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	Comments


Oncor Electric Delivery (Oncor) appreciates the opportunity to work with ERCOT and others in developing an approach to Subsynchronous Resonance (SSR) and submits the following comments in response to the ERCOT’s December 10, 2015, comments. The attached document is a redline of more detailed comments regarding the proposed scope for the full SSR studies.
Oncor’s most urgent concern is ERCOT’s proposed timeline to complete detailed studies by the end of the first quarter of 2016.  Even assuming that the study scope had been finalized, Oncor cannot complete the studies within this time.  Depending on the time needed to document the study scope, Oncor suggests a more realistic timeline for study completion is the second or third quarter of 2016.  Other TSPs may be similarly situated.

A secondary concern is whether a final study scope can be determined prior to completing the current round of studies.  SSR studies do not have the well-established scope of steady-state or short-circuit analyses, and the study criteria have been “under construction” for several years.  For some of the existing resources Oncor has been asked to study, this will be the second round of detailed studies.  The “do-overs” have resulted from changed study scopes and additional generator data.  The study costs for existing generators are not recoverable capital costs and are not funded like new generator interconnection studies.  The potential for iterative studies of existing generators compounds this cost issue.
Each concern drives Oncor’s desire for greater certainty regarding the study scope, even though such certainty may also create additional delay.

Additionally, Oncor offers the following questions and comments regarding ERCOT’s December 4 workshop presentation:
· How will ERCOT use the data from completed frequency scans to develop the topology screening criteria for the detailed studies?  Have the scan data created a clear pattern for potential generator vulnerability?
· The presentation states 69 kV circuit outages have only a marginal impact on SSR vulnerability.  Has ERCOT determined the impact for 138 kV outages?
· Regarding Slide 17:  When engaging in the annual and RPG project review, Oncor urges ERCOT to consider and incorporate protection by Resources as well as mitigation.  Generator protection should not be limited only to new Resources.
· In the determination of “new” or “existing” status for Resources, ERCOT may also wish to consider whether the Resource received notification of the SSR vulnerability during the initial phases of its interconnection process. 

· Revisions to binding documents should not start until the topology screening criteria is finalized.
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	Revised Cover Page Language


Oncor has no comments at this time.
	Revised Proposed Protocol Language


Oncor has no comments at this time.
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Subsynchronous Resonance (SSR) Analysis

[bookmark: _Toc437433732]Purpose

[bookmark: _Toc149720772][bookmark: _Toc409100152]The purpose of this document is to serve as a guideline to establish the study scope for the Subsynchronous Resonance (SSR) interactions occurring between Generation Resources and a series capacitor compensated transmission system.  If a project is identified to require a SSR study, the designated entity will perform the study to evaluate determine vulnerability to SSR interactions and in conjunction with ERCOT and impacted entities identify any needed countermeasures.

Both the scope and the final study will be reviewed by the impacted TSP(s), affected RE(s) or IE(s), and ERCOT. This document provides a list of guidelines for the study scope.

[bookmark: _Toc437433733]General SSR Scope

[bookmark: _Toc437433734]Conventional Generator SSR Studies

The SSR study for conventional generator units should include the following:

· Induction Generator Effect (IGE)

· Frequency scans for screening: generator and grid side frequency scans with emphasis on effective resistance 

· Torsional Interaction (TI)

· Comparison of Mechanical (turbine-generator system) & and Electrical (generator and grid combined) damping analysis for screening, including whether units within the plant or nearby plants have similar torsional modes

· Torque Amplification (TA)

· Frequency scans for screening. If TA vulnerability is identified, then determine the need for fatigue analysis. 

· Time domain simulations may be required for further investigation and countermeasures development.

[bookmark: _Toc437433735]Intermittent Renewable Resource (IRR) SSR Studies:

The SSR study for IRR units should include the following:

· Induction Generator Effect (IGE) / Subsynchronous Control Interaction (SSCI)

· Frequency scans for screening.  It should be noted that, due to the nonlinearity of the generator model[footnoteRef:1], generator-side scans may be dependent upon the grid impedance; this nonlinearity may need to be considered. 	Comment by Author: The May 2015 version used grid short circuit ratio instead of impedance.  What prompted this change? [1:  Ren, Wei; Piwko, Richard; English, Bruce, “Analysis and Mitigation of Unstable Subsynchronous Oscillations for Renewable Generation Interconnections,” 2015 IEEE Power and Energy Society General Meeting in Denver.] 


· A study of Induction Generator Effect/SSCI should study also incorporate the following:	Comment by Author: Is there to be any consideration for the impact on network resistance by the negative resistance at subsynchronous frequencies presented by other wind farms.

· Varying dispatch levels (e.g., 10% and 100%)

· Varying number of units or collector feeders online (e.g., 10% and 100%)

· Time domain simulations may be required for further investigation and countermeasure development.

[bookmark: _Toc437433736]Study Development

[bookmark: _Toc437433737]Base Case

The latest ERCOT Steady State Working Group (SSWG) base cases which include the anticipated system topology based on the projected in-service date of the proposed project should be used as the study base case.  The base cases may be modified by incorporating known changes to topology and generation commitment and dispatch that have been identified since the creation of the latest base cases.  These changes should be documented, and the documentation should be provided to ERCOT and the impacted entities. The study scope should identify the series capacitor(s) of interest.  

[bookmark: _Toc437433738]Contingencies

The methodology listed below is suggested if screening techniques are necessary to reduce the number of contingencies contingency combinations considered.  A transmission line contingency will be a single circuit.  If the study involves multiple series capacitors, then this process would be repeated for each series capacitor.

· Begin with the set of contingencies making the generating unit radial[footnoteRef:2] to the series capacitor(s) under study. This set is denoted “R”, consisting of N elements. [2:  “Radial”:  A generator is radial to a series capacitor when all of the energy from the generator flows through the series capacitor bank(s).] 


· Evaluate radial condition (R) and all combinations of “R+1” tier (with 1 transmission element placed back in service).

· Of the “R+1” combinations which show SSR vulnerability, study Evaluate all combinations of “R+2” tier combinations (with 2placing a second transmission elements back in service).

· Of the R+2 combinations which show SSR vulnerability, study “R+3” combinations (placing a third element back in service).

· And so forth until no further combinations show SSR vulnerability with respect to the study criteria described in Section 3.4

· Contingency sets that can concurrently place a generating unit radial to multiple series capacitors should also be evaluated.

· TSP(s) and ERCOT may suggest an additional contingency combination especially in cases where more than one radial path exists.  TSP(s) and ERCOT may choose an alternate path based on lesser performance, greater exposure to contingency conditions or other factors. These factors, along with the reason(s) for selecting the factors should be documented.

[bookmark: _Toc437433739]Sensitivities

The following sensitivities should be considered in the study.  Additional sensitivities may be included if deemed necessary.

· Switched shunt status

· Series capacitor staging/bypass status

· Modeling and status of nearby generators

· Split bus configurations, relaying schemes, or other area-specific concerns as identified by the affected TSP(s) and ERCOT

· Sensitivity of plant dispatch level, initial reactive power dispatch, and number of units online

· Inadvertent impact of Special Protection Systems(SPSs) or Constraint Management Plans CMP(s) effecting lines or equipment operating at the same voltage as the series capacitors 

[bookmark: _Toc437433740]Criteria

· IGE / SSCI Criteria

· When considering the total impedance of the generator and the grid, if the total resistance is negative at a reactance crossover of zero ohms from negative to positive with increasing frequency, then the scenario is considered to have IGE/SSCI vulnerability. Otherwise, the scenario is not considered to be of concern. (Note:  An extra margin may be necessary.)

· Torsional Interaction (TI)

· The sum of electrical damping (De) plus inverse mechanical damping (Dm) resulting in a negative value indicates TI vulnerability. Considering the uncertainties associated with the mechanical mode frequency, Dm of the mode should be compared to De at +/- 1 Hz of the modal mode frequency is utilized to compare to De.	Comment by Author: The use of De and Dm are reversed from the May 2015 draft.  What caused this proposed change?

· Torque Amplification (TA)	Comment by Author: The May 2015 draft included a proposal for dealing with unavailable FLE data. What caused the proposal to be deleted?

· Frequency Scan:  When considering the total impedance of the generator and the system, a 5% reactance dip occurring within a +/- 3 Hz of a complement of the modal frequency indicates TA vulnerability.

· Detailed Analysis:  Acceptable Fatigue Life Expenditure (FLE) criterion is less than 50%.

· If shaft FLE curves are not available, the acceptable criterion is no more than 10% increase in transient torque above that when the series reactance of the compensated line model is reduced to emulate the series capacitor’s effect at fundamental frequency.




[bookmark: _Toc437433741]Modeling Requirements

· Provided by TSP

· If applicable, information regarding series capacitor protection and metal oxide varistor (MOV) circuits. 

· Station one-lines, information regarding split bus configurations, stuck breaker contingencies, and bus faults.

· Contingency conditions to be evaluated for each series capacitor under study.

· Provided by Interconnecting Entity (IE) or Resource Entity (RE)

· Conventional Generators

· Mechanical Data as required by SSR tab in RARF

· Generator electrical dynamic data

· If applicable, plant load data and load ratios (PQ, motor, etc.)

· If applicable, shaft fatigue life expenditure curves (FLE curves)

· Intermittent Renewable Resource (IRR)

· Collection system details

· Number and type of turbines or inverters 

· Supplemental reactive equipment, e.g., switchable shunts, STATCOMs, and SVCs

· Frequency dependent impedance table listed in the Appendix A.

· EMT models of turbines/inverters with at minimum the option to adjust dispatch levels, power factors, number of turbines/inverters, enable/disable SSR mitigation function if applicable.

· Provided by ERCOT

· Review contingencies to be studied and any additional conditions to be evaluated.

[bookmark: _Toc437433742]SSR Countermeasures

Where required by the ERCOT specified SSR countermeasure requirement criteria, a follow-up study may be required to study and demonstrate the effectiveness of the proposed mitigation and/or protection options.

[bookmark: _Toc437433743]Deliverables

SSR study report should include the following if applicable:

· Generator size, MVA base, and technology type (e.g. combined cycle, wind, etc)

· Table of spring-mass data and assumed damping for conventional resources

· Model name and PSCAD model for IRRs

· Identify series capacitors and contingencies being evaluated

· Identify point from which scans are conducted (e.g. POI, low side of GSU, etc)

· Tables of results showing whether certain combinations of contingencies and / or sensitivities are vulnerable

· Plots of generator-side frequency scan (R,X versus frequency)

· For IRRs, table of generator-side frequency scan impedances, if available

· Damping plots for conventional plants

· Comment on potential interaction with nearby units
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