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	NPRR Number
	562
	NPRR Title
	Subsynchronous Resonance

	Timeline
	Normal
	Action
	Tabled

	Date of Decision
	June 11, 2014

	Proposed Effective Date
	To be determined.

	Priority and Rank Assigned
	To be determined.

	Nodal Protocol Sections Requiring Revision
	2.1, Definitions

2.2, Acronyms and Abbreviations

3.21, Subsynchronous Resonance (new)
3.21.1, Identification and Evaluation of Subsynchronous Resonance Risk (new)
3.21.2, Subsynchronous Resonance Protection and Mitigation Measures (new)

	Planning Guide Sections Requiring Revision 
	2.1, Definitions

2.2, Acronyms and Abbreviations

	Revision Description
	This Nodal Protocol Revision Request (NPRR) creates new requirements for the identification, study, mitigation of, and protection against Subsynchronous Resonance (SSR).  

	Reason for Revision
	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 NPRR is intended to create a process for investigating and addressing SSR risk and to clarify the responsibilities of the various Entities affected.  

	Credit Impacts
	To be determined.

	Procedural History
	· On 8/12/13, NPRR562 and an Impact Analysis were posted.

· On 9/5/13, Oncor Electric Delivery comments were posted.

· On 9/6/13, Lone Star Transmission comments were posted.
· On 9/13/13, Calpine comments were posted.

· On 9/19/13, PRS considered NPRR562.

· On 9/26/13, Wind Energy Transmission Texas comments were posted.
· On 10/8/13, AEPSC comments were posted.

· On 4/3/14, GDF Suez comments were posted.

· On 4/9/14, ERCOT comments were posted.

· On 4/17/14, a second set of Calpine comments were posted.

· On 5/6/14, a third set of Calpine comments were posted.

· On 5/9/14, Luminant comments were posted.

· On 5/13/14, EDF RE comments were posted.

· On 5/13/14, NRG Texas Power comments were posted.

· On 5/14/14, a second set of ERCOT comments were posted.

· On 5/15/14, PRS again considered NPRR562.

· On 5/21/14, a third set of Calpine comments were posted.

· On 6/9/14, a third set of ERCOT comments were posted.

· On 6/9/14, a second set of NRG Texas Power comments were posted.

· On 6/11/14, PRS again considered NPRR562.

	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.     

	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.              


	Business Case

	1
	Positive reliability impact because it addresses potential SSR conditions which could damage generator turbines.


	Sponsor

	Name
	Isabel Flores

	E-mail Address
	iflores@ercot.com

	Company
	ERCOT 

	Phone Number
	512-248-6531

	Cell Number
	512-565-9117

	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.  


	Proposed Protocol Language Revision


2.1 
DEFINITIONS
Subsynchronous Resonance (SSR)

The potentially harmful 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), including, but not limited to, the following types of interactions: 

(a)
Subsynchronous torsional interaction - torsional interaction between a turbine-generator shaft and the ERCOT Transmission Grid;

(b)
Induction generator effect - the amplification of subsynchronous currents due to negative resistance in the armature of a synchronous Generation Resource; and

(c)
Subsynchronous control interaction - the amplification of subsynchronous currents due to positive feedback between Transmission Elements and the control systems of certain Generation Resources, particularly type 3 wind turbines, with series compensation.
2.2
ACRONYMS AND ABBREVIATIONS

SSR

Subsynchronous Resonance
FIS

Full Interconnection Study
3.21 
Subsynchronous Resonance 

3.21.1 
Identification and Evaluation of Subsynchronous Resonance Risk

(1)
As part of the Security Screening Study described in Planning Guide Section 5.4.1, Security Screening Study, ERCOT shall conduct an initial evaluation of each proposed Generation Resource’s risk for creating Subsynchronous Resonance (SSR) with existing or planned Transmission Elements in the Planning Model.  This evaluation shall include system-side frequency scans and any other appropriate measures and shall assess the risk of SSR under a set of simultaneous Outages selected by ERCOT within its sole judgment.  If ERCOT’s initial evaluation shows a risk of SSR in the case of five or fewer simultaneous Outages, the interconnecting Transmission Service Provider (TSP) shall conduct a detailed study of the risk of SSR as part of the Full Interconnection Study (FIS), in accordance with paragraph (4), below.  For the purposes of this Section, the Outage of a double-circuit transmission line shall be considered a single Outage.  A Resource Entity may not synchronize a Generation Resource with the ERCOT System until it has received written confirmation from ERCOT that the Generation Resource does not create a risk of SSR in the case of five or fewer simultaneous Outages or until ERCOT has verified that the risk has been appropriately mitigated. 
(2)
ERCOT shall conduct an annual assessment of the risk of SSR to the ERCOT System using the six-year planning horizon.  This assessment shall include system-side frequency scans and any other appropriate measures and shall assess the risk of SSR under a set of simultaneous Outages selected by ERCOT within its sole judgment.  If ERCOT’s assessment identifies a risk of SSR in the case of five or fewer simultaneous Outages, ERCOT shall require a detailed study of the risk of SSR in accordance with paragraph (4), below.  When required, the detailed study shall be performed by the TSP most affected by the SSR risk, as determined by ERCOT in its sole judgment.  A TSP or Resource Entity shall not interconnect any new Transmission Element or implement any new network switching practice until it has received written confirmation from ERCOT that the project or switching practice does not create a risk of SSR in the case of five or fewer simultaneous Outages or that the risk of SSR has been appropriately mitigated.  If a TSP proposes to interconnect a new Transmission Element or implement a new network switching practice that would not be reviewed as part of ERCOT’s annual assessment prior to the interconnection of the Transmission Element or the implementation of the practice, the TSP shall submit the project or practice to ERCOT for review on an ad hoc basis pursuant to paragraph (3), below.  ERCOT shall determine whether the project or practice requires a detailed SSR study within 90 days.
(3)
ERCOT may conduct an initial evaluation of any existing or proposed Transmission Element or Generation Resource on an ad hoc basis to determine whether a risk of SSR exists in the case of five or fewer simultaneous Outages.  The set of simultaneous Outages used in this analysis shall be selected by ERCOT within its sole judgment.  If ERCOT’s evaluation shows a risk in the case of five or fewer simultaneous Outages, ERCOT shall designate a TSP that owns an affected Transmission Element to conduct a detailed study of the risk of SSR in accordance with paragraph (4), below.      

(4)
If ERCOT determines that a detailed SSR study is necessary pursuant to paragraphs (1) through (3), above, the TSP shall promptly conduct the study.  The detailed SSR study shall comport with Good Utility Practice in the analysis of SSR, and shall use any appropriate tools and techniques, including but not limited to frequency scans, eigenvalue analyses, and electromagnetic transient simulations.  The study shall, at a minimum, include simultaneous Outages selected by ERCOT in its sole judgment.  The study shall also include a survey of and recommendations concerning possible protection and mitigation measures, as those terms are defined in paragraph (1) of Section 3.21.2, Subsynchronous Resonance Protection and Mitigation Measures, and shall also include an estimate of the costs of each such protection or mitigation measure.  The obligated TSP may retain one or more outside parties to conduct the detailed study on the TSP’s behalf.  Upon completion of the study, the TSP shall promptly provide the study results to all affected Entities, including ERCOT.  If more than one Generation Resource is affected by the study, the TSP shall redact or withhold Protected Information from the report as necessary to avoid improper disclosure.  

(5)
In conducting an initial evaluation or annual assessment under paragraphs (1) through (3), above, or a detailed study under paragraph (4), above, any affected Resource Entity or TSP other than the TSP conducting the study shall, upon request, provide ERCOT or the studying TSP with any Generation Resource, Transmission Element, or network switching practice data necessary to model the Generation Resource, Transmission Element, or network switching practice for the purpose of analyzing SSR, including but not limited to manufacturer data, PSCAD/EMTDC simulation models, and field test results.  If the requested data does not exist but can be obtained from the manufacturer or from some other third party, the Resource Entity or TSP shall be required to obtain that data and provide it to ERCOT or the requesting TSP, as applicable.  

(6)
Within 60 days of receiving the detailed SSR risk study, ERCOT shall review the study and shall either accept or reject the study’s findings and recommendations.  In reviewing the study results, ERCOT may require the affected TSPs and Resource Entities to provide additional data relevant to the study.  If ERCOT determines that the study does not fully address all relevant issues, ERCOT may defer its decision and require the TSP to conduct further analysis.  ERCOT may also extend the 60-day review period based on reasonable grounds upon notification of all affected Entities.  Upon reaching its conclusion, ERCOT shall immediately notify all affected Entities of its conclusion and shall notify the Entities of any particular practices or mitigation measures that may be required to resolve any SSR risk identified, whether or not such measures were recommended in the SSR risk study.
3.21.2 
Subsynchronous Resonance Protection and Mitigation Measures

(1)
If, as a result of a detailed study conducted pursuant to Section 3.21.1, Identification and Study of Subsynchronous Resonance Risk, ERCOT determines that protection or mitigation measures are necessary to protect the ERCOT System from SSR risk, the affected Entity shall install those protection or mitigation measures in accordance with this Section.  For the purposes of this Section, “protection” shall refer to the installation and use of protective relays capable of isolating the affected Transmission Element or Generation Resource from the ERCOT System in the event SSR is detected, and “mitigation” shall refer to the installation and use of any equipment or the implementation of any practice that may be used to mitigate or eliminate SSR risk, including, but not limited to, the following measures: Outage coordination, Special Protection Systems (SPSs), passive and dynamic SSR blocking filters, supplemental excitation damping controls, thyristor-controlled series capacitors, bypass series capacitors with the aid of low set gaps, and series capacitor segmentation.  
(2)
If ERCOT identifies SSR risk in the case of four or five simultaneous Outages, ERCOT shall implement Outage coordination procedures to mitigate SSR risk to the maximum extent possible, and each affected Resource Entity and TSP may install appropriate protective equipment on its Facilities.  Consistent with Section 3.1, Outage Coordination, ERCOT shall coordinate Outages for reliability, consistent with Good Utility Practice.  For the purposes of this Section, the Outage of a double-circuit transmission line shall be considered a single Outage.  
(3)
If ERCOT identifies SSR risk in the case of three or fewer simultaneous Outages, each affected Resource Entity or TSP shall implement measures determined by ERCOT to be appropriate to mitigate SRR risk to the maximum extent possible.  Before requiring any such measure, ERCOT shall consult with the affected Entities in determining the most appropriate solution.  ERCOT may consider the relative expected benefit and cost of each measure in evaluating this solution.  Such measures may not include the planned tripping of a Generation Resource.  If ERCOT determines that the appropriate mitigation measures will not fully eliminate SSR risk, ERCOT shall require the Resource Entity or TSP to install appropriate protective equipment on its Facilities.  

(4)  
If ERCOT identifies SSR risk during the study of a proposed Generation Resource or a new Transmission Element or network switching practice, as provided in paragraphs (1) and (2) of Section 3.21.1, the Entity introducing the new Generation Resource, Transmission Element, or switching practice shall be responsible for the cost of all SSR studies and any equipment installed as part of any ERCOT-approved mitigation measure necessitated by the new project or practice.  The cost of any protective equipment shall be the responsibility of the Entity on whose Facilities the equipment is installed.  

(5) 
If ERCOT or a TSP identifies SSR risk between existing Generation Resources and Transmission Facilities, the costs of any studies shall be the responsibility of the studying TSP, and the cost of any equipment installed as part of an ERCOT-approved mitigation or protective measure shall be the responsibility of the Entity owning the Generation Resource or Transmission Facilities on which the mitigation or protection equipment is installed.  

(6)
Any proposed change to an ERCOT-approved mitigation measure shall be submitted to all affected Entities and approved by ERCOT in writing before taking effect.  ERCOT shall approve or reject the proposed change within 90 days of notification.
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