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	NPRR Number
	562
	NPRR Title
	Subsynchronous Resonance

	Date of Decision
	May 25, 2017

	Action
	Recommended Approval

	Timeline 
	Normal

	Proposed Effective Date
	Upon system implementation

	Priority and Rank Assigned
	Priority – 2017; Rank – 1990

	Nodal Protocol Sections Requiring Revision 
	2.1, Definitions

2.2, Acronyms and Abbreviations

3.1.1, Role of ERCOT

3.1.5.11, Evaluation of Transmission Facilities Planned Outage or Maintenance Outage Requests

3.22, Subsynchronous Resonance (new)

3.22.1, Subsynchronous Resonance Vulnerability Assessment (new)

3.22.1.1, Existing Generation Resource Assessment (new)

3.22.1.2, Generation Resource Interconnection Assessment (new)

3.22.1.3, Transmission Project Assessment (new)

3.22.1.4, Annual SSR Review (new)

3.22.2, Subsynchronous Resonance Vulnerability Assessment Criteria (new)

3.22.3, Subsynchronous Resonance Monitoring (new)

	Related Documents Requiring Revision/ Related Revision Requests
	Planning Guide Revision Request (PGRR) 056, Alignment with NPRR562, Subsynchronous Resonance

	Revision Description
	Subsynchronous Resonance (SSR) is a potentially harmful phenomenon involving coincident oscillation between two or more Transmission Elements or Generation Resources at frequencies lower than the normal operating frequency (60 Hz) of the ERCOT System.  The ERCOT System has recently become more vulnerable to SSR because of the introduction of series capacitors for voltage support, although other Transmission Elements (including poorly tuned power electronic devices) and generator control systems can also create SSR. Without proper mitigation, SSR can quickly destroy resonating Transmission Elements and/or Generation Resources and lead to cascading Outages.  It is therefore essential to carefully study and mitigate this risk. This Nodal Protocol Revision Request (NPRR) is intended to create a process for investigating and addressing SSR risk and to clarify the responsibilities of the various Entities affected.  

	Reason for Revision
	[image: image1.wmf]

X

  Addresses current operational issues.
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  Meets Strategic goals (tied to the ERCOT Strategic Plan or directed by the ERCOT Board).
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  Market efficiencies or enhancements
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  Regulatory requirements
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  Other:  (explain)

(please select all that apply)

	Business Case
	Positive reliability impact because it addresses potential SSR conditions which could damage generator turbines.

	Credit Work Group Review
	ERCOT Credit Staff and the Credit Work Group (Credit WG) have reviewed NPRR562 and do not believe that it requires changes to credit monitoring activity or the calculation of liability.

	PRS Decision
	On 9/19/13, PRS unanimously voted to table NPRR562.  All Market Segments were present for the vote.

On 5/15/14, PRS voted to table NPRR562 for one month.  There were nine abstentions from the Independent Retail Electric Provider (IREP), Consumer, Independent Generator (4), and Investor Owned Utility (IOU) (3) Market Segments. All Market Segments were present for the vote.

On 6/11/14, PRS voted to table NPRR562.  There was one opposing vote from the Independent Generator Market Segment.  All Market Segments were present for the vote.     

On 3/9/17, PRS unanimously voted to recommend approval of NPRR562 as amended by the 3/3/17 ERCOT comments.  All Market Segments were present for the vote.
On 4/13/17, PRS unanimously voted to endorse and forward to TAC the 3/9/17 PRS Report, as revised by PRS, and Revised Impact Analysis for NPRR562 with a recommended priority of 2017 and rank of 1990.  All Market Segments were present for the vote.

	Summary of PRS Discussion
	On 9/19/13, participants discussed the activities of the 9/9/13 NPRR562 Workshop, and the need to table NPRR562 to allow time for additional workshops to be conducted.

On 5/15/14, ERCOT Staff provided an overview of the 4/9/14 and 5/14/14 ERCOT comments.  Participants noted that it was desired that the cost allocation aspects of NPRR562 be removed from the NPRR so that it could move forward only as a solution to the technical issues related to Subsynchronous Oscillation (SSO), and for the cost allocation aspects of SSO to be determined at a later time.  Participants opined that the 5/14/14 ERCOT comments did not sufficiently remove the cost allocation aspects of the NPRR and that additional time was necessary for review.  It was further noted that Interconnecting Entities with Resources that are currently in development desire to confirm the SSO standards for which they will need to comply so that proper funding and preparation can be acquired.  Participants were encouraged to file comments on NPRR562 to address these issues.

On 6/11/14, participants noted that on 5/29/14 a memorandum that indicated that the Public Utility Commission of Texas (PUCT) would be considering core issues of NPRR562.  Participants discussed the merits of attempting to reach consensus regarding the technical aspects of NPRR562 versus tabling NPRR562 and waiting for PUCT guidance.  Participants discussed competing concerns regarding NPRR562 and a list of issues was developed, but no consensus regarding the substance of NPRR562 was reached.              

On 3/9/17, ERCOT staff reviewed the history of NPRR562 and the recent work to align it with current reliability concerns and consensus.  Market Participants and ERCOT staff noted that the 3/3/17 ERCOT comments represent a cooperative effort by all concerned parties.
On 4/13/17, there was no discussion.    

	TAC Decision 
	On 5/25/17, TAC unanimously voted to recommend approval of NPRR562 as recommended by PRS in the 4/13/17 PRS Report.  All Market Segments were present for the vote.

	Summary of TAC Discussion
	On 5/25/17, there was no discussion.   

	ERCOT Opinion
	ERCOT supports approval of NPRR562.


	Sponsor

	Name
	Fred Huang / Jeff Billo

	E-mail Address
	Shun-Hsien.Huang@ercot.com / Jeff.Billo@ercot.com 

	Company
	ERCOT 

	Phone Number
	512-248-6665 / 512-248-6334

	Cell Number
	

	Market Segment
	Not applicable


	Market Rules Staff Contact

	Name
	Kelly Landry

	E-Mail Address
	klandry@ercot.com

	Phone Number
	(512) 248-4630


	Comments Received

	Comment Author
	Comment Summary

	Oncor Electric Delivery 090513
	Recommended that the issue of SSR be addressed in a comprehensive manner, proffered questions and proposed solutions, and attached technical memorandum from ABB on the subject of SSR.    

	Lone Star Transmission 090613
	Proposed revisions to include all SSOs and noted that full inclusion would require a rewrite of the NPRR.   

	Calpine 091313
	Proposed revisions regarding costs associated with the evaluation of SSR risk and mitigation measures.   

	Wind Energy Transmission Texas 092613
	Provided various suggestions for topics of discussion at future workshops. 

	AEPSC 100813
	Provided general comments and recommendations regarding the venue for discussion of different aspects of NPRR562.

	GDF Suez 040314
	Provided general comments and recommended that the series capacitors that require protection systems be placed in bypass until the Public Utility Commission of Texas (PUCT) addresses the allocation of costs associated with NPRR562.

	ERCOT 040914
	Responded to discussion and comments presented at the 4/3/14 SSO Workshop and proposed changing SSR to SSO.

	Calpine 041714
	Proposed revisions to the cost allocation portions of NPRR562 and recommended that related series capacitance devices be bypassed. 

	Calpine 050614
	Provided general comments regarding the criteria used by ERCOT to determine how a Generation Resource is protected from SSO and whether the Resource is in need of protection.

	Luminant 050914
	Proposed revisions to the circumstances when series capacitors should be retrofitted with protection that will automatically detect SSO; and proposed that Interconnecting Entities for all new facilities should be responsible for protecting against SSO.   

	EDF RE 051314
	Provided clarifying language regarding what existing Generation Resources would be responsible for protecting against SSO.  

	NRG Texas Power 051314
	Provided general comments and requested that PRS table NPRR562 to allow additional time for consideration of pending ERCOT comments.

	ERCOT 051414
	Responded to discussion and comments presented at the 4/23/14 SSO Workshop and subsequent Market Participant comments.

	Calpine 052114
	Endorsed the 5/9/14 Luminant comments and proposed revisions to further eliminate language related to cost allocation.  Endorsed the bypassing of series compensation to mitigate SSR conditions as a long term solution.  

	ERCOT 060914
	Responded to concerns raised at the 5/15/14 PRS meeting regarding the allocation of costs and proposed a comment period for proposed SSO solutions that impact Transmission Elements.

	NRG Texas Power 060914
	Proposed that PRS table NPRR562 and purported to consolidate the 5/9/14 Luminant and 5/21/14 Calpine comments.  

	ERCOT 032015
	Provided follow-up to the 3/20/17 SSR Workshop regarding the study scope of SSR and included presentations from the Workshop.

	LCRA 040315
	Provided recommendations regarding SSR/SSO assessments.

	TCPA 040315
	Provided recommendations regarding the scope and methodology of the study used to determine SSR vulnerability.

	Luminant 040315
	Provided recommendations regarding the scope and methodology of the study used to determine SSR vulnerability.

	Oncor 040715
	Requested clarification of the process for future revisions of NPRR562.

	AEP 040715
	Provided recommendations regarding the scope and methodology of the study used to determine SSR vulnerability and what measures should be taken regarding those resources found to be vulnerable to SSR.

	ERCOT 060115
	Provided the SSR Analysis Scope document.

	CenterPoint Energy 061215
	Provided specific comments and proposed revisions to the SSR Analysis Scope document.

	Oncor 061215
	Provided specific comments and proposed revisions to the SSR Analysis Scope document.

	LCRA 061215
	Provided specific comments and proposed revisions to the SSR Analysis Scope document.

	Recurrent Energy 061215
	Provided specific comments and proposed revisions to the SSR Analysis Scope document.

	TCPA 061515
	Provided general comments to the SSR Analysis Scope document.

	APEX 070915
	Provided general comments to the SSR Analysis Scope document.

	ERCOT 121015
	Provided presentation materials from the 12/4/15 SSR Workshop and the updated SSR Analysis Scope document.

	Vestas 122815
	Provided general comments regarding SSR issues under consideration in response to the 12/4/15 SSR Workshop.

	EDF Renewable Energy 123015
	Provided general comments regarding SSR issues under consideration in response to the 12/4/15 SSR Workshop.

	TCPA 123115
	Provided general comments regarding SSR issues under consideration in response to the 12/4/15 SSR Workshop.

	AEP 123115
	Provided general comments regarding SSR issues under consideration in response to the 12/4/15 SSR Workshop.

	Oncor 123115
	Provided general comments regarding SSR issues under consideration in response to the 12/4/15 SSR Workshop and specific comments and revisions to the 12/10/15 revised SSR Analysis Scope document.

	Pattern Energy Group 010416
	Provided general comments regarding SSR issues under consideration in response to the 12/4/15 SSR Workshop.

	ERCOT 012717
	Proposed revisions to NPRR562 based on the technical study results and based on stakeholder comments provided in previous workshops and discussions.

	TCPA 021317
	Proposed additional revisions to the 1/27/17 ERCOT comments.

	Oncor 021317
	Proposed additional revisions to the 1/27/17 ERCOT comments.

	ERCOT 030317
	Proposed revisions to NPRR562 based on stakeholder comments provided in previous workshops and discussions.


	Market Rules Notes


Please note that the baseline language in the following section(s) has been updated to reflect the incorporation of the following NPRR(s) into the Protocols:

· NPRR758, Improved Transparency for Outages Potentially Having a High Economic Impact (incorporated 7/1/16)

· Section 3.1.1
· Section 3.1.5.11
	Revised Proposed Protocol Language


2.1 
DEFINITIONS

Subsynchronous Oscillation (SSO)

Coincident oscillation occurring between two or more Transmission Elements or Generation Resources at a natural harmonic frequency lower than the normal operating frequency of the ERCOT System (60 Hz).

Subsynchronous Resonance (SSR)
Coincident oscillation occurring between Generation Resources and a series capacitor compensated transmission system at a natural harmonic frequency lower than the normal operating frequency of the ERCOT System (60 Hz), including the following types of interactions:
Torsional Interaction


Torsional Interaction is the interplay between mechanical system of a turbine generator and a series compensated transmission system.
Induction Generator Effect (IGE)


An electrical phenomena in which a resonance involving a Generation Resource and a series compensated transmission system results in electrical self-excitation of the Generation Resource at a subsynchronous frequency.
Torque Amplification


An interaction between Generation Resources and a series compensated transmission system in which the response results in higher transient torque during or after disturbances than would otherwise occur.
Subsynchronous Control Interaction (SSCI)


The interaction between a series capacitor compensated transmission system and the control system of Generation Resources.
Subsynchronous Resonance (SSR) Countermeasures 

Any equipment or any procedure to mitigate the SSR vulnerability, including but not limited to the following types of countermeasures:

Subsynchronous Resonance (SSR) Protection 


A countermeasure that includes, but is not limited to, disconnecting the affected Generation Resource. 

Subsynchronous Resonance (SSR) Mitigation 


A countermeasure that includes, but is not limited to, equipment installation, controller adjustment, or a procedure to mitigate the SSR vulnerability without disconnecting the affected Generation Resources.

(a) 
(b) 
(c) 
(d) 
2.2
ACRONYMS AND ABBREVIATIONS
IGE
Induction Generator Effects

SSO
Subsynchronous Oscillation
SSR
Subsynchronous Resonance

SSCI
Subsynchronous Control Interaction
3.1.1
Role of ERCOT

(1)
ERCOT shall coordinate and use reasonable efforts, consistent with Good Utility Practice, to accept, approve or reject all Outage schedules for maintenance, repair, and construction of both Transmission Facilities and Resources within the ERCOT System.  ERCOT may reject an Outage schedule under certain circumstances, as set forth in these Protocols.

(2)
ERCOT’s responsibilities with respect to Outage Coordination include:

(a)
Approving or rejecting requests for Planned Outages and Maintenance Outages of Transmission Facilities for Transmission Service Providers (TSPs) in coordination with and based on information regarding all Entities’ Planned Outages and Maintenance Outages;

(b)
Assessing the adequacy of available Resources, based on planned and known Resource Outages, relative to forecasts of Load, Ancillary Service requirements,  and reserve requirements;

(c)
Coordinating and approving or rejecting schedules for Planned Outages of Resources scheduled to occur within 45 days after request;

(d)
Coordinating and approving or rejecting schedules for Planned Outages of Reliability Must-Run (RMR) Units under the terms of the applicable RMR Agreements; 

(e)
Coordinating and approving or rejecting Outages associated with Black Start Resources under the applicable Black Start Unit Agreements;
(f)
Coordinating and approving or rejecting Outages affecting SSR vulnerable Generation Resources that do not have SSR Mitigation in the event of five or six concurrent transmission Outages;
(g)
Reviewing and coordinating changes to existing 12-month Resource Outage plans to determine how changes will affect ERCOT System reliability, including Resource Outages not previously included in the Outage plan;

(h)
Monitoring how Planned Outage schedules compare with actual Outages;

(i)
Posting all proposed and approved schedules for Planned Outages and Maintenance Outages of Transmission Facilities on the Market Information System (MIS) Secure Area under Section 3.1.5.13, Transmission Report; 

	[NPRR758:   Replace paragraph (i) above with the following upon system implementation:]

(i)
Posting all proposed and approved schedules for Planned Outages, Maintenance Outages, and Rescheduled Outages of Transmission Facilities on the Market Information System (MIS) Secure Area under Section 3.1.5.13, Transmission Report;


(j)
Creating aggregated schedules of Planned Outages for Resources and posting those schedules on the MIS Secure Area under Section 3.2.3, System Adequacy Reports; 

(k)
Monitoring Transmission Facilities and Resource Forced Outages and Maintenance Outages of immediate nature and implementing responses to those Outages as provided in these Protocols;

(l)
Establishing and implementing communication procedures:

(i)
For a TSP to request approval of Transmission Facilities Planned Outage and Maintenance Outage schedules; and 

(ii)
For a Resource Entity’s designated Single Point of Contact to submit Outage plans and to coordinate Resource Outages;

(m)
Establishing and implementing record-keeping procedures for retaining all requested Planned Outages, Maintenance Outages, and Forced Outages; 

(n)
Planning and analyzing Transmission Facilities Outages; and

(o)
Working with the appropriate Technical Advisory Committee (TAC) Subcommittee to develop procedures for characterizing a Simple Transmission Outage. 

	[NPRR758:   Replace paragraphs (m)-(o) above with the following upon system implementation:]

(m)
Establishing and implementing record-keeping procedures for retaining all requested Planned Outages, Maintenance Outages, Rescheduled Outages, and Forced Outages; and

(n)
Planning and analyzing Transmission Facilities Outages.


3.1.5.11
Evaluation of Transmission Facilities Planned Outage or Maintenance Outage Requests

(1)
ERCOT shall evaluate requests, approve, or reject Transmission Facilities Planned Outages and Maintenance Outages according to the requirements of this section.  ERCOT may approve Outage requests provided the Outage in combination with other proposed Outages does not cause a violation of applicable reliability standards.  ERCOT shall reject Outage requests that do not meet the submittal timeline specified in Section 3.1.5.12, Submittal Timeline for Transmission Facility Outage Requests.  ERCOT shall consider the following factors in its evaluation:

(a)
Forecasted conditions during the time of the Outage;

(b)
Outage plans submitted by Resource Entities and TSPs under Section 3.1, Outage Coordination;

(c)
Forced Outages of Transmission Facilities;

(d)
Potential for the proposed Outages to cause irresolvable transmission overloads or voltage supply concerns based on the indications from contingency analysis software;
(e)
Potential for the proposed Outages to cause SSR vulnerability to Generation Resources that do not have SSR Mitigation in the event of five or six concurrent transmission Outages;
(f)
Previously approved Planned Outages and Maintenance Outages; 

	[NPRR758:   Replace paragraph (f) above with the following upon system implementation:]

(f)
Previously approved Planned Outages, Maintenance Outages, and Rescheduled Outages;


(g)
Impacts on the transfer capability of DC Ties; and

(h)
Good Utility Practice for Transmission Facilities maintenance.

(2)
When ERCOT approves a Maintenance Outage, ERCOT shall coordinate the timing of the appropriate course of action with the requesting TSP. 

	[NPRR758:   Insert paragraph (3) below upon system implementation:]

(3)
When ERCOT identifies that an HIO has been submitted with 90-days or less notice, ERCOT may coordinate with TSP to make reasonable efforts to minimize the impact. 


3.22
Subsynchronous Resonance
(1)
All series capacitors shall have automatic Subsynchronous Resonance (SSR) protective relays installed and shall have remote bypass capability.  The SSR protective relays shall remain in-service when the series capacitors are in-service.
3.22.1
Subsynchronous Resonance Vulnerability Assessment
(1)
In the SSR vulnerability assessment, each transmission circuit is considered as a single Outage.  A common tower Outage of two circuits or the Outage of a double-circuit transmission line will be considered as two transmission Outages.
3.22.1.1 
Existing Generation Resource Assessment
(1)
ERCOT shall perform a one-time SSR vulnerability assessment on all existing Generation Resources as described in paragraphs (a) through (f) below.  For the purposes of this Section, a Generation Resource is considered an existing Generation Resource if it satisfies Planning Guide Section 6.9, Addition of Proposed Generation Resources to the Planning Models, on or before August 12, 2013.  

(a)
ERCOT shall perform a topology-check on all existing Generation Resources.  

(b)
If during the topology-check ERCOT determines that an existing Generation Resource will become radial to a series capacitors(s) in the event of less than 14 concurrent transmission Outages, ERCOT shall perform a frequency scan assessment in accordance with Section 3.22.2, Subsynchronous Resonance Vulnerability Assessment Criteria, and will provide the frequency scan assessment results to the affected Resource Entity.

(c)
If the frequency scan assessment described in paragraph (b) above indicates potential SSR vulnerability, the Transmission Service Provider(s) (TSP(s)) that owns the affected series capacitor(s), in coordination with the interconnecting TSP, shall perform a detailed SSR analysis in accordance with Section 3.22.2 to determine SSR vulnerability, unless ERCOT, in consultation with and in agreement with of the affected TSP(s) and the affected Resource Entity, determines the frequency scan assessment is sufficient to determine the SSR vulnerability.  

(d)
If the SSR study performed in accordance with paragraph (b) and/or (c) above indicates that an existing Generation Resource is vulnerable to SSR in the event of four or less concurrent transmission Outages, the TSP(s) that owns the affected series capacitor(s) shall coordinate with the interconnecting TSP, ERCOT, and the affected Resource Entity to develop and implement SSR Mitigation on the ERCOT transmission system.
(e)
If the SSR study performed in accordance with paragraph (b) and/or (c) above indicates that an existing Generation Resource is vulnerable to SSR in the event of five or six concurrent transmission Outages, ERCOT shall implement SSR monitoring in accordance with Section 3.22.3, Subsynchronous Resonance Monitoring.
(f)
The Resource Entity shall provide sufficient model data to ERCOT within 60 days of receipt of the data request.  ERCOT, at its sole discretion, may extend the response deadline. 
3.22.1.2 
Generation Resource Interconnection Assessment
(1)
In the Security Screening Study for a Generation Resource Interconnection or Change Request, ERCOT will perform a topology-check and determine if the Generation Resource will become radial to a series capacitors(s) in the event of less than 14 concurrent transmission Outages.  
(2)
If ERCOT identifies that a Generation Resource will become radial to a series capacitors(s) in the event of less than 14 concurrent transmission Outages, the interconnecting TSP shall perform an SSR study including frequency scan assessment and/or detailed SSR assessment for the Interconnecting Entity (IE) in accordance with Section 3.22.2, Subsynchronous Resonance Vulnerability Assessment Criteria, to determine SSR vulnerability.  The SSR study shall determine which system configurations create vulnerability to SSR.  Alternatively, if the IE can demonstrate to ERCOT’s and the interconnecting TSP’s satisfaction that the Generation Resource is not vulnerable to SSR, then the interconnecting TSP is not required to perform the SSR study.
(3)
If the SSR study performed in accordance with paragraph (2) above indicates that the Generation Resource is vulnerable to SSR in the event of four or less concurrent transmission Outages, the IE shall develop an SSR Mitigation plan and provide it to ERCOT prior to submission of the Initial Synchronization request.  ERCOT shall respond with its acceptance or rejection of the plan within 30 days of receipt.  The IE shall implement the ERCOT-approved SSR Mitigation prior to Initial Synchronization.  
(a)
If the SSR study performed in accordance with paragraph (2) above indicates that the Generation Resource is vulnerable to SSR in the event of four concurrent transmission Outages, the IE may install SSR Protection in lieu of SSR Mitigation, as required by paragraph (3) above, if:

(i)
The Generation Resource satisfied Planning Guide Section 6.9, Addition of Proposed Generation Resources to the Planning Models, between August 12, 2013 and March 20, 2015,
(ii)
The SSR Protection is approved by ERCOT, and

(iii)
The Generation Resource installs the ERCOT-approved SSR Protection prior to Initial Synchronization.
(4)
If the SSR study performed in accordance with paragraph (2) above indicates that the Generation Resource is vulnerable to SSR in the event of five or six concurrent transmission Outages, ERCOT shall implement SSR monitoring for the IE prior to Initial Synchronization in accordance with Section 3.22.3, Subsynchronous Resonance Monitoring.
3.22.1.3 
Transmission Project Assessment
(1)
For any proposed Transmission Facilities connecting to or operating at 345 kV, the TSP shall perform an SSR vulnerability assessment, including a topology-check and/or frequency scan assessment in accordance with Section 3.22.2, Subsynchronous Resonance Vulnerability Assessment Criteria.  The TSP shall include a summary of the results of this assessment in the project submission to the Regional Planning Group pursuant to Section 3.11.4, Regional Planning Group Project Review Process.  For Tier 4 projects that include Transmission Facilities connecting to or operating at 345 kV, the TSP shall provide the SSR assessment for ERCOT’s review.  For the purposes of this Section, a Generation Resource is considered an existing Generation Resource if it satisfies Planning Guide Section 6.9 at the time the Transmission Facilities are proposed.
(2)
If while performing the independent review of a transmission project , ERCOT determines that the transmission project may cause an existing Generation Resource or a Generation Resource satisfying Planning Guide Section 6.9 at the time the transmission project is proposed to become vulnerable to SSR, ERCOT shall perform an SSR vulnerability assessment, including topology-check and frequency scan in accordance with Section 3.22.2 if such an assessment was not included in the project submission.  ERCOT shall include a summary of the results of this assessment in the independent review.
(3)
If the frequency scan assessment in paragraphs (1) or (2) above indicates potential SSR vulnerability in accordance with Section 3.22.2, the TSP(s) that owns the affected series capacitor(s), in coordination with the TSP proposing the Transmission Facilities, shall perform a detailed SSR assessment to confirm or refute the SSR vulnerability. 

(4)
Past SSR assessments may be used to determine the SSR vulnerability of a Generation Resource if ERCOT, in consultation with the affected TSPs, determines the results of the past SSR assessments are still valid.  
(5)
If the SSR study confirms a Generation Resource is vulnerable to SSR in the event of four or less concurrent transmission Outages, the TSP that owns the affected series capacitor(s) shall coordinate with ERCOT, the affected Resource Entity, and affected TSPs to develop and implement SSR Mitigation on the ERCOT transmission system. The SSR Mitigation shall be developed prior to RPG acceptance, if required, and implemented prior to the latter of the energization of the transmission project or the Initial Synchronization of the Generation Resource.
(6)
If the SSR study confirms a Generation Resource is vulnerable to SSR in the event of five or six concurrent transmission Outages, ERCOT shall implement SSR monitoring in accordance with Section 3.22.3, Subsynchronous Resonance Monitoring, prior to the latter of the energization of the transmission project or the Initial Synchronization of the Generation Resource.
(7)
The Resource Entity shall provide sufficient model data to ERCOT within 60 days of receipt of the data request.  ERCOT, at its sole discretion, may extend the response deadline.
3.22.1.4 
Annual SSR Review
(1)
ERCOT shall perform an SSR review annually.  The annual review shall include the following elements: 
(a)
The annual review shall include a topology-check applying the system network topology that is consistent with a year 3 SSWG base case developed in accordance with Planning Guide Section 6.1, Steady-State Model Development.  ERCOT shall post the SSR annual topology-check report to the Market Information System (MIS) Secure Area by May 31 of each year.

(b)
If ERCOT identifies that a Generation Resource will become radial to series capacitors(s) in the event of less than 14 concurrent transmission Outages, ERCOT shall perform a frequency scan assessment in accordance with Section 3.22.2, Subsynchronous Resonance Vulnerability Assessment Criteria.  ERCOT shall prepare a report to summarize the results of the frequency scan assessment and provide it to the Resource Entity and the affected TSP.

(i)
If the frequency scan assessment described in paragraph (b) above shows the Generation Resource has potential SSR vulnerability in the event of six or fewer concurrent transmission Outages, the TSP(s) that owns the affected series capacitor compensated Transmission Element in coordination with the interconnecting TSP shall perform a detailed SSR assessment to confirm or refute the SSR vulnerability. 

(ii)
Past SSR assessments may be used to determine the SSR vulnerability of a Generation Resource if ERCOT, in consultation with the affected TSPs, determines the results of the past SSR assessments are still valid.  
(iii)
If the SSR study confirms the Generation Resource is vulnerable to SSR in the event of four or less concurrent transmission Outages, the TSP that owns the affected series capacitor compensated Transmission Element shall coordinate with ERCOT, the affected Resource Entity, and affected TSPs to develop and install SSR Mitigation on the ERCOT transmission system. The SSR Mitigation shall be developed, if required, and implemented prior to the latter of the energization of the transmission project or the Initial Synchronization of the Generation Resource.

(iv)
If the SSR study confirms the Generation Resource is vulnerable to SSR in the event of five or six concurrent transmission Outages, ERCOT shall implement SSR monitoring in accordance with Section 3.22.3 prior to the latter of energization of the transmission project or the Initial Synchronization of the Generation Resource.
(v) 
The Resource Entity shall provide sufficient model data to ERCOT within 60 days of receipt of the data request.  ERCOT, in its sole discretion, may extend the response deadline.
3.22.2

Subsynchronous Resonance Vulnerability Assessment Criteria

(1)
A Generation Resource is considered to be potentially vulnerable to SSR in the topology-check if a Generation Resource will become radial to a series capacitors(s) in the event of less than 14 concurrent transmission Outages.  A frequency scan assessment and/or a detailed SSR assessment shall be required to screen for system conditions causing potential SSR vulnerability.

(2)
In determining whether a Generation Resource is considered to be potentially vulnerable to SSR in the frequency scan assessment results, the following criteria shall be considered:
(a) 
Induction Generator Effect (IGE) and SSR Control Interaction (SSCI): 
(i)
When considering the total impedance of the generator and the applicable part of the ERCOT System, if the total resistance is negative at a reactance crossover of zero Ohms from negative to positive with increasing frequency, then the generator is considered to be potentially vulnerable to IGE/SSCI; 
(b) 
Torsional Interaction: 

(i)
If the sum of the electrical damping (De) plus the mechanical damping (Dm) results in a negative value then the generator is potentially vulnerable to Torsional Interaction.  Dm at +/- 1 Hz of the modal frequency may be utilized to compare to De; and 

(c) 
Torque Amplification: 

(i)
When considering the total impedance of the generator and the ERCOT system, if a 5% or greater reactance dip, or a reactance crossover of zero Ohms from negative to positive with increasing frequency, occurs within a +/- 3 Hz complement of the modal frequency, then the generator is considered to be potentially vulnerable to Torque Amplification.  The percentage of a reactance dip is on the basis of the reactance maximum at the first inflection point of the dip where the reactance begins to decrease with increasing frequency.
(3)
The detailed SSR assessment shall include an electromagnetic transient program analysis or similar analysis.  A Generation Resource is considered to be vulnerable to SSR if any of the following criteria are met:
(a)
The SSR vulnerability results in more than 50% of fatigue life expenditure over the expected lifetime of the unit;   
(i)
If the fatigue life expenditure is not available, the highest torsional torque caused by SSR is more than 110% of the torque experienced during a transmission fault with the series capacitors bypassed;
(b)
The oscillation, if occurred, is not damped; or
(c)
The oscillation, if occurred, results in disconnection of any transmission and generation facilities.
  
3.22.3 
Subsynchronous Resonance Monitoring
(1)
For purpose of SSR monitoring, a common tower Outage loss of a double-circuit transmission line consisting of two circuits sharing a tower for 0.5 miles or greater is considered as one contingency.

(2)
ERCOT’s responsibilities for SSR monitoring shall consist of the following activities if a Generation Resource is vulnerable to SSR in the event of five or six concurrent transmission Outages identified in the SSR vulnerability assessment and does not implement SSR Mitigation: 
(a)
ERCOT shall identify the combinations of Outages of Transmission Elements that may result in SSR vulnerability and provide these Transmission Elements to the affected Resource Entity and its interconnected TSP;
(b)
ERCOT shall monitor the status of these Transmission Elements identified in paragraph (a) above; 

(c)
If the occurrence of Forced and/or Planned Outages results in a Generation Resource being three contingencies away from SSR vulnerability, ERCOT will identify options for mitigation that would be implemented if an additional transmission Outage were to occur, including communications with TSPs to determine potential Outage cancellations and time estimates to reinstate Transmission Facilities;
(d)
If the occurrence of Forced and/or Planned Outages results in a Generation Resource being two contingencies away from SSR vulnerability, ERCOT shall take action to mitigate SSR vulnerability to the affected Generation Resource.  ERCOT shall consider the actions in the following order unless reliability considerations dictate a different order.    Actions that may be considered are:

(i)
No action if the affected Generation Resource is equipped with SSR Protection and has elected for ERCOT to forego action to mitigate SSR vulnerability; 

(ii)
Coordinate with TSPs to withdraw or restore an Outage within eight hours if feasible;   

(iii)
If the actions described in (i) and (ii) above are not feasible, ERCOT shall promptly take necessary steps to identify and mitigate the impacts to the ERCOT System caused by bypassing the affected series capacitor(s) and direct the TSP(s) to bypass the affected series capacitors(s); or

(iv)
Other actions specific to the situation, including, but not limited to, Verbal Dispatch Instruction to the Resource’s Qualified Scheduling Entity (QSE).  
(e)
If the occurrence of Forced and/or Planned Outages results in a Generation Resource being one contingency away from SSR vulnerability, ERCOT shall promptly take necessary steps to identify and mitigate the impacts to the ERCOT System caused by bypassing the affected series capacitor(s) and direct the TSP(s) to bypass the affected series capacitor(s).

(f)
If the occurrence of Forced and/or Planned Outages results in a Generation Resource being two or less contingencies away from SSR vulnerability, ERCOT shall notify the QSE representing the affected Generation Resource by voice communication as soon as practicable that the SSR vulnerability scenario has occurred; initiate the mitigation actions described in paragraphs (2)(d)(i) through (iv) of Section 3.22.3; and provide additional notifications to the QSE of each relevant topology change until the affected Generation Resource(s) is at least three contingencies away from SSR vulnerability.
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