation Risk Factor: 
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Medium] [Time Horizon: Operating Assessment] 

3.1. PSS shall be set to provide the measured, simulated, or calculated compensated 
Vt/Vref frequency response of the excitation system and synchronous machine 
such that the phase angle will not exceed ± 30 degrees through the frequency 
range from 0.2 Hertz to the lesser of 1.0 Hertz or the highest frequency at which 
the phase of the Vt/Vref frequency response does not exceed 90 degrees. 

3.2. PSS output limits shall be set to provide at least ±5% of the synchronous 
machine’s nominal terminal voltage. 

3.3. PSS gain shall be set to between 1/3 and 1/2 of maximum practical gain.  

3.4. PSS washout time constant shall be no greater than 30 seconds. 

3.5. Units that have an excitation system or PSS that is incapable of meeting the 
tuning requirements of Requirement R3 are exempt from Requirement R3 until 
the voltage regulator is either replaced or retrofitted such that the PSS becomes 
capable of meeting the tuning requirements. 

M3. Each Generator Owner will have documented evidence that its PSS was tuned to 
meet the specifications of Requirement R3. 

If the exception under Requirement R3, Part 3.5, is claimed, the Generator Owner will 
have documented evidence describing: 1) the conditions that render the PSS incapable 
of meeting the tuning requirements, and 2) the date the voltage regulator was last 
replaced or retrofitted. 

R4. Each Generator Owner shall install and complete start-up testing of a PSS on its 
generator operates for less than five percent of all    hours during 
any calendar quarter.within 180 days of either of the following events: [Violation Risk 
Factor: Medium] [Time Horizon: Operational Assessment] 

 
  R1.2. Performing maintenance and testing up to a maximum of seven  
   calendar days per calendar quarter. 
 
  R1.3. PSS exhibits instability due to abnormal system configuration. 
 
  R1.4. Unit is operating in the synchronous condenser mode (very near zero 
   real power level). 
 
  R1.5. Unit is generating less power than its design limit for effective PSS   
   operation. 
 
  R1.6. Unit is passing through a range of output that is a known “rough zone” 
   (range in which a hydro unit is experiencing excessive vibration). 
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  R1.7. The Generator Owner connects a generator AVR is not in service. 
 
  R1.8. Due to component failure, the PSS may be out of service up to 60  
   consecutive days for repair per incident. 
 
  R1.9. Due to a component failure, the PSS may be out of service up to one 
   year provided the Generator Operator submits documentation  
   identifying the need for time to obtain replacement parts and if  
   required to schedule an outage. 
 
  R1.10.  Due to a component failure, the PSS may be out of service up to 24 
   months provided the Generator Operator submits documentation 
   identifying the need for time for PSS replacement and to schedule an 
   outage. 
 

•   R1.11. The synchronous generator has not achievedto the BES, 
after achieving Commercial Operation, and after the Effective Date of this 
standard. 

 
•   R1.12. The Transmission Operator directs the Generator Operator 

to    operate the synchronousOwner replaces the voltage 
regulator on its existing excitation system, after achieving Commercial 
Operation for its generator that is connected to the BES, and after the 
Effective Date of this standard. 

M4. Each Generator Owner will have evidence that it installed and completed start-up 
testing of a PSS is unavailable    for on its generator within 180 days 
of either of the conditions described in Requirement R4, and when those conditions 
occur after the Effective Date of this standard. 

For auditing purposes of Requirement R4, bullet one only applies to equipment on its 
initial (first energization) connection to the BES. 

R5. Each Generator Owner shall repair or replace a PSS within 24 months of that PSS 
becoming incapable of meeting the tuning specifications stated in Requirement R3. 
[Violation Risk Factor: Medium] [Time Horizon: Operational Assessment] 

M5. Each Generator Owner will have evidence that it repaired or replaced its PSS within 
24 months of that PSS becoming incapable of meeting the tuning specifications of 
Requirement R3. Evidence may include, but is not limited to, documentation of the 
date the PSS became incapable of meeting the Requirement R3 tuning specifications, 
and the date the PSS was returned to service, demonstrating that the span of time 
between the two events was less than 24 months. 
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C.Measures 

 M1. Generators Operators shall provide quarterly reports to the compliance  
  monitor and have evidence for each synchronous generator of the following: 
 
  M1.1 The number of hours the synchronous generator was on line. 
 
  M1.2 The number of hours the PSS was out of service with generator on  
   line. 
 
  M1.3 The PSS in service percentage 
 
  M1.4 If excluding PSS out of service hours as allowed in R1.1  
   through R1.12, provide: 
 
   M1.4.1   The number of hours excluded,  
 
   M1.4.2   The adjusted PSS in-service percentage, 
 
   M1.4.3   Date of the outage. 

D. Compliance 
 1. Compliance Monitoring Process 

 1.1 Compliance Monitoring Responsibility 
   Compliance Enforcement Authority 

 
 NERC or the Regional Entity, or any entity as otherwise designated by an 
Applicable Governmental Authority, in their respective roles of monitoring and/or 
enforcing compliance with mandatory and enforceable Reliability Standards in 
their respective jurisdictions.  

1.2 Compliance Monitoring Periodand Assessment Processes  

 

•    Compliance Audits 

• Self-Certifications 

• Spot Checking 

• Compliance Enforcement Authority may use one or more of the   
  following methods to assessInvestigations 

• Self-Reporting 

• Complaints  
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1.3  Evidence Retention  

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

 
   - Reports submitted quarterly 
 
   - Spot check audits conducted anytime with 30 days notice 
 
   - Periodic audit as scheduled by the Compliance Enforcement   
     Authority 
 
   - Investigations 
 
   - Other methods as provided for in the Compliance Monitoring   
     Enforcement Program 
 
   The Reset Time Frame shall be a calendar quarter. 
 
 1.3 Data Retention 
 

TheEach Generator OperatorsOperator shall keep evidence for Measures M1 forall 
Requirements of the document for a period of three years plus calendar current 
year, or since the last audit, whichever is longer. 

 
 1.4  Additional Compliance Information 

None 
 

 1.4.1 The sanctions shall be assessed on a calendar quarter basis. 
 
 1.4.2 If any of R1.2 through R1.12 continues from one quarter to 
  another, the number of days accumulated will be the  
  contiguous calendar days from the beginning of the incident 
  to the end of the incident. For example, in R1.8 if the 60 day 
  repair period goes beyond the end of a quarter, the repair  
  period does not reset at the beginning of the next quarter. 
 
 1.4.3 When calculating the adjusted in-service percentage, the PSS 
  out of service hours do not include the time associated with 
  R1.1 through R1.12. 
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 1.4.4 The standard shall be applied on a generating unit by  
  generating unit basis (a Generator Operator can be subject to 
  a separate sanction for each non- compliant synchronous  
  generating unit or to a single sanction for multiple machines 
  that operate as one unit). 

ED. Regional Differences 
 None 
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Table of Compliance Elements 
 

R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

R1 Planning 
Horizon 

Low NA 

 

NA NA The Generator Owner 
failed to provide its PSS 
operating specifications 
to the Transmission 
Planner as required in 
Requirement R1.  

R1
R2 

Operational
Operations 
Assessment  

Medium  There shall be a Lower 
Level of non-
compliance if PSS is in 
service less than 98% 
but at least 90% or 
more of all hours 
during which the 
synchronous 
generating unit is on 
line for each calendar 
quarter. 
Each Generator 
Operator not having 
its PSS in service while 

There shall be a 
Moderate Level of non-
compliance if PSS is in 
service less than 90% 
but at least 80% or 
more of all hours 
during which the 
synchronous 
generating unit is on 
line for each calendar 
quarter. 
Each Generator 
Operator not having its 
PSS in service while 

There shall be a High 
Level of non-
compliance if is in 
service less than 80% 
but at least 70% or 
more of all hours 
during which the 
synchronous 
generating unit is on 
line for each calendar 
quarter. 
Each Generator 
Operator not having 
its PSS in service while 

There shall be a 
Severe Level of 
non-compliance if 
PSS  is  in  service  
less  than  70% of  
all  hours  during  
which  the 
synchronous 
generating unit is 
on line for each 
calendar quarter. 
Each Generator 
Operator not having 
its PSS in service while 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

synchronized in 
accordance with 
Requirement R2, for 
more than 30 minutes 
but less than 60 
minutes. 

synchronized in 
accordance with 
Requirement R2, for 
more than 60 minutes 
but less than 120 
minutes. 

synchronized in 
accordance with 
Requirement R2, for 
more than 120 
minutes but less than 
180 minutes. 

synchronized in 
accordance with 
Requirement R2, for 
more than 180 
minutes. 

R3 Operations 
Assessment 

Medium  The Generator 
Owner’s PSS failed to 
meet any of the 
required 
performances in 
Requirement R3, two 
times or fewer during 
the audit period.  

The Generator Owner’s 
PSS failed to meet any 
of the required 
performances in 
Requirement R3, three 
times during the audit 
period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
four times during the 
audit period.  

The Generator 
Owner’s PSS failed to 
meet any of the 
required performances 
in Requirement R3, 
five times or more 
during the audit 
period.  

R4 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to install on its 
generator a PSS, as 
required in 
Requirement R4. 

R5 Operational 
Assessment 

Medium NA NA NA The Generator Owner 
failed to repair or 
replace a non-
operational PSS as 
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R Time 
Horizon 

VRF Violation Severity Levels 

Lower VSL Moderate VSL High VSL Severe VSL 

required in 
Requirement R5.  
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Version History 
 

Version Date Action Change Tracking 

 
1 

 
April 16, 2008 

 
Permanent Replacement 
Standard for VAR-STD-002b-1 

 

1 October 28, 2008 Adopted by NERC Board of 
Trustees  

 
1 

 
April 21, 2011 

 
FERC Order issued approving 
VAR- 
501-WECC-1 (FERC approval 
effective June 27, 2011; 
Effective Date July 1, 2011) 

 

 
 

2 

 
 
November 13, 2014 

 
 
Adopted by NERC Board of 
Trustees 

 

 
 

2 

 
 
March 3, 2015 

 
 
FERC letter order approved 
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Guideline and Technical Basis  
 
PSS systems are used to minimize real power oscillations by rapidly adjusting the field of the 
generator to dampen the low-frequency oscillations.  
 
It is necessary for large numbers of PSS devices to be in operation in the Western 
Interconnection to provide the required system damping while still allowing for some of these 
units to be out of service whenever necessary. 
 
Mandate to Install a PSS 
  
Nothing in this Regional Reliability Standard (RSS) should be construed to require installation of 
a PSS solely because a PSS is not currently installed as of the Effective Date of this RRS. Rather, 
installation is only mandated on the occurrence of either of the triggering events described in 
Requirement R4, Bullet 1 or Bullet 2, after the Effective Date of the RRS. 
 
It should be noted that a PSS is neither Transmission nor generation.  
 
Requirement R1 
 
Requirement R1 addresses normal operating conditions.  

Requirement R1 recognizes that PSS systems have varying states, such as on, off, active, and 
non-active. As long as the PSS is operating in accordance with the documentation provided to 
the Transmission Planner, this is not considered a status change for purposes of this standard. 

This Requirement eliminates the requirement to count hours as required in the previous 
version of this standard while also allowing the Generator Owner to create a unit-specific 
operating plan.  

The intent of Requirement R1 is to provide the Transmission Planner, the PSS operating zone in 
which the PSS is “active” providing damping to the power system. Some PSS may be 
programmed to become “active” at a specified megawatt loading level and above while others 
may be programmed to be “active” in a particular band of megawatt loading levels and are 
“non-active” only when passing through the “rough zone” or some other band. A “rough zone” 
is a megawatt loading band in which the generator-turbine system could contribute to system 
instability.  
 
Requirement R2 
 
This Requirement only applies when the PSS is out of service for a period greater than 30 
minutes.  

Unlike Requirement R1, Requirement R2 addresses exceptions to normal operation. 

The intent of Requirement R2 is to remove the previous requirement to log hours for PSS in 
service. In this standard’s previous version, the logged hours were totaled quarterly to meet the 
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98% in-service requirement. Instead of documenting the number of hours excluded, this 
Requirement simplifies the process by allowing the Generator Operator to communicate to the 
Transmission Operator the circumstances that render the PSS unavailable to the Transmission 
Operator (such as component failure, maintenance, and testing). 
 
Requirement R3 
 
Nothing in this RSS should be construed to mandate the design criteria for the equipment used 
to produce the tuning output of the PSS. Rather, Requirement R3 is intended to address the 
design criteria for the tuning output of the PSS. 
 
Unlike the language in Requirement R5 that looks backward to address units that were once 
operating but are no longer capable of operating, Requirement R3 looks forward, requiring that 
units be tuned to the specified parameters.  

The PSS transfer function should compensate the phase characteristics of the generator, 
exciter, and power (GEP) system transfer function so the compensated transfer function 
((PSS(s) * GEP(s)) has a phase characteristic of ± 30 degrees in the frequency range.  

The GEP(s) transfer function is a theoretical transfer function and its phase characteristic 
cannot be directly measured during field tests (only via simulation). Thus, the Requirement 
recognizes the practical approach of measuring the frequency response between voltage 
reference set point and terminal voltage (Et/Vref) and using the phase characteristic of such 
frequency response as being the phase characteristic of GEP(s). The phase characteristic of 
Et/Vref is a better approximation to the phase characteristic of GEP(s) when the frequency 
response Et/Vref is obtained with the generator synchronized to the grid at its minimum stable 
power output. 

In an effort to allow for reasonable wash-out time constants, the Requirement specifies 0.2 Hz 
as the applicable threshold. The 0.2 Hz threshold more closely aligns with the observed 
oscillation frequencies. 

A properly tuned PSS should provide positive damping to the local mode of oscillation, which 
typically has a frequency higher than 1.0 Hz. 

This Requirement modifies the requirement associated with the adjustment of the PSS gain. 
The standard no longer defines the PSS gain in terms of gain margin but instead requires the 
final PSS gain to be between 1/3 (10 dB) and 1/2 (6 dB) of the maximum practical gain that 
could be achieved during PSS commissioning. The maximum practical gain might be associated 
with the excessive noise or raised higher-frequency oscillations in the closed loop response 
(exciter mode) or any other form if there is inadequate closed-loop performance, as 
determined during PSS commissioning. It is now part of Measure M3 to show the field test 
results that led to the determination of the maximum practical gain. 
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Requirement R4 
 
Requirement R4 requires a Generator Owner to install a PSS on new applicable units or when 
excitation systems are replaced or retrofitted on existing applicable units. This Requirement 
applies to new excitation systems and not to existing systems that do not have PSS. The 
Requirement also allows a reasonable amount of time for the commissioning of new PSS. 
 
Requirement R5 
 
Unlike the language in Requirement R3 that looks forward to ensure that a unit is tuned, 
Requirement R5 looks backward. Specifically, the language in Requirement R5, “becoming 
incapable,” indicates the unit was previously capable of meeting the tuning requirements in 
Requirement R3, but is no longer capable. Restated, Requirement R5 addresses units that were 
previously working but are now no longer working. 

The intent of Requirement R5 is to remove the “tiered” approach to PSS repair/replacement 
following a failure. A simple, streamlined approach to allow the Generator Owner sufficient 
time to repair or replace a broken PSS has been written. Consideration has been given for the 
need to procure parts or new equipment, schedule an equipment/unit outage, and install and 
test the repaired or replaced PSS. It is recognized that in some instances, it may require 
(1) replacement of an AVR, and (2) the existence of a PSS, or both the AVR and the PSS may 
need to be replaced to achieve a functioning system. 

The 24-month time frame is sufficient to return a functional, operating PSS to service.  
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* FOR INFORMATIONAL PURPOSES ONLY * 

 

Enforcement Dates: Standard VAR-501-WECC-3 — Power System Stabilizer 

 

United States 

 

Standard Requirement Enforcement Date Inactive Date 
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Power System Stabilizer Applicability in the WECC System 

Study Progress Report to WECC-0107 Drafting Team 

 Shawn Patterson 

Bureau of Reclamation 

April 2014 

Introduction 

Power System Stabilizers (PSS) are essential to the stability of the WECC interconnection. Their 
development and application were critical to the early interconnection, and their continued application 
on generators over the decades has provided a tangible benefit to the reliability of the WECC system. 
Therefore, there is a general interest in maintaining the practice of applying PSS in WECC generators, 
which is countered by a general interest in not requiring PSS on all generators. Balancing these two 
positions is less than straightforward and requirement thresholds have ultimately been determined 
without the benefit of technical data. Recently, a study report was provided by Dmitry Kosterev to 
support PSS standard drafting team discussion. This report is meant to augment that of Dr. Kosterev.    

Background 

Originally, stabilizers were applied to a handful of strategically located generators, but by the early 
1970’s, the recommendation was made to apply PSS to all generators 75 MVA and greater. Due to their 
location in the system, many units smaller than 75 MVA also included PSS at this time.  Studies were 
performed in 1974 to establish a recommendation on minimal percentage of PSS equipped generators 
that should be online at any given time. The recommendation of applying PSS to units 75 MVA and 
larger was in place until the “Criteria to Determine Excitation System Suitability for PSS in WSCC System” 
report was released in 1992. This study recommended considering the application of PSS on all existing 
units of 75 MVA or larger, and all new machines with continuously acting voltage regulators. The WECC 
PSS Policy Statement, approved in 2002, required PSS on all existing units 75 MVA and greater, and all 
units of 30 MVA and larger, with new excitation systems considered suitable.  

The PSS represented in the current WECC model database reflects the history of the recommendations 
and requirements of the last 40 years, that is, nearly all units greater than 75 MVA are equipped with 
PSS, nearly half the units sized between 30 MVA and 75 MVA are equipped with PSS, and less than 25 
percent of units smaller than 30 MVA have PSS. 

Meaningful studies of PSS application, or for any generator equipment are difficult. With over 3,000 
generators in the connected system, the impact of any single unit is nearly impossible to see. The effects 
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of PSS are distributed throughout the system. Their influence depends largely on the varying system 
conditions. In some cases the response of a particular unit may be of great important to the overall 
system behavior, but in another case, have no impact. So the type of sensitivity study presented by Dr. 
Kosterev is a likely attempt to determine the wide scale effect of PSS throughout the system. However, 
conclusions based on such a study can be easily misinterpreted. Given the history of PSS application in 
the WECC, the results of such a study are predictable: Policy or recommendations have resulted in 
nearly uniform application of PSS on units greater than 75 MVA, therefore the results are sensitive to 
removing them from large numbers of these units. Removing PSS on units 30 to 75 MVA affects about 
half of them, so the results are sensitive, but not as much as the first case. Removing PSS on units less 
than 25 MVA affects almost no units, with the expected system impact.  

Study Methodology 

To examine the sensitivity of removing PSS from large groups of generators, then they all must at least 
have a PSS than can be removed. Therefore, Dr. Kosterev’s study was performed, as similar as possible 
(same case, same disturbance) but with PSS installed on all possible units, i.e., units with excitation 
systems that allow a PSS input signal. This entailed the creation of about 1,200 PSS models to add to the 
existing 1,500 PSS models in the cases examined. As expected, most of these models were applied to 
units smaller than 75 MVA, but some were applied to much larger units that did not have PSS 
represented in the cases. There were 55 generators in the case, mostly smaller than 50 MVA, which 
have excitation system models that cannot accept a PSS signal. 

 

 

 

 

 

 

 

 

 

 

An important factor to keep in mind when considering the WECC system is that more than half of the 
approximately 3,000 synchronous machines modeled are less than 75 MVA in size.  
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Results 

Simulations of the BC-Alberta separation with the same 13HS case resulted in voltage swings at the 
Malin 500 kV bus to compare to the other report as follows: 

 

 

At first glance, comparison of the above figure to the original study appears largely the same. The 
differences are that in this case, there is an increased sensitivity to units less than 75 MVA, with 
noticeable impacts this time of units sized between 25 MVA to 50 MVA, and even those smaller than 25 
MVA. The major difference between the studies is that unlike the previous one, there is no clear dividing 
line between 25 MVA and 50 MVA where the difference is negligible.  

When considering figures like the one above, it is important to observe that the differences in damping, 
that is, the impact of each case, cannot be compared simply by the amplitude of the swings as the time 
progresses to the right of the graph. The comparison must be made between the calculated effective 
damping ratio of each signal. The graph below shows that the estimated damping from each of the 
above cases, with results from some additional simulations, when plotted against the threshold where 
all PSS are turned of is surprisingly somewhat linear, suggesting that the relationship between number 
of generators and MVA rating is roughly inversely proportional. (Note: the damping ratio calculation 
probably needs to be re-evaluated for the cases where it is negative. All damping estimates were made 
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during the same simulation time frames, where the degree of nonlinearity may be different between 
positively damped cases and negatively damped cases.) 
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Similar results were obtained using a different base case and simulating a different disturbance, shown 
below: 
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The figure below compares the Alberta separation case, this time including the reference base case, i.e., 
the existing model without additional PSS. Also shown is the simulation with PSS turned off on nearly all 
units greater than 500 MW, which affected a total capacity of more than 45,000 MW. Yet the results are 
better damped system than that where PSS was applied on all units greater than 25 MW, where only 
about 15,000 MW were left without PSS. The implication from this comparison is that for this case PSS 
application based on total unit capacity is not as effective as the number of units with PSS.  

 

These results are neither surprising nor unique to this case. The effectiveness of a PSS and its 
contribution to damping inter-area oscillations depends on a great number of variables. As 
demonstrated in these examples, the relative size of the generator is not the most influential variable. It 
can further be demonstrated that the most important considerations in this example are generator 
location and how the PSS is tuned. 

The following figure illustrates how one of the major modes of oscillation in this case appears 
throughout the WECC system. Each point represents one generator, and the graph shows that the mode 
of oscillation consists primarily of the generators in blue oscillating against the generators in red. PSS 
will be more effective for this mode on these units, whereas PSS on units in the center of the plot will 
not be as important. 
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The other major mode of oscillation in this case is shown in the next figure, where the oscillation 
consists of a different combination of generators. 
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When the net load flow of this case is increased, the first oscillation mode is altered, becoming 
dependent on a new combination of generators, shown below.  
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As an example for comparison, the following figure depicts the relative amount of importance of eight 
different plants in the northwest part of the system in the oscillation mode in the case above. What is 
significant to the point is that the relative importance to this oscillation does not correlate with unit size. 

 

 

PSS Applicability Based on Generator Size  

The results of this study suggest there is no clear generator size threshold below which the application 
of PSS does not provide a significant benefit. However, conclusions regarding units below 10 MVA based 
on the WECC database cannot be given full consideration due to the known lack of and quality of 
representation of many of these generators. 

The nearly universal application of automatic voltage regulators (AVR) greatly enhances steady state 
stability as well as transient stability margins in a power system. However, they also introduce a 
destabilizing effect in the WECC system at natural system resonances at frequencies below 1.0 Hz. The 
PSS was developed to correct the destabilizing effect of the AVRs, and therefore improve the damping of 
these low frequency oscillations. The original application required retrofitting existing units, and 
equipping new excitation systems with first generation PSS, which required a substantial cost. This is 
unquestionably the reason a cutoff point in generator size was set. 
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The 1992 WECC study and resulting criteria recommendations, recognizing that there is no technical 
justification for excluding generators with new excitation systems, included considering PSS for all new 
systems regardless of unit size.  At that time, this seemed more reasonable as the cost of PSS was 
declining. Since then, the cost of adding PSS to a new excitation system has become significantly less as 
all new systems are digitally implemented. Now it is not unusual to apply PSS at no additional cost. 
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Studies Comparing Connection Voltage and Minimum Unit MVA 

Simulations conducted using 4 different base cases and 3 different disturbances are summarized in the 
following: 
 

 

Cases/Disturbances used/simulated/Oscillation Frequency: 

2013 Heavy Summer/Alberta Separation/0.26 Hz 

2014 Heavy Spring/Chief Joseph Brake/0.36 Hz 

2015 Light Winter/Chief Joseph Brake/0.41 Hz 

2018 Heavy Summer/Double Palo Verde Unit Trip/0.21 Hz 

 

 

For each case/scenario, PSS application was varied as follows: 
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PSS only on all units connected > 40 kV 

PSS only on all units connected > 60 kV 

PSS only on all units connected > 70 kV 

PSS only on all units connected > 100 kV 

PSS only on all units connected > 120 kV 

PSS only on all units connected > 40 kV, Units > 30 MVA 

PSS only on all units connected > 60 kV, Units > 30 MVA 

PSS only on all units connected > 70 kV, Units > 30 MVA 

PSS only on all units connected > 100 kV, Units > 30 MVA 

PSS only on all units connected > 120 kV, Units > 30 MVA 

All cases and disturbances show basically the same sensitivity to varying connection voltage and unit 
size. 

There is very little difference between a minimum connection voltage of 60 kV and 40 KV (not many 
units connected below 60 KV). 

The lowest noticeable change in minimum connection voltage occurs at 70 kV. 

There is very little difference between a minimum connection voltage of 70 kV and 100 KV (not many 
connection voltages in the range). 

Removing PSS on units connected at 120 kV and below has a significant impact on the results. 

Additional variation of unit size, units 50 MVA and less, was conducted for the HSP 14 Chief Joseph 
Brake scenario, and is summarized in the following figure: 
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Conclusions 

Generating unit MVA rating is, in general, not directly proportional to its impact on damping of 
particular modes of oscillation. 

Generally speaking, in the WECC system model, generator size is inversely proportional to the number of 
generating units. 

The nature of system wide modes of oscillation and the effectiveness of individual generating units on 
these modes varies with the system topology and the instantaneous operating point conditions. 

There is no technical justification to exclude application of PSS on a generating unit based on size alone. 

Raising the threshold for PSS applicability from the current 30 MVA will reduce the number of 
generators with PSS, which will decrease system damping proportionally to the number of units 
affected.   
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W E S T E R N  E L E C T R I C I T Y  C O O R D I N A T I N G  C O U N C I L  

Executive Summary 

The white paper was commissioned in response to a comment by Arizona Public Service (APS) in 
response to Posting 4 of the WECC-0107 project.  

APS raised the following concerns:  
 

“R3 implies that Vt/Vref must be measured at minimum load.  AZPS recommends that the 
minimum load requirement be removed for the following reasons: 

• For many units, full load is a better measurement point for Vt/Vref for tuning PSS.  This is 
how it has been done historically. 

• Many units are barely stable at minimum load and hence it is problematic to measure 
Vt/Vref at minimum load. Even if it can be measured it may not be possible to measure 
instability gain at the minimum load. 

• If PSS settings are based upon calculations it is simple to use any load; however, many 
utilities, including AZPS, prefer to set PSS based upon actual field measurements so that 
there are no errors related to system models. 

• If minimum loading requirements are maintained, all of the existing settings will become 
invalid and will require that PSS of all units in AZPS system (and in other systems) be 
retuned and the frequency response re-measured. 

• If the drafting team believes Vt/Vref must absolutely be measured at minimum load, please 
provide sufficient technical background and solutions to the problems mentioned above.” 

The conclusion of the paper is that conducting tuning at minimum-load is an acceptable approach to 
tuning; albeit, only one approach.  Not all members of the drafting team agree with the conclusion of 
the paper.  As such, the reader is encouraged to review the data, determine the entity-specific impacts, 
and proceed accordingly within the parameters of the Reliability Standards Development Procedures 
(Procedures) posted on the WECC Standards home page.  
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Using Minimum Load for PSS Tuning 

To provide damping over the frequency range of interest, the PSS transfer function PSS(s) should 
compensate the phase characteristic of the transfer function GEP(s) shown as Figure 1 in [2] and 
reproduced here (see Figure 1).  

Figure 1 – Definition of the GEP(s) Transfer Function 
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The transfer function GEP(s) is (in the associated theory) defined with the machine operating 
connected to a large system (infinite bus) at near full power output. This transfer function GEP(s) can 
also be defined based on the Heffron-Phillips diagram presented in [1], as shown in Figure 2. 

Figure 2 – Definition of GEP(s) Based on the Heffron-Phillips Diagram 
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Mathematically, the transfer function GEP(s) is defined as the transfer function from voltage reference 
to electrical torque disregarding all contributions to electrical torque that are derived from changes in 
the rotor angle position δ (or, equivalently, considering a constant rotor speed [2]):    

 

In practice, the GEP(s) transfer function cannot be directly measured: 

a) There are no transducers to measure the electrical (air-gap) torque 
b) There is no practical way to hold the rotor angle position δ constant (or, equivalently, to hold 

the rotor speed constant) and, thus, eliminate the contributions to electrical torque derived 
from changes in rotor angle.  

From Figure 2, it is possible to see that the GEP(s) transfer function could be indirectly obtained by 
measuring the transfer function from ∆Vref to ∆Et, considering the rotor angle δ constant:  

 

Since K2 and K6 in Figure 2 are real values (constants), the phase characteristic of GEP(s) is identical to 
the phase characteristic of the transfer function ∆Et/∆Vref, if the frequency response between Vref and 
Et can be measured without the influence from changes in rotor angle position δ.  

Another way to look at the same problem is to eliminate or minimize the contributions coming from 
the gains K1, K4 and K5. The gain K1 does not (directly) impact the transfer function from ∆Vref to ∆Et, as 
long as contributions from gains K4 and K5 are indeed eliminated or minimized.  

The expressions for the gains K4 and K5, shown in [1], show that these constants approach zero as the 
initial rotor angle δ0 approaches zero. This is a condition associated with the operation of the generator 
synchronized to the large system at minimum load (theoretically with power output equal to zero, 
although this is a very difficult condition to sustain in a stable manner on most power plants). 
Therefore, the Standard requires measuring the frequency response from ∆Vref to ∆Et at the minimum 
stable load of the generation unit.  

Additionally, the frequency response test performed with the generation unit at higher loads or near 
full load will have the risk of reaching a resonance with any poorly damped electromechanical 
oscillations modes, particularly the local mode of the unit.  
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Practical Example 

Figure 3 illustrates the practical aspects related to the field measurement of the frequency response 
between ∆Vref to ∆Et. The simulated phase characteristic of the transfer function was obtained with the 
generator synchronized to the large system (infinite bus) at zero power output, the theoretical 
condition that leads to the gains K4 and K5 to become zero.  

The simulated phase characteristic of ∆Et/∆Vref (or, equivalently, the phase characteristic of GEP(s)) 
results in a phase lag, with negative values for the phase. This phase lag characteristic has been plotted 
in Figure 3 with a positive value, to make it easier to compare with the required phase lead 
compensation of the PSS transfer function that should compensate the phase lag of GEP(s).  

The frequency response test could not be performed at a very low load, and was performed with the 
unit dispatched near 50% of its load, due to emissions control and limits on how long the unit could 
operate at such low loads. Once again, the measurements result in phase lag characteristics (negative 
phase angles) that are plotted in Figure 3 with a positive sign.  

A comparison of the simulated and measured phase characteristics show a very good agreement for 
frequencies above 0.6 Hz, with the exception of the measured points near the resonance with the local 
mode of oscillation for this unit, around 1.3 Hz. On the other hand, the field measurements resulted in 
significant additional phase lag for lower frequencies (below 0.6 Hz), as much as 25 degrees at 0.2 Hz.  

Considering the requirement that the PSS phase compensation should be within +/– 30 degrees of the 
requirement, this difference of 25 degrees at 0.2 Hz is very significant. This difference is sufficient to 
modify the effectiveness of the PSS in providing damping at the lower oscillation frequencies 
associated with inter-area modes, the fundamental objective behind this proposed Regional Variance.  
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Figure 3 – Practical Example of the Measurement and Simulation of the PSS Phase Compensation Requirement 
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Western Electricity Coordinating Council Policy Statement on Power System Stabilizers 



WESTERN ELECTRICITY COORDINATING COUNCIL
POLICY STATEMENT ON POWER SYSTEM STABILIZERS

Technical studies and operations experience support a continuing need for power system stabilizer (PSS)
(supplementary excitation control) to improve dynamic operation and allow non-oscillatory attainment of desired
loading levels in the western interconnected power system.  It is necessary for large numbers of these devices
to be available for operation in the WECC in order to provide the required system damping while allowing for
some of them to be out of service.  Accordingly, the following requirements are adopted:

1. The following criteria shall be used to determine when a PSS shall be installed on a synchronous generator,
regardless of ownership, that is connected to the transmission system (by generator step-up transformer to
60 kV or higher voltage):

a) A PSS shall be installed on every existing synchronous generator that is larger than 75 MVA and is
equipped with a suitable excitation system as defined in the report “Criteria to Determine Excitation
System Suitability for PSS”, dated December 1992 (available on WECC Website, www.wecc.biz).

b) A PSS shall be installed on every existing synchronous generator that is larger than 30 MVA, or is part
of a complex that has an aggregate capacity larger than 75 MVA, if the excitation system is updated so
that it becomes a suitable excitation system as defined in the report mentioned in 1a above. This
section applies to all machines whose excitation system is updated at any time after November 18,
1993.

c) A PSS shall be installed on every synchronous generator that is larger than 30 MVA, or is part of a
complex that has an aggregate capacity larger than 75 MVA, and is equipped with suitable excitation
systems as defined in paragraph 1a, and is commissioned after November 18, 1993.

d) A PSS is not required on a station service generator.

2. When a generator that is equipped with a functional PSS is on line, the PSS shall be in operation except for
the following reasons:

a) Maintenance and testing
b) PSS exhibits instability due to nonstandard transmission line configuration
c) PSS does not operate properly due to a failed component
d) Unit is operating in the synchronous condenser mode (very near zero power level)
e) When a unit is generating less power than its design limit for effective PSS operation
f) When a unit is passing through a range of output that is a known “rough zone”

The aggregate MVA of the synchronous machines that are on line and equipped with a functioning PSS
shall not fall below the level identified in the most recent power system stabilizer study commissioned by the
WECC.

3. When a synchronous generator that is equipped with a PSS is operating in the pump mode (P/G unit), and
is connected to a transmission system such that the PSS does not produce negative damping, the PSS
should be in service.

4, PSS equipment shall be tested and calibrated in conjunction with AVR testing and calibration.  This will be
done as often as is necessary to maintain reliable PSS performance in accordance with the “WECC PSS
Tuning Criteria” (available on WECC Website, www.wecc.biz).  PSS recalibration must be performed if AVR
response parameters are modified.  When a PSS is taken out of service because of a failed component, the
party responsible will be expected to perform the needed repairs (or replacement) in a responsible and
timely manner.

5. A PSS is not required for a synchronous condenser.

Approved by TSS on January 11, 2002

Approved by PCC on March 1, 2002

Approved by OC on February 28, 2002

Approved by BOT on April 18, 2002
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WECC Power System Stabilizer Tuning Guidelines

Forward

This document is not intended to be a detailed tuning procedure for a specific piece
of equipment.  The intent is to meet the inter-area needs of WECC; local system
needs may dictate additional requirements.  It is intended for the experienced tuning
engineer as the minimum criteria needed to tune a PSS.  A detailed tuning
procedure should be developed for the specific PSS being tuned.  This guideline is
meant to be an aid in the development of the tuning procedure.

Background

The basic intent of adding a Power System Stabilizer (PSS) is to enhance damping
to extend power transfer limits. The very nature of a PSS limits its effectiveness to
small excursions about a steady state operating point. The small excursions about
an operating point are typically the result of an electrical system that is lightly
damped which can cause spontaneous growing oscillations, known as system
modes of oscillation.

Enhanced damping is required when a weak transmission condition exists along with
a heavy transfer of load. In the WECC, inter-area modes of oscillation occur between
0.1 and 1.0 Hz. with the predominant mode at approximately 0.3 Hz.

A PSS works in conjunction with the excitation system of a synchronous machine to
modify the torque angle of the shaft to increase damping. The performance of the
excitation system is critical in the overall capability of a PSS. Tuning of a PSS shall
only be accomplished after the excitation system has been tuned and calibrated.

On new equipment, PSS may be software incorporated in digital automatic voltage
regulators. AVR terminal voltage and current measurements are used to compute
accelerating power and synthetic speed (integral of accelerating power). PSS cost
can be low if PSS is required in competitive power plant procurement specifications.
Procurement specifications should include requirement for tuning during
commissioning and a requirement for stability program model and data.

Objective

PSS typically utilizes phase compensation and adjusting phase compensation is the
main task in PSS tuning. Phase compensation is accomplished by adjusting the PSS
to compensate for phase lags through the generator, excitation system, and power
system such that PSS provides torque changes in phase with speed changes.
Tuning should be performed when system configurations and operating conditions
result in the least damping.  Verification should demonstrate that instability is not
introduced through normal operating ranges as well as expected faults.



Items of concern

PSS benefits to the WECC system are significant, however, there is potential for
equipment damage. Some areas of concern are:

•  PSSs are manufactured as both analog and digital types. Testing methods
may not be identical with both types of PSSs.

•  PSS modification of torque angles by varying excitation can excite turbine
generator shaft torsionals where shaft torsionals are less than 20 hertz. This
is especially true for PSSs that utilize speed as input. Typically torsional filters
are used to remove the torsional contribution to the input to the PSS.

•  PSS output can interfere with transient response of excitation systems.
Therefore output limits are usually incorporated in the PSS scheme.

•  PSS can interact with underexcitation limiters. Thus the limiters must be
tuned to work in conjunction with the PSS.

•  Rapid load changes can result in large VAR swings from PSS response that
utilize electric power. Upgrading to type 2 PSS input (integral of accelerating
power) may solve this problem.

PSS Input Types

PSS are designed with various types of inputs. They include speed, frequency,
power, accelerating power and integral of accelerating power.  The PSS may derive
these quantities from generator terminal voltage and current measurements.
Current practice is to digitally derive a synthetic speed measurement (integral of
accelerating power) from generator terminal voltage and current measurements.

PSS Tuning

The tuning of PSS differs based on the type of input. However, in general tuning of
PSS consists of the following:

Verifying the functionality of all aspects of the PSS equipment.

This includes the compensating features, limits, and protections. All
potentiometers, if so equipped, should have smooth and continuous control
throughout their range.

PSS Output Limiter

Set output limits so that PSS cannot move generator terminal voltage beyond
a predetermined value. Typical range of settings is from ±5% to ±10% of
rated generator terminal voltage.  Asymmetrical limits may be employed.

Protection and Alarms

PSS output protection should be coordinated with the output limiter. Since the
output limiter provides a wider range of signals than can be tolerated in



steady-state operation, several methods may be used to obtain security from
driving the excitation system beyond the normal operating limits. These
methods include voltage-sensitive switches, auxiliary timing circuits and
limiter meters.

The voltage sensitive switch usually measures generator terminal voltage and
disconnects the PSS signal from the excitation system when the terminal
voltage exceeds a preset limit. The auxiliary timer method uses a circuit to
monitor the PSS output level, and if the level exceeds a preset limit for a
given time, the PSS signal is removed from the excitation system.

If protection removes the PSS from service an alarm should actuate.

Washout

There is an interrelationship between the phase compensation and the
washout time constant. Short washout time constants provide additional
phase compensation in frequency-based PSS at the lower frequencies while
dramatically reducing the gain.

A washout time constant of 10 seconds or less is recommended to quickly
remove low frequency components (below 0.1 Hz) from the PSS output.  The
smaller time constant will reduce the influence on the system voltage from the
PSS during any sustained/extended frequency deviation (i.e., loss of
generation), especially if the PSS has a high gain setting.

Phase Compensation

Identify inter-area modes of oscillation. Measure generator and excitation
system response without PSS. Tune PSS to provide as close to 0 degrees of
phase shift as possible at the inter-area frequency or frequencies.

If local stability concerns require PSS settings resulting in an inter-area phase
shift other than zero, the setting shall in no case result in a phase shift in
excess of 30 degrees at inter-area modes.

The PSS provides substantial phase shift so that the electrical torque
provided by the generator is approximately in phase with speed.  The goal is
to eliminate phase lag as best as possible throughout a wide range of
frequencies of interest, then adjust gain as outlined below.

Gain Test

A gain as high as practicable is required for best contribution to system
damping. Since the maximum gain that is safely usable depends upon many
factors, it is best determined by test. The gain test shall be performed under
operating conditions that result in maximum overall system gain so that the
true gain margin is identified. Generally, this occurs with the unit loaded to at



least 80% of full load. If shaft torsionals are of concern, the torsionals shall be
monitored during the gain test.

A test for the maximum safely usable gain may be made with the PSS fully
operative and either PSS output, field voltage, or generator terminal voltage
deviation being recorded, by slowly advancing the gain until a small rapid
oscillation, usually in the frequency range from 1 to 3 hertz, is just sustained
or growing. High initial response systems may oscillate at 4 to 8 hertz. Record
per unit gain at this point. For good stability of the control loop, the gain
should be reduced to 1/2 to 1/3 of this value. In this determination of gain,
care must be taken that the PSS signal is not being clipped by the limits.
Noise in the control signal increases as the gain is increased. If they should
reach the point of being clipped by the limits before the oscillation is
sustained, influence of the PSS is diminished and a false indication of
allowable gain will result. In severe cases, the limits may so nullify PSS action
that no oscillation can be produced. If a sustained oscillation cannot be
obtained because of large blocks of parallel generation not controlled by PSS,
then set the gain to 1/2 the point of clipping.

It’s difficult to test effectiveness and optimal gain for interarea oscillations.
Special tests and signal processing, however, may be devised for certain
large units at critical locations. It’s generally not possible to test for
robustness under stressed conditions including major outages; therefore it is
strongly recommend that the optimal gain and effectiveness of the PSS be
validated by simulation.

Commissioning Tests:

Perform an impulse response by injecting a large signal into the AVR (5-10%)
and identify local mode damping.  Verify local mode oscillation damping has
improved, or, at a minimum, has not been degraded.

Additionally, non-take over type underexcitation limiters (UEL) must be
coordinated with the PSS to ensure stable performance during limiter
operation.  After the gain is set, underexcite the machine until the UEL
becomes active and perform a step and/or an impulse response test while
monitoring the output power  (MW).  Ensure that the UEL is not interacting
with the PSS in such a way that the damping level is reduced or instability is
observed (since the PSS reduces the gain margin in the UEL control and vice
versa).  If instability is observed, retuning of the UEL or PSS is required.
Coordination should be performed with all appropriate limiters in the AVR.



Appendix A:  Simplified Power System Stabilizer Tuning
Procedure for Hydro Units with Static Exciters

This procedure assumes that the unit in test will remain stable when the Power System
Stabilizer is removed from service.

1. Attach equipment as indicated in Figure 1. Disconnect the Power System Stabilizer
(PSS) from the Automatic Voltage Regulator (AVR) summing junction. Perform a
frequency response of the terminal voltage (Vt) vs. Vsignal with the unit at full load.
See Figure 7 for an example result of a machine equipped with a static exciter.

2. From the Vt frequency plot, establish the phase delay of the exciter and generator (for
example 154o at 0.4Hz).

3. Tune the Washout and PSS to provide phase lead in the frequency range of 0.1Hz to
1.0Hz equal the phase lag of Vt. The phase lead angle is equal to 90o+180o--26o=296o

or –64o. 90o is derived from Pe lagging the terminal voltage by 90o. The 180o is to
compensated for the –1 of the PSS.

4. Turn the gain of the PSS to near 0. Synchronize the unit. Ensure that the PSS output
is not connected to the AVR summing junction (test switch 2 is open).

5. Perform a frequency response of Pe vs. Vsignal. This will indicate the frequency of the
local mode oscillation. However this will not indicate the inter-area oscillations, as
they are very difficult to excite with a single machine connected to a very strong bus.

6. Now that the local mode phase and frequency are known with the help of pole-zero
placement techniques, the PSS settings can be calculated.

7. Use a modeling program or equivalent mathematical program to verify PSS settings
are going to result in the proper phase in the inter-area (0.1Hz to 1.0Hz), and provide
indication of the local mode damping.

8. Apply settings to PSS with gain turned down. Ensuring test switch 2 is open. Connect
test equipment to the PSS, replacing the Watt Transducer output (PSS input) with
Vsignal. Connect the PSS output to test equipment as in Figure 2.

9. Compare the frequency response of the model and actual equipment (Figure 4) to
ensure correct operation of the PSS. Note the –1 illustrated in the model is sometimes
achieved by reversing the output of the watt transducer, or by reversing the PT/CT
connection to the watt transducer.

10. Reconnect the watt transducer to the PSS. With the machine on-line at a reasonable
loading, connect the PSS (test switch 2).



11. Slowly increase the PSS gain until Pe begins to oscillate. Turn the gain down to 1/3.

12. Replace Vsignal with a variable isolated DC source. Adjust the DC source to provide a
step in Vt equivalent to 0.5% change.

13. Close test switch 1 while monitoring Pe (Figure 5). If unit starts to become unstable,
remove PSS from service (open test switch 2).



Figure 1

Figure 2
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PSS Frequency Response
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Step Response of PSS
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Pe vs Vsig  With and Without PSS
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Vt vs. Vsig Without PSS
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WECC Submission:

Model Verification:

PSS Frequency Response
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Figure 8 Model Verifcation



IEEEST Model for WECC

Figure 9 IEEEST Model

PSS/E
Bus No. Bus Name MODEL ID T1 T2 T3 T4 T5 T6 Ks Lsmax Lsmin Tdelay
6021 KCL G1  13.8 IEEEST 1 0.00 0.00 0.00 0.75 1.00 4.20 -4.10 0.10 -0.10 0.00
6022 KCL G2  13.8 IEEEST 1 0.00 0.00 0.00 0.75 1.00 4.20 -4.10 0.10 -0.10 0.00
6023 KCL G3  13.8 IEEEST 1 0.00 0.00 0.00 0.75 1.00 4.20 -4.10 0.10 -0.10 0.00
6024 KCL G4  13.8 IEEEST 1 0.00 0.00 0.00 0.75 1.00 4.20 -4.10 0.10 -0.10 0.00

Figure 10 Model Parameters
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- 1.0 PURPOSE 

-

-

In evaluating the list of machines 75 MVA and above that are not equipped with 
Power System Stabilizers (PSS), YSCC System Review York Group (SRYG) encountered 
some YSCC members who rep.orted that their exciters were "not fast enough" to 
warrant installation of PSS. The "not fast enough" terminology raised questions 
regarding the need for a definitive criterion to. address whether or not an 
excitation system is fast enough to be suitable for PSS. The Modelling 'Working 
Group (MWG) was given the assignment to develop a criterion to assess whether an 
excitation system is fast enough for PSS installation. This report presents the 
results of the investigation. 

' 

2.0 CONCLUSIONS AND RECOMMENDATIONS 

2.1 Concluslons 

The combination of the generator, the excitation system, and the power system 
(GEP) to which the generator is connected is considered to be too slow to justify 
PSS installation if the closed loop GEP phase lag between machine terminal 
voltage and voltage regulator reference input (aEt/aEret> exceeds that of the 
following third order benchmark system in the frequency range of interest (0.1 
to 1.0 Hz). 

(6 .28)3 
T(8) = -.----..,...;..--.....:...---~ 

(8+.628) (8+6.28) (8+62.8) 
(1) 

The magnitude and phase of the benchmark system are shown in Figure 1. The 
benchmark system has a phase lag of 135° at 1.0 Hz. 

Conversely, if the phase lag of GEP is less than that of the benchmark system in 
the frequency range of interest, the generator should be considered suitable for 
PSS that is, if GEP phase lag curve falls above T(s) phase lag curve in Figure 
1, then the generator is considered suitable for PSS. 

It should be noted that PSS suitability of the generator based upon the above 
criteria does not necessarily justify PSS installation irrespective of the cost. 
There are several other factors such as size of the unit, capacity factors and 
cost of retrofitting which should be given due consideration. 

1 



2.2 Recommendations 

The modelling work group recommendations are as follows: 
1. All existing generators of 75 MVA or larger should be considered for PSS. 
2. All new machines with continuously acting voltage regulators should be 

considered for PSS. 
3. If the phase lag of 8EJ8Eref (closed loop) is larger than the phase lag of 

the benchmark system defined by equation (1), then the combined system 
(GEP) is considered to be too slow for PSS installation. Conversely, if 
the combined system phase lag is less than that of the benchmark, the 
combined system is judged suitable for PSS considerations. 

I 

4. The frequency range of interest for PSS suitability considerations is from 
0.1 Hz to 1.0 Hz. 

5. The phase lag of the GEP should be either directly measured or should be 
calculated from programs such as EPRl's Small Signal Stability Program 
(SSSP). The measured data is preferable whenever possible. 

3.0 BACKGROUND 

• PSS is needed to neutralize the negative damping action of voltage 
regulators. 

• High gain, fast acting voltage regulators create negative damping, but the 
same voltage regulators are also most suitable for PSS. 

• High gain and fast acting are relative terms. There is no precise 
definition. IEEE Standards 421.2-1990 defines the high initial response 
system. 

• High initial response systems are defined as those with voltage response 
time of 0.1 or less. 

• Ignoring the precise definition, a high initial response or a fast acting 
excitation system is that where generator main field can reach its maximum 
value within 0.1 seconds of demand. 

• The 0.1 seconds is not a hard limit and many exciters with larger response 
time are generally fast enough for PSS purposes. 

• Examples of very fast acting excitation systems are: 
Static excitation systems 
ALTHYREX excitation systems 
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In these systems, the voltage regulator is used to control the firing 
angle of thyristors. There is negligible delay in reaching the desired 
field voltage. 

• Examples of frui.t acting excitation systems are: 
Westinghouse brushless excitation systems 
General Electric SCPT excitation systems. 

In these regulators, an additional time constant of alternator is 
involved. The voltage regulator controls excitation of the alternator 
which, in turn, controls the main generator field. 

• Examples of relatively ~ excitation systems are: 
Amplidyne regulator excitation systems 
MAG-A-STAT regulator excitation systems 

These systems are comprised of at least two additional time constants 
other than the generator main field time constant. The frequency response 
is characterized by steep phase and gain decay past 1 to 2 Hz range. 
Generally, these systems do not create any significant undamping due to 
voltage regulator action. 

4.0 STUDY RESULTS 

Industry experts were contacted and a limited literature review was conducted to 
find if there exists any such criteria which can define an excitation system's 
suitability for PSS. No such criteria was found. 

• WSCC' s interest in PSS is primarily for the damping of low frequency 
intertie mode in the frequency range of 0.1 Hz to 1.0 Hz. PSS on almost 
any excitation system (slow or fast) can contribute some positive damping 
at these low frequency modes when PSS is tuned properly. 

• Effective damping contribution of PSS depends upon many factors in 
addition to the type of excitation system. Some of these are: 
• Unit size (MVA) 
• Unit inertia (H) 
• Type of PSS signal (speed, frequency, accelerating power) 
• Frequency of oscillations 
• Location of the unit in the interconnected system 

• A more appropriate question would be how effective a PSS is effective 
enough to justify the cost. In other words, how much positive damping 
should it contribute for it to be cost effective. 
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• An individual unit contributes very little to the overall damping of 
intertie mode. It is practically impossible to determine the incremental 
damping using time simulation stability studies. 

• A more appropriate tool to determine the incremental contribution to the 
damping is an eigenvalue study. Even then, the incremental damping due to 
PSS on a unit is generally a very small number due to large interconnected 
system and depends heavily on the system and loads represented. 

4.1 Absolute Damplna 

To establish uniformity of criteria, the damping calculations are made on two 
benchmark systems shown !n Figure 2. Most eigenvalue studies were conducted 
using the benchmark system #l of Figure 2 with the parameters listed below. 

• Unit MVA varied from 50 to 1000 
• Unit Inertia Constant (H) varied from 1 to 3 
• Type of PSS input signal (speed, frequency) 
• Type of exciter (AC4, DCl) 
• System Inertia 
These study results are tabulated in Table 1. 

The absolute damping from Table 1 have been plotted in Figures 3a to 3d as a 

-

function of unit inertia and unit MVA. It is seen that PSS contribution to .._.. 
damping varies greatly as a function of many of the factors listed above. 

4.2 Relative Damping 

In an effort to reduce the variation of PSS damping contribution, a new method 
called Relative Damping Contribution (RDC), was used to study PSS suitability. 
Relative damping contribution is relatively independent of the size and inertia 
of the interconnected system and is a measure of the relative contribution of the 
PSS on the study unit. RDC is defined as follows: 

E•Y• + Eunit 
RDC • /;.a aba X -----

Eunit 

Yhere /laaba - Change in damping of the intertie mode due to PSS (rad/s) 
E•Y• - Stored energy (MWS) of the system not including the study 

unit. 
Eunit - Stored energy (MWS} of the study unit. 

• Figure 4a shows impact of unit MVA with inertia constant "H" fixed at 3 
pu. Three curves are shown for different input signals and different type 
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of exciters. RDC for some is seen to decrease, for others, seen to 
increase and for yet others stay relatively constant with unit size. The 
RDC varies from a high of .07 rad/s to a low of .03 rad/s. 

Figure 4b shows the impact of unit inertia constant "H" on RDC for various 
parameters. In each case, the inertia is seen to have a significant 
impact on RDC. The smaller the inertia, the smaller is RDC. The graph 
suggests that PSS may not be cost effective on units with relatively small 
inertia. 

• Figure 4c shows the•impact of varying study machine inertia with system 
inertia reduced to 1/4 of the benchmark case value. The oscillation 
frequency doubles to around 0.85 Hz and the RDC values are much larger 
than those in Figures 4a and 4b. The increased RDC values are due to 
increased effective PSS gain at the higher oscillation frequency. The 
0. 44 Hz frequency case RDC values from Figure 3 are also shown for 
comparison. 

• Selected eigenvalue studies were also conducted using the Benchmark System 
#2 in Figure 2. Once again, inertia was varied. Surprisingly, for this 
system, the RDC values are much larger than for the Benchmark System #l 
and the RDC values reduce with increased inertia. These results are shown 
graphically in Figure 4d and are tabulated in Table 1. 

Based upon study results summarized above, it is concluded that RDC values vary 
greatly depending upon the system and its inertia, excitation system and type of 
PSS input signal. 

4.3 Phase Lag Criteria 

A much simpler approach of determining the PSS suitability based upon phase lag 
of GEP (generator excitation system and the power system combined) was 
investigated. The combined system closed loop transfer function which PSS has 
to work through is denoted as GEP(s) and is discussed in detail in Reference 1. 
GEP(s) is given by: 

K BE 
GEP(s) • 2(--t. ) 

K6 BEre! 

Et. is the generator terminal voltage and Er•f is the voltage regulator reference 
input. K2 and K6 are constants and depend upon the operating point (generator 
loading and system strength). K2 and K6 are constants for a given unit loading 
and the power system. 
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For PSS to be effective, it must overcome the phase lag of aEt1aEr•! in the 
frequency range of interest (0.1 to 1.0 Hz). A typical second order PSS 
frequency response is shown in Figure 5. It produces a peak phase compensation 
of 110° for lead-lag ratio of 10. A more typical value is a lead-lag ratio of 
6 with a peak phase compensation of 100° The phasor diagram below shows the 
relationship between various quantities of interest. For practical purposes, the 
phase between PSS input signal (APSS) and torque due to PSS (ATq) is the same as 
that between AEaet and AEt (Ref. 1). For typical speed or frequency input PSS, 
the PSS signal would usually provide 90° to 100° lead represented by the phasor 
APSS as shown in the phasor diagram below. 

6T (Due to PSS) 
q 

The angle P represents lag of aEt/aEref and positions the torque component due to 
PSS input. For most effective PSS, ATq should be in phase with Aw. However, 
xeasonable effective damping may still occur as long as the angle a is less than 
45°. For a greater than 45• PSS effectiveness starts to reduce fast. It would 
thus be reasonable to say that for PSS to be effective, the phase lag between ATq 
and APSS which is the same as the phase of aEt/aEr•f should be less than 135°. 

One complication to this simple approach is that both PSS(s) and aEtfaEref phase 
lags are functions of frequency. Thus, specifying phase at one given frequency 
may be too simplistic. Since our highest frequency of interest for PSS 
application is 1.0 Hz, it would be reasonable to propose a maximum phase lag of 
135° at 1.0 Hz. 

A simple third order transfer function with corner frequencies at 0.1, 1.0 and 
10.0 Hz is used as a benchmark for determining PSS effectiveness. The transfer 
function is shown on next page and its frequency response is shown in Figure 1. 
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T(s) • (6.28)3 
(S+.628)(S+6.28)(S+62.8) 

(1) 

The proposed criteria is as follows: 

If the phase lag of 8Etf8Er•f (closed loop) is larger than the phase lag of 
the benchmark system defined by equation (1), then the combined system is 
considered to be too slow for PSS installation. Conversely, if 8Et;/8Er•f 
phase lag is less than that of the benchmark, the combined system is 
judged suitable for PSS considerations. 

I 

The main advantage of such a criteria is that it is very simple to understand and 
apply. BEtfBEref can be easily measured or can be calculated using program such 
as EPRI's Small Signal Stability program (SSSP). The main disadvantage of this 
approach is that unlike previously discussed methods, it does not give any 
quantitative answer to PSS effectiveness. 

4.4 Application of Phase Lag Criteria 

An example of how the criteria can be applied follows. A measured 8Et/8Er•f for 
a 250 MVA unit with Westinghouse brushless exciter system in a strong system 
environment is compared with the proposed T(s) in Figure 6a. It is clearly seen 
that BEt/BEr•f phase lag is less than T(s) phase lag in the frequency range of 
interest (0 .1 to 1 Hz). Thus, this system would be considered suitable for PSS. 
Notice that phase has a large dip near 1.6 Hz due to local mode. This is very 
typical for a heavily loaded unit and BEtfBEref phase lag at the local mode should 
not be used as a criteria for PSS. 

Figure 6b compares 8Et.f8Eref phase to T(s) phase for a relatively slow excitation 
system. Comparison indicates that this system is inferior to the benchmark 
because 8Etf8Eref phase lag exceeds T(s) phase lag in the frequency range of 
interest and, hence, the system will not be suitable for PSS. 

The proposed criteria should not be considered as absolute. Actual frequencies 
of interest, PSS settings, and type of input signal have significant impact on 
how much damping will be contributed by PSS on a particular unit in a particular 
environment. Figs. 7a, 7b, and 7c show the combined open loop frequency response 
of the proposed benchmark system with three different PSS settings. It is seen 
that the phase lags vary widely. Figµre 7a shows relatively flat phase in 0.1 
to 1.0 Hz range. Figure 7b shows a response which is less flat but has a wide 
bandwidth and 7c shows significant phase lag for frequency higher than 0. 5 Hz but 
stays flat between 0.5 to 2.0 Hz. 
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There is another factor which is not directly covered by this criteria. That is 
the gain of 8EJ8Eret:· Usually systems which have large phase lag in the 
frequency range of interest also show a large attenuation and, thus, PSS 
effectiveness for systems with large phase lags would be even lower due to gain 
considerations. Thus, the proposed criteria does indirectly account for the gain 
of the combined system. 

5.0 STUDY DETAILS 

All studies were conducted using an eigenvalue program from Power Math Associates 

called SSR/EIGEN. 

5.1 System Representation 

Two benchmark systems have been studied. Benchmark System #l representation is 
shown in Figure 2a. The study machine data is taken from a typical 900 MVA unit 
in WSCC system. The impedances and X/R ratio are for typical 500 kV lines. The 
Benchmark System #2 representation is shown in Figure 2b. 

5.2 Excitation System Representation 

The types of excitation systems have been studies. Figure Sa shows a typical AC4 
type excitation system. Figure Sb shows a typical DCl type excitation system. 

5.3 PSS Representation 

Power system stabilizer was represented by a two-stage lead/lag circuit with a 

washout stage as shown in Figure S. The lead/lag time constants were fixed at 
0.2 and 0.02 seconds throughout the study. 

5.4 Input Signals 

Two kinds of PSS input signals were used, speed and frequency. These are the 
most commonly used PSS input signals. Another commonly used s:f.gnal is 

accelerating power which was not used in these studies. 

5.5 Study Method 

There are a large number of variables and studying all of them would have been 

out of scope of this study. Therefore, a selected number of variables were 
chosen to investigate the application of the method. PSS optimization consisted 

of optimizing PSS gain only. The gain optimization consisted of first finding 
the PSS instability gain. This was done by increasing the PSS gain until the PSS 

eigenvalue became unstable. The optimum PSS gain was taken as one-third of the 
instability gain. 

PSS's contribution to damping was calculated by running a case with zero PSS gain 
and comparing the real parts of intertie mode from the one-third of instability 
gain case to the zero PSS gain case. 

s 
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5.6 Sample Run 

A sample eigenvalue case is attached as Exhibit 1. 
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TABLE-1 --
l , 

(Benchmark System 1) 
SPEED DEV INPUT PSS EXCITER TYPE AC-4 

CASE Esys Study M/C Sigma For Case DeltaSlgma Freq 
II MWS MVA H NO PSS WITH PSS Absolute RDC (Hz} 

1 35000 1000 3 -0.000405 -0.005466 0.005061 0.064106 0.44 
2 35000 500 3 -0.000071 -0.002150 0.002080 0.050601 0.44 
3 35000 250 3 0.000191 -0.000742 0.000933 0.044473 0.44 
4 35000 100 3 0.000375 0.000034 0.000341 0.040124 0.44 
5 35000 50' 3 0.000440 0.000274 0.000167 0.039080 0.44 

1 35000 1000 3 -0.000405 -0.005466 0.005061 0.064107 0.44 
7 35000 1000 2 0.000135 -0.001826 0.001961 0.036284 0.44 
8 35000 1000 1 0.000441 0.000170 0.000271 0.009760 0.44 

FREQUENCY INPUT PSS EXCITER TYPE AC-4 

CASE Esys Study M/C Sigma For Case . DeltaSlgma Freq 
II MWS MVA H NO PSS WITH PSS Absolute RDC (Hz} 

9 35000 1000 3 -0.000405 -0.003217 0.002812 0.035619 0.44 
10 35000 500 3 -0.000071 -0.001512 0.001442 0.035077 0.44 
11 35000 250 3 0.000191 -0.000552 0.000743 0.035421 0.44 
12 35000 100 3 0.000375 0.000074 . 0.000301 0.035372 0.44 -13 35000 50 3 0.000440 0.000288 0.000153 0.035806 0.44 

9 35000 1000 3 -0.000405 -0.003217 0.002812 0.035620 0.44 
14 35000 1000 2 0.000135 -0.001299 0.001434 0.026535 0.44 
15 35000 1000 1 0.000441 0.000152 0.000289 0.010418 0.44 

FREQUENCY INPUT PSS EXCITER TYPE DC-1 
CASE Esys Study M/C Sigma For Case DeltaSigma Freq 

II MWS MVA H NO PSS WITH PSS Absolute RDC (Hz} 
16 35000 1000 3 -0.000161 -0.003082 0.002922 0.037006 0.44 
17 35000 500 3 0.000007 -0.001722 0.001729 0.042072 0.44 
18 35000 250 3 0.000216 -0.000732 0.000948 0.045197 0.44 
19 35000 100 3 0.000382 -0.000022 0.000404 0.047490 0.44 
20 35000 50 3 0.000443 0.000235 0.000209 0.048919 0.44 

16 35000 1000 3 -0.000161 -0.003082 0.002922 0.037006 0.44 
21 35000 1000 2 0.000268 -0.001385 0.001653 0.030579 0.44 
22 35000 1000 1 0.000489 -0.000015 0.000504 0.018154 0.44 
19 35000 100 3 0.000382 -0.000022 0.000404 0.047490 0.44 
23 35000 100 2 0.000456 0.000232 0.000224 0.039406 0.44 
24 35000 100 1 0.000496 0.000430 0.000066 0.023226 0.44 
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Table- 1 Continued) 

. __ .. 

(Benchmark System II 1 Results Continued) 

FREQUENCY INPUT PSS EXCITER TYPE DC-1 
CASE Esys Study MIC Sigma For Case DeltaSlgma Freq 

II MWS MVA H NO PSS WITH PSS Absolute RDC (Hz) 
25 8750 100 3 -0.000823 -0.006814 0.005991 0.180729 0.85 
26 8750 100 2 0.0008619 -0.002209 0.003071 0.137423 0.85 
27 8750 100 1 0.001734 0.0008777 0.000856 0.075783 0.85 

I 

28 35000 100 3 -0.00044 -0.00191 0.001470 0.172970 0.85 

' 

Benchmark System 2 

FREQUENCY INPUT PSS EXCITER TYPE DC-1 
CASE Esys Study M/C Sigma For Case DeltaSlgma Freq - II MWS MVA H NO PSS WITH PSS Absolute ADC . ~Hz) 

31 140000 100 3 -0.058750 -0.060021 0.001271 0.594404 0.43 
32 140000 100 2 -0.058780 -0.059780 0.001000 0.701000 0.43 
33 140000 100 1 -0.058800 -0.059360 0.000560 0.784560 0.43 

34 35000 100 3 -0.234900 -0.243000 0.008100 0.953100 0.85 

NOTES: 1. RDC=Absolute DelSfg• ((Esys+Eunlt)/Eunlt) 
2. For Cases 25,26,27 Tie Bus M/C MVA=2500 
3. For Case 28 Tie Line Imped Reduced by 4 
4. For Cases31,32,33 Tie Bus MVA=40000 
5. For Case 34 Tie Bus MVA Reduced To 10000 

-
11 
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3·13·92 
PSS Effectiveness Study For Modeling Vork Group 

MVA=100 ' H•1 

SYSTEM BASE MVA 100.0 HFAC 1. XC INCREMENTED THROUGH 0 STEPS 

GENERATOR 1 HAS A T\IO AXIS MODEL, IS NAMED GEN1 
HVA 100.0 XL 0.1300 RA 0.0019 

AND CONNECTED TO BUS GEN1 
VT 1.0000 DEL 8.5000 

VOLTAGE REGULATOR OUTPUT NAMED VFU1 
XD 1.760 XDP 0.220 XDPP 0.175 TDOP 4.200 TDOPP 0.032 
XQ 1.680 XQP 0.400 XQPP 0.175 TQOP 0.600 TQOPP 0.066 

MECHANICAL SYSTEM IS 
HASS 1 J 

1 HASS CLASSIGAL, GENERATOR IS 1, EXCITER IS 1 
2.0000 D O.OOOOOE+OO 

GENERATOR 2 HAS A SIMPLE MODEL, JS NAMED INFBUS AND CONNECTED TO BUS INFBUS 
HVA 100.0 XL 0.0000 RA 0.0000 VT 1.0000 DEL O.ODOO 

GENERATOR 3 HAS A SIMPLE MODEL, IS NAMED TIEBUS AND CONNECTED TO BUS TIEBUS 
MVA 9999.0 XL 0.1000 RA 0.0100 VT 1.0000 DEL 0.0000 

MECHANICAL SYSTEM IS 
HASS 1 J 

1 HASS CLASSICAL, GENERATOR IS 1, EXCITER IS 1 
7.0000 D O.OOOOOE+OO 

BRANCH DATA 

I FROM TO XL R xc 
BUS BUS 

1 GEN1 HIGH500 0.15000 0.00000 0.00000 
2 HIGH500 INFBUS 0.05000 0.00250 0.00000 
3 HIGH500 TIEBUS 0.02000 0.00100 0.00000 
4 JNFBUS 0.00000 0.01000 0.00000 

RESULTS FROM YHAT: NODE, COMPLEX VOLTAGE, CURRENT, AND POVER 
GEN1 1.713 0.2560 1.558 0.1226 0.9000 
INFBUS 1.732 O.OOOOE+OO 172.8 ·0.3502E·01 99.74 
TIEBUS 1.732 O.OOOOE+OO ·1.113 ·0.8755E·01 ·0.6424 

COMPUTED MACHINE PARAMETERS ON THE SYSTEM BASE:· 

FOR MACHINE GEN1 , STEADY STATE FIELD CURRENT IS 2.0563 
Ld 1.760000 LF 1.725260 LD 1.720000 LAD 1.630000 
Lq 1.680000 LG 1 .• 876953 LQ 1.604000 LAG 1.550000 

·"-"' rd 0.190000E·02 rF 0.108962E·02 rD 0.149208E·01 
rq 0.190000E·02 rG 0.829795E·02 rQ 0.130218E·01 

INCR XC 

0.00000 
0.00000 
0.00000 
0.00000 

0.6295E·01 
0.2022E·01 
0.5055E·01 

EXHIBIT 1 
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EIGEN/SSR (OS/2 Version) : H\IG PSS STUDY 
Files: M\IGC1.dat & M\IGZ.aux 

MVA=100 H=1 EXCITATION Type= \ISCC·A (DC1) 

PSS lnput=Frequency PSS Gafn=1.71 ( 1/3·rd Inst Gafn) 

****** PAL100.BAT ******** RUN ON 3·13·1992 AT 11:26 

N EQUALS 19 

ROOTR ROOTJ ROOTR ROOTJ 
0.0004308Z 2.747Z0948 0.00043082 ·2.74720948 

·0.7872983Z 0.7345Z675 ·0.7872983Z ·0.7345Z675 
·1.00000000 

I 

24.14473Z13 ·2.315683ZO ·2.315683ZO ·24.14473Z73 
·2.958Z8698 376.93396058 ·2.95828698 ·376.93396058 
·5.49357252 

·16.16845157 18.86731404 ·16.16845157 ·18.86731404 
-18.975mo2 
·19.11602928 376.99116136 ·19.1160Z9Z8 ·376.99116136 
·28.97073Z43 
·69.97648Z95 2.95416821 ·69.97648Z95 ·2.95416821 

·19Z.47686559 

TIME FOR THIS DATA SET \IAS 0.07 MINUTES 
1 VFU1 1.15800E·3 EFDU1 
3 VRU1 400. o.oz ·TGRU1 ·VTU1 PSSU1 
3 EFDU1 .6667 .5333 VRU1 
4 TGRU1 .03 1.0 EFDU1 
1 VTU1 .577 GEN1VT 
5 PSSU1 1.71 .oz .2 LLGU1 
5 LLGU1 1.00 .oz .2 \ISOU1 
4 \ISOU1 1.00 1.00 GEN1FR 
4 GEN1FR.OOZ65 .005 GEN1TH 

., 
t 
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EIGEN/SSR (OS/2 Version) : M\IG PSS STUDY 

Files: MWGC1.dat & MWG2.aux 

MVA=100 H=1 EXCITATION Type= MSCC·A (DC1) 

PSS lnput=Frequency PSS Gain=O.O ( NO PSS CASE) 

****** PAL100.BAT ******** RUN ON 3·13·1992 AT 11:21 

N EQUALS 19 

ROOTR ROOTI ROOTR ROOTI 
0.00049617 2.74719061 0.00049617 ·2.74719061 

·0.78766041 0.73428038 ·0.78766041 ·0.73428038 
·1.00000000 
·1.50595726 22.06111436 ·1.50595726 ·22.06111436 
·2.95825088 376.9339m6 ·2.95825088 ·376.9339m6 
·5.49366107 

·19.11602928 376.99116134 ·19.11602928 ·376.99116134 
• 25. 93509745 10.58805510 ·25.93509745 ·10.58805510 
·31.23094562 2.67823436 ·31.23094562 ·2.67823436 
·50.00000000 
·50.00000000 

·200.00000000 

TIME FOR THIS DATA SET MAS 0.07 MINUTES 
1 VFU1 1.15800E·3 EFDU1 
3 VRU1 400. 0.02 ·TGRU1 •VTU1 PSSU1 
3 EFDU1 .6667 .5333 VRU1 
4 TGRU1 .03 1.0 EFDU1 
1 VTU1 .577 GEN1VT 
5 PSSU1 0.00 .02 .2 llGU1 
5 LLGU1 1.00 .02 .2 MSOU1 
4 MSOU1 1.00 1.00 GEN1FR 
4 GEN1FR.00265 .005 GEN1TH 

EXHIBIT 1 (con) 



. . 
• EIGEN/SSR (OS/2 Version) : M\IG PSS STUDY , 

Files: M\IGC1.dat & M\IG2.aux 

MVA=100 H=1 EXCITATION Type• \ISCC·A (OC1) 

PSS lnput=Frequency PSS Gain=5.13 ( INST GAIN) 

****** PAL100.BAT ******** RUN ON 3·13·1992 AT 11:24 

N EQUALS 19 

ROOTR ROOTI ROOTR ROOTI 
0.00030027 2.74724779 0.00030027 ·2. 74724779 

·0.01133703 29.46794079 ·0.01133703 ·29.46794079 
·0.78657350 0.73501835 ·0.78657350 ·0.73501835 
·1.00000000 
·2.95835889 376.93392579 -2.95835889 ·376.93392579 
·5.49339562 
·10~05562814 15.94679594 ·10.05562814 ·15.94679594 
• 16.44960286 
·19.11602928 376.99116141 ·19.11602928 ·376.99116141 
·29.01969293 
·63.46248782 

·119.56301604 
·168. 71710211 

TIME FOR THIS DATA SET WAS 0.07 MINUTES 
1 VFU1 1.15800E·3 EFDU1 
3 VRU1 400. 0.02 ·TGRU1 ·VTU1 PSSU1 
3 EFDU1 .6667 .5333 VRU1 
4 TGRU1 .03 1.0 EFDU1 
1 VTU1 .577 GEN1VT 
5 PSSU1 5.13 .02 .2 LLGU1 
5 LLGU1 1.00 .02 .2 USOU1 
4 USOU1 1.00 1.00 GEN1FR 
4 GEN1FR.00265 .005 GEN1TH 
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Standard Drafting Team Roster for Project WECC-0107 Power System Stabilizer Design 
and Performance 
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Below find a biographical snapshot for the members of the WECC-0107 VAR-501-WECC-03, 
Power System Stabilizer Drafting Team.1  

 

Alex Chua, 
Pacific Gas and 
Electric 

Mr. Chua is a subject matter expert for power generation systems.  He is 
currently working for Pacific Gas and Electric.  He has over 13 years of 
experience in the electrical industry and contributes to industry working groups 
organized by IEEE, NERC, and WECC. 

David 
Lemmons, Xcel 
Energy  

Mr. Lemmons began his career in the electric industry with Southwestern 
Public Service Company (SPS) in Amarillo, Texas, in 1989. He spent eight years 
in the rates and regulation department where he performed rate of return 
analyses, designed rates and worked with other regulatory issues.  

In 1997, Mr. Lemmons transferred to the energy trading department during the 
merger between SPS and Public Service Company of Colorado (PSCo). In this 
capacity, with Xcel Energy and its predecessor, New Century Energies, he 
analyzed the electric system loads and resources for day-ahead and real-time 
operations and trading — working with generation and fuel procurement to 
ensure resources were ready and available to serve loads. 

In 2001, Mr. Lemmons took the position of Senior Manager, Market 
Operations, representing Xcel Energy at electric reliability, RTO development 
and system operation meetings throughout the United States, as well as 
providing support for state and Federal regulatory proceedings. Mr. Lemmons 
has chaired the WECC-0083 BAL-002-WECC-1 Standard Drafting Team, the 
NERC Project 2007-12 Standard Drafting team and is a team member on the 
NERC Project 2010-14.1 Standard Drafting Team.  

In 2013, Mr. Lemmons took his current position, Senior Consultant, Standards 
Policy and Compliance. In this position, Mr. Lemmons is responsible for working 
with power plants to ensure compliance with Reliability Standards, train plant 
operators as needed and to represent Xcel Energy generation in the 
development of new standards. 

He holds a Master of Science degree in finance and economics from West Texas 
A&M University. 

                                            
1 Mr. Martin Bauer of the United States Bureau of Reclamation resigned from the drafting team on May 13, 2014.  
Mr. Waylon Bowers, United States Corps of Engineers resigned from the drafting team on April 14, 2015.  Mr. Guy 
Colpron of Idaho Power resigned from the drafting team on June 24, 2015.  Mr. Travis Dor of the Colorado Springs 
Utility is recorded as “inactive.”  
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Greg Anderson, 

Southern 
California 
Edison 

Mr. Anderson is the Subject Matter Expert for generation and excitation 
systems for the Southern California Edison Company.  He has over 33 years of 
experience in the utility industry, with responsibilities for coordinating WECC 
testing of generation assets.  He has been a WECC participant since 1997 and a 
member of the Control Work Group since 2003. 

John Amos, 

Siemens Wind 
Power 

Mr. Amos is the Head of Siemens Wind Power Engineering Americas.  He has 
worked in the power generation industry for almost 25 years including large 
turbine generator research, development and design, fossil power plant 
application engineering, and wind turbine engineering.  He has actively 
participated in IEEE, IEC, ANSI and several other standards and codes 
organizations in various capacities over the past 20 years (mainly in working 
groups/committees, review boards, and voting member). 

Shane 
Kronebusch, 
L&S Electric, 
Inc.  

Mr. Kronebusch is the Lead Electrical Engineer and Subject Matter Expert for 
generation and excitation systems for L&S Electric, Inc.  He has over 26 years of 
experience in the utility industry.  Prior to joining L&S Electric in 2010, his 
responsibilities included coordinating and preforming WECC testing of 
generation assets as an employee of BC Hydro Generation Engineering and 
Maintenance Services.  He has been a member of the WECC Control Work 
Group since 2006. 
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