VAR-001-1
Voltage and Reactive Control (Revision of 0 Standard)


	Commenter
	Reliability Need
	Acceptable Translation
	Comments

	IESO
	
	
	(From Q 4 – Other comments)

R1. We suggest changing the reference of MVAR as Mvar, as this is a SI abbreviation.

R10.2  We suggest addition of a requirement/obligation for the Generator Operator to log information and times where they needed to run the generator to control power factor or reactive power.

	Response:  The drafting team will make the abbr. consistent.  The drafting team can not determine a reliability need for this addition in R10.2.

	Carson Taylor – Bonneville Power Administration
	
	
	As noted by IDWG, another standard is needed for automatic control of voltage and reactive power.  Best practice is to rely primarily on automatic control, realizing that disturbances can evolve to blackouts within seconds or a few minutes—before operators can take action.

	Response:  Thank you for your comment.  Please submit a SAR for the referenced proposed standard.

	Peter Burke – American Transmission Co. 
	Yes
	No
	We fully support moving R9.1 and R9.2 to VAR-002. 

V1 of this standard should be enhanced to include Measures that address all the Requirements R1--R12 comprising it. While the translation resulting in R3, R10, R11 and M1-M3 is acceptable, not fixing the pre-existing deficiencies (i.e. absence of any Measures) in the V0 standard makes the resulting VAR-001-1 an incomplete V1 revision.

	Response: Thank you for your comment.  The drafting team notes this modification to include measures for existing V0 requirements is outside the scope of the subject SAR. 

	Greg Ludwicki – Northern Indiana Public Service Co. 
	Yes
	No
	Would like the vebiage to read either Generator Owner or Transmission Owner to supply this information.  In our company, the Transmission Operator keeps the official records.  

	Response:  The drafting team has considered your comment and believes the language in R10 requiring the TOP to provide procedures to the GOP allows the TOP to keep the records as long as the GOP provides the information in R10.2.

	Kansas City Power and Light
	Yes
	No
	Added new requirements and revised several others.  There is currently no standard that addresses voltage stability analysis and associated limits. 

	Response:  The drafting team cannot respond to this comment due to insufficient information.  Please submit a SAR for the referenced proposed standard.

	Mark Kuras – MAAC
	Yes
	No
	All requirements are not dealt with in measures and levels of non-compliance.

	Response:  The drafting team notes this modification to include measures for existing V0 requirements is outside the scope of the subject SAR.

	Kenneth Dresner – FirstEnergy Solutions
	Yes
	No
	The standard is well written but the 5 day time frame to respond to R5 is to short 

The number of transformers can amount to the hundreds and a response time of 30 business days seems more appropriate.  

Also the definition of Auxillary transformer needs to be clear.

I believe that by merging of the standards will make the tracking of compliance more difficult. The issue of being noncompliant on one Requirement will roll up to the noncompliance to the overall standard 

This will make physically tracking the compliance levels more difficult

	Response:  The drafting team believes the standard already references 30 days.  The draft standard has been clarified to classify auxiliary transformers.  The drafting team appreciates you comment.

	Xcel Energy – Northern States Power
	Yes
	No
	Requirement R2 -  "shall acquire" is a financial term, not a guidance term. Recommend  change to "shall maintain".

Requirement R5.1 - "shall notify the Generator Operator of a voltage schedule or reactive output " is not clear. Recommend change to " the Transmission Operator shall direct the Generator Operator to either maintain or change its voltage schedule or reactive output as necessary"  

	Response:  The drafting team notes items R2 is original V0 approved therefore modification concerning “acquire” is outside the scope of the subject SAR. The draft standard has been modified based on your comments.  

	Gred Mason – Dynergy Generation
	Yes
	No
	1. Section B,R3-Suggest deleting reference to "reactive schedule"-a "voltage schedule" is the practical requirement that should be provided to the Generation Operator.

2. Section B,R3-Suggest clarifying that a voltage schedule is a range of voltage(not a specific voltage) and that voltage schedule should take into account voltage measuring accuracy and the dynamics of system voltage. The voltage schedule must also be a range of voltage(not a specific voltage) in order to comply with the R3 provisions of VAR-002-1.

3. We agree with moving R9.1 and R9.2 to VAR-002.

4. In Section B,R11 change the word "instructing" to "requiring"(consistent with the current standard).

5. There should be a "Requirement" added for the Transmission Operator to develop and provide a procedure to the Generator Operator regarding the R3 provisions of VAR-002.

	Response:  The drafting team believes R3. is written properly as it provides options to specify reactive needs to generators.  There are TOPs who are providing GOPs with directions based on a reactive schedule.  The drafting team believes a specific voltage with tolerances, or a voltage range is used for a voltage schedule so the drafting team believes no clarification of the term voltage schedule is required.  The drafting team has moved R9.1 and R9.2 as suggested.  The draft standard has been modified based on your comments regarding “instructing”.  The standard has been modified to reflect this comment.

	IESO – Ontario
	Yes
	No
	Questions are raised regarding the dropping of Generator Operators from this standard. It seems that there is a lot of responsibility placed on the Generator operators to notify the Transmission operators. Moreover, in addition to requirements laid down in section 9.1 & 9.2 of VAR-001 there are other requirments given in section R3 & R5 etc that necessitates the retention of Generator operator application in this standard.

R2 should refer to Table 1 in TPL-001-0 to 004-0 for those contingency conditions that shall be considered.   

	Response:   The DT does not agree with the first comment, as R3 and R5 is primarily the responsibility of the TOP to provide to the GOP, 9.1 and 9.2 have been moved to VAR-002, so the Applicability to Generator Operators is not required. TPL-001 through TPL – 004 deal with long term planning, whereas R2 of this standard deals with the real – time near term operating horizon, therefore the DT does not agree with this comment.  The drafting team believes this beyond the intent R2.

	Brandon Snyder – Duke Energy 
	Yes
	No
	Requirement 6 is not a requirement.  It is an understood entitlement of power.  R11.2 should encompass entire standard. R5 should not contain all generators, the RRO should efine exemption criteria. 

	Response:  The drafting team has reviewed R6 and realized it was a duplicate of R7.  The drafting team still believes a requirement such as R7 is a necessary requirement for reliability.   The drafting team has modified the standard to reflect the comment on R5.

	Pacific Gas and Electric Richard Padilla

Greg Reimers
	
	
	R7 The basis for the requirement should be expanded “… to maintain system, interconnection, and nuclear power plant offsite power voltages within established limits.”

	Response:  The drafting team believes that maintenance of system voltages within established limits encompasses nuclear plant offsite power voltages therefore no expansion of R8 (previously R7) is required.


R10. In the WECC this requirement is handled through RMS and R10 would require new procedures are agreed to by Generators in the WECC. Change to read: "Each Transmission Operator, Balancing Authority or Reliability Authority with synchronous generation …"

	

	Response:  The drafting team has modified R9.1 and R9.2 as suggested.  The drafting team, that has WECC members, believes this requirement does not conflict with the RMS.  If SCE believes there is a conflict, the drafting team suggests SCE submit for a regional difference to the standard.

	SPP Transmission  Working Group
	Yes
	No
	No timeline for voltage schedules.  R12 – no standard for NERC Votage Stability Analysis in associated limits. 

	Response:  The drafting team does not have sufficient information to respond to the first comment.   Please submit a SAR for the referenced proposed standard.

	Southern Company Generation
	Yes
	No
	We believe the generator operator requirements R9, R10, and R11 should be deleted from VAR-001-1 and addressed separately from the Transmission by placing it in VAR-002-1 and reworded more appropriately.  

	Response:  The DT does not agree with the first comment, as R10 and R11 is primarily the responsibility of the TOP to provide to the GOP the corresponding GOP requirements are included in VAR-002-1.  The requirements R9.1 and 9.2 have been moved to VAR-002, so the Applicability to Generator Operators is not required

	Jerry Nicely – TVA Nuclear Generation

SERC EC Generation Subcommittee (GS)

D. Byran Guy – Progress Energy, Inc.
	Yes

Yes
	No
No
	All generator operator requirements should be removed from VAR-001-1 and reconciled with the requirements in VAR-002-1.  Strike the words and auxiliary from all sections of the standard.

	Response:  The drafting team agrees and has made the revisions to the standard.  The drafting reviewed the use of “auxiliary” and made modifications to the standard.

	Tennessee Valley Authority
	Yes
	No
	All generator operator requirements should be removed from this standard and reconciled with the requirements in VAR-002-1 and if not, then generator operators should be added in the Applicability Section. Strike the words “and auxiliary” from all sections. 

R4 mentions Marketers, but there is no mention in the Compliance section.

R6 and R7 are redundant. Delete R6

	Response:  The drafting team agrees and has made the revisions to the standard.  The drafting reviewed the use of “auxiliary” and made modifications to the standard.  The comment regarding R4 is outside of the scope of the current SAR.  The drafting team agrees and has made the revisions to the standard.  

	Resource Issues Subcommittee
	Yes
	No
	1.  R5 should allow for alternatives to the open-circuit step response test, such as on-line transient data collection methods.

2.  RIS believes that consideration should be given in this standard to collecting the appropriate data to verify that units will perform as simulated.  All of the information requested in R3 may not be necessary, and should not be required unless specified by the Region.

	Response:  The drafting team believes the RIS is referencing the wrong standard.

	NERC Interconnection Dynamics Working Group
	Yes
	No
	Change the Title to:  Operational Voltage and Reactive Control — This standard appears to be aimed at the operator…a number of changes should be made to Standard VAR-003 to specifically address automatic voltage and reactive control from a planning perspective.  — Modify R.2 – Clarify what is meant by contingency conditions…R8 limits it to single contingencies, which are often not sufficient for analysis and operations.  — R5.1 – Remove phrase: to maintain Interconnection and generator stability.  — R5 – Add the terms …and availability… after the word status — Reword R10.4 to read:  Specify narrowly defined criteria by which generators are to be exempted from the above requirements, for example, to allow for temporary operating conditions.  – Having a general exemption clause weakens the standard and causes loopholes.  — R8 should be modified to read: …voltage under next contingency conditions…  First appears to be a typo and appears to be confusing…the next contingency is the first contingency from the current operating condition.

	Response:  The drafting team believes the title is appropriate because it has both operational and planning aspects.  Comments regarding VAR-003 should be addressed in the VAR-003 standard comments.  The drafting team notes items R2 is original V0 approved therefore modification concerning clarification is outside the scope of the subject SAR. R5.1 (now R6.1) has been modified.  The drafting team believes availability is included as part of status.  The drafting has reviewed the exemption wording and has made a modification to the draft in response to comments.  First contingency was part of the approved V0 standards and is therefore not part of the scope of this SAR.

	Southern Company – Transmission
	Yes
	No
	Revise  R9.1. Each Generator Operator shall provide information to its Transmission Operator on the status of all generation reactive power resources, including the status of each voltage regulator and power system stabilizer, within 30 minutes or via real time SCADA as determined by the TO

	Response:  In response to the industry comment R9.1 will be moved to VAR-002-1.  The drafting team believes adding via real time SCADA as determined by the TOP does not enhance the requirement as SCADA signals should be received within 30 minutes and the TOP is directed to provide the GOP with a procedure as defined in R10.  VAR-002-1 does include a 30-minute requirement.

	Joseph D Willson – PJM
	Yes
	No
	Level 1 Only deals with reporting stuff and not with real-time operations.

Level 2 Only Requirement 10 talks about exemptions.

Level 3: unsure what is being measured. Is it any directive from the TO that is being measured versus real-time voltage/reactive? What amount of data are we talking about.


R3 needs to be re-written to state “Each TO shall specify a voltage schedule, voltage range, Reactive schedule, or reactive range for operations to be …”

The standard has many good requirements. However, the measures and therefore compliance levels 

Any exemptions must be in the Regional Differences Section of the standard

	Response:  Thank you for your comment, but the drafting team does not have sufficient information to respond.  The drafting team has eliminated R10.4 and believes level two should reference R4.1.  The intent of Level 3 is to determine if the documentation was provided as required.  The drafting team believes a specific voltage, a specific voltage with tolerances, or a voltage range is used for a voltage schedule so the drafting team believes no clarification of the term voltage schedule is required. The individual procedures would include any specific exemptions to the individual Transmission Operator’s requirements and would not necessarily be addressed at a regional level.  Thank you for your additional comments.

	Individual Members of CCMC
	Yes
	No
	Level 1 Only deals with reporting documentation and not with real-time operations as required by much of the standard.

Level 3: unsure what is being measured? Is it any directive from the TO that is being measured versus real-time voltage/reactive? What amount of data is required?

This draft creates a standard made up from an incomplete V0 standard and 3 Phase 3 – 4 planning measurements. The result is confusing unless the original V0 requirements/measures/levels of non-compliance can be modified. It would be more complete and accurate if the proposed standard only merged Phase 3-4 planning measurements.

R3 needs to be re-written to state “Each TO shall specify a voltage schedule, voltage range, Reactive schedule, or reactive range for operations to be …”

The standard has many good requirements. However, the measures and therefore compliance levels need to reflect them. 

It may be more appropriate to include any exemptions in the Regional Differences Section of the standard..

	Response:  Thank you for your comment, but the drafting team does not have sufficient information to respond.  The drafting team has eliminated R10.4 and believes level two should reference R4.1.  The intent of Level 3 is to determine if the documentation was provided as required.  The drafting team believes this comment regarding modification of the V0 standards is outside the scope of the subject SAR.  The drafting team believes a specific voltage, a specific voltage with tolerances, or a voltage range is used for a voltage schedule so the drafting team believes no clarification of the term voltage schedule is required. The individual procedures would include any specific exemptions to the individual Transmission Operator’s requirements and would not necessarily be addressed at a regional level.  Thank you for your additional comments.

	PPL Corporation
	Yes
	Yes
	PPL believes that a NERC standard should require all Generator Owners to have their Automatic Voltage Regulators (AVRs) in service and to immediately report any AVR outages to the system operator.

	Response:  The drafting team based on other industry comments believes exemptions to the AVR reporting requirements should be allowed.

	Karl Kohlrus - City Water, Light & Power
	Yes
	Yes
	There should be a provision that AVR should be able to be turned off if the machine is operating at its limit.  Prior to the August 14, 2003 blackout, Eastlake 5 was operating at maximum real and reactive output.  Since it was in AVR mode, it tripped when it tried to produce even more VARs than it was capable of producing when the voltage declined further.

	Response:  The drafting believes the standard as written is appropriate.

	WECC Reliability Subcommittee
	Yes
	Yes
	WECC RS agrees with moving 9.1 and 9.2 to VAR-002-1

	Response:  Thank you.  The drafting team has made the change based on industry support.

	Doug Hohbough – First Energy Corp.
	Yes
	Yes
	Proposed move os sections to VAR-002-1 is ok.

	Response:  Thank you.  The drafting team has made the change based on industry support.

	John Horakh – MACC
	Yes
	Yes
	Ok to move R9.1 and R9.2 to VAR-002

	Response:  Thank you.  The drafting team has made the change based on industry support.

	NPCC CP9  RSWG

Alan Adamson - NYSRC
Consolodated Edison 

Cinod Kotecha

Kathleen Goodman – ISO-NE
	Yes

Yes

Yes

Yes

Yes
	Yes

Yes

Yes

Yes

Yes
	R2 should refer to Table 1 in TPL-001-0 to 004-0 for those contingency conditions that shall be considered.  

	Response:  TPL-001 through TPL – 004 deal with long term planning, whereas R2 of this standard deals with the real – time near term operating horizon, therefore the DT does not agree with this comment.  The drafting team believes this beyond the intent R2.

	Michael C. Calimano – NYISO
	Yes
	Yes
	R2 should refer to Table 1 in TPL-001-0 to 004-0 for those contingency conditions that shall be considered.  

R3 should apply to all generators and not just synchronous generators.

R9 NYISO recommends evaluating TOP-004-0 to determine if this requirement is captured within the IROL and SOL requirements.  Consider incorporating the necessary language into the TOP-004 standard and deleting R9.

R9.1 would be more appropriate as R10.1

R9.2 is addressed in VAR-002-1 and should removed.

R11.2 does not have a valid purpose and should be removed from VAR-001-1.

R12 should be in TOP-004 and be removed from VAR-001-1

There are requirements without measurements.  All requirements should have measurements.

	Response:  TPL-001 through TPL – 004 deal with long term planning, whereas R2 of this standard deals with the real – time near term operating horizon, therefore the DT does not agree with this comment.  The drafting team believes this beyond the intent R2.  The drafting team does not agree with the comment concerning R3 as induction generation cannot generally provide VAr support.  The drafting team has made the change based on industry support.  The drafting team has evaluated TOP-004-0 and has determined there is insufficient support to move R9 to TOP-004-0.  The drafting team has moved R9.1 and R9.2 to VAR-002-1 as supported by the industry.  The drafting team has modified the standard relative to R11.2 based on industry comments.  The drafting team does not believe the industry supports the movement of R12 to TOP-004-0.  The drafting team notes this modification to include measures for existing V0 requirements is outside the scope of the subject SAR.

	FRCC
	Yes 
	Yes
	Need to define voltage or reactive schedule and use consistently in the standard.

Delete R9.1 and R9.2 and re-word R5 to include clearly defined requirements of the Transmission Operators and Generator Operators.

Generator Operators should be required to determine the reactive setpoint required to maintain generator stability, not Transmission Operators.  Clearly delineate the responsibilities for interconnection stability (Transmission Operator) and generator stability (Generator Operator).

R3, R10 and R11 need to be re-written to clarify the intended requirements.

	Response:  The drafting team believes a specific voltage, a specific voltage with tolerances, or a voltage range is used for a voltage schedule so the drafting team believes no definition of the term voltage schedule is required.  The drafting team believes it has applied voltage and reactive schedule consistently throughout the standard.  The drafting team has moved R9.1 and R9.2 to VAR-002-1 as supported by the industry.  The comment concerning R5 deals with the portion that is an approved V0 standard and therefore modification is not within the scope of this SAR.  The drafting team believes the TOP determines the setpoint within the parameters of the specific machine.  The drafting has modified the R10 and R11 based on industry comments, R3 was not modified as it was part of the approved V0.

	Gerald Rheault – Manitoba Hydro
	Yes
	Yes
	This standard should apply to all generators, not just synchronous generators.

R2: How does one measure if reactive resources are sufficient? Also, clarify contingency conditions- Cat B, C & D?

R8: requires reactive resources to support voltage under first contingency. Does this conflict with R2?

The wording in R3 should be modified so it is not mandatory  for each generator to have a voltage schedule.  For vertically integrated utilities the process of managing voltage and reactive control may be performed in a way such that a voltage schedule for each generator is not actually produced and communicated through a formal process which should be acceptable.

	Response:  The drafting team does not agree with the comment concerning R3 as induction generation cannot generally provide VAr support.  The drafting team believes the comment concerning R2 is included in VAR-003-1.  Clarification of contingency conditions and modification of R8 or R2 is outside the scope of this SAR because R2 and R8 are existing V0 Requirements.   The DT believes that the Standard contains language that allows for generator to be exempt from a requirement to have a voltage schedule.  

	Midwest Reliability Organization
	Yes
	Yes
	Move VAR-001-1 R9.1 and R9.2 to VAR-002 R1.1 and R1.2 so that all Generator Owner requirements are together.

D2.2.2 and D2.2.3 can "incomplete" be defined as a measurable quantity?

In R3, after "Each Transmission Operator shall", add the words "maintain a list of synchronous generators that are required to follow a voltage schedule, and".  It should not be mandated that every unit have a voltage schedule developed for it.  Also, this allows for the deletion of R3.1, which then becomes redundant.  Note that without any change, R3 seems to indicate all generators must have a voltage schedule, while R3.1 seems to indicate only some need a schedule.

Add a M4 that reads "In the event a voltage collapse occurs, the Purchasing-Selling Entity or Transmission Operator shall, within 30 calendar days of a request, provide documents to the Regional Reliability Organization and NERC demonstrating the actions it took under R2 (TO), R4 (PSE), R6 (TO), R8 (TO), and R12 (TO) to prevent the voltage collapse."  Corresponding language should also be added under Level 4 of the Non Compliance language.

	Response:  The drafting team has moved R9.1 and R9.2 to VAR-002-1 as supported by the industry.  The expectation for being in compliance  would be 100% information anything less would be incomplete.   The DT believes that the Standard contains language that allows for generator to be exempt from a requirement to have a voltage schedule.  The drafting team notes this modification to include measures for existing V0 requirements is outside the scope of the subject SAR.

	Rebecca Berdahll – Bonneville Power Administration

Karl Bryan – Corp of Engineers

Jay Sietz – US Bureau of Reclamation

Brenda Anderson
	Yes
	Yes
	Within WECC the requirements of R10 have been communicated to the generation owners via the RMS.  

Provide additional clarity to R4 to avoid possible misinterpretations of this requirement.  Is the Transmission Provider to provide the reactive quantity to the PSE for each transaction?  What PSE documentation is NERC requiring to document this requirement has been met? The applicability statement does not include the Transmission Provider.

	Response:  Thank you for the comment on RMS.  The drafting team notes that modification to R4 would be a change to an approved portion of a V0 requirement and is outside the scope of the subject SAR.  The comment regarding the transmission provider and PSE is not within the scope of this SAR.

	Deborah M. Linke – US Bureau of Reclamation
	Yes
	Yes
	Within WECC the requirements of R10 have been communicated to the generation owners via the RMS.

	Response: Thank you for the comment on RMS.

	SERC EC Planning Standards Subcommittee (PSS)


Entergy

John K. Loftis, Jr. – Dominion – Electric Transmission
	Yes

Yes

Yes
	Yes

Yes

Yes
	Suggest that R6 be deleted since all the R6 requirements are included in R7. 

The PSS agrees with moving R9/1 and R9/2 to VAR-002.

	Response:  The drafting team has modified the standard based on industry support..

	Raj Rana – AEP
	Yes
	Yes 
	Change the title to Real Time Voltage and Reactive Control.  This is to reflect the focus of this standard, which is in the transmission operations arena.  

Reword R8 as follows: Each Transmission Operator shall maintain reactive resources to support its voltage under credible contingency conditions.  (This allows looking at n-1 as well as multiple contingencies.)

	Response:  The drafting team believes the title is appropriate because it has both operational and planning aspects.  The drafting team notes that modification to R8 would be a change to an approved portion of a V0 requirement and is outside the scope of the subject SAR.

	Transmission Issues Subcommittee
	Yes
	Yes
	R2 should clarify that the Contingency conditions are those contingencies described in Table 1 of NERC standards TPL-001, 002, 003, and 004.

 "synchronous" should be removed and R3 should apply to all generators.

R8 only refers to first contingencies. The drafting team should confirm whether that is the intent of this Requirement.

R12 should provide guidance to the TO on anticipating contingencies, such as Category D from Table 1 of the TPL standards, that could lead to voltage collapse.

	Response:  The drafting team notes that modification to R2, R8, and R12 would be a change to an approved portion of a V0 requirement and is outside the scope of the subject SAR.  The drafting team does not agree with the comment concerning R3 as induction generation cannot generally provide VAr support.  

	Transmission Subcommittee
	
	
	VAR-001-1, A. Introduction, 4.  Applicability, TS recommends adding "4.3.  Transmission Service Provider" - TS: TSP is used in R4.

VAR-001-1, R3, TS recommends adding language for technical accuracy as follows: Each Transmission Operator shall "maintain a list of synchronous generators and shall (add)" specify a voltage or reactive schedule . . . TS recommends deleting R3.1, with additional language inserted into R3

VAR-001-1, R8.1., TS recommends the following language change: Each Transmission Operator "disperse and locate (delete)" "direct the operation of (add)" of reactive resources so that . . .

VAR-001-1, R9., TS recommends evaluating TOP-004-0 to determne if this requirement is captured within the IROL and SOL requirements.  Consider incorporating the necessary language into the TOP-004 standard and deleting R9.

VAR-001-1, R9.1, TS recommends moving R9.1 to R10.1, since it is more appropriate under R10.

VAR-001-1, R9.2, TS recommends deleting R9.2, since it is essentially captured in VAR-002-1.

VAR-001-1, R11.2, TS Comment: R11.2 doesn't seem to have a valid puirpose.  R11.2 should either be deleted, or language should be added to clarify its purpose/intent.

VAR-001-1, R12, TS recommends evaluating TOP-004-0 to determine if this requirement is captured within the IROL and SOL requirements.  Consider incorporating the necessary language into the TOP-004 standard and deleting R12.

TS Observation: There are requirements that do not have measures.  The TS was under the impression that all requirements needed to have measures to meet the criteria of the Standards Process Manual.

VAR-001-1, M4, TS Recommendation and Consideration: TS Recommends adding M4 as follows: "M4. In the event a voltage collapse occurred on the bulk electrical system under the control of the Transmission Operator during the performance period, the Transmission Operator shall produce documents, within 7 calendar days, demonstrating the actions it took under VAR-001-1, R2, R6, R8, and R12, in an effort to prevent the voltage collapse."

VAR-001-1, M4, TS Consideration: TS recommends evaluating Measure M4 for inclusion within TOP-004, and remove the measure from this standard.

VAR-001-1, D. Compliance, 2.4., Level 4: TS recommends adding the following second paragraph to VAR-001-1, 2.4., "In the event a voltage collapse occu8rs, if the Transmission Operator has inadequate documentation demonstrating it took proper preventative actions under VAR-001-1, R2, R6, R8, and R12."

VAR-001-1, Compliance, 2.4., Level 4, TS Consideration: TS recommends evaluating Compliance Level 4 language for inclusion within TOP-04 and remove the Level 4 language from this standard.

	Response: The drafting team notes that modification to the Applicability section would be a change to an approved portion (R4) of a V0 requirement and is outside the scope of the subject SAR. The DT reviewed this comment and believes that R3 and R3.1 are acceptable as written.  (There was minimal support for this change from the industry.)  The drafting team notes that modification to R8, R9, R12, and changes to Compliance 2.4 Level 4 would be a change to an approved portion of a V0 requirement and is outside the scope of the subject SAR. In response to this and other industry comments, the DT has revised this standard and moved R9.1 and R9.2 to VAR-002-1.  The drafting team has modified the standard relative to R11.2 based on industry comments.  The drafting team notes this modification to include measures for existing V0 requirements (including the suggested M4) is outside the scope of the subject SAR. 

	Joseph F. Buch – Madison Gas and Electric
	Yes
	
	

	Samuel W. Leach – TXU Power
	Yes
	Yes
	

	Ed Riley – California ISO
	Yes
	Yes
	

	ISO/RTO Council Standards Review Committee
	Yes
	Yes
	

	Ronnie Frizzell - Arkansas Electric Coop. Corp.
	Yes
	Yes
	

	Dan Griffiths – PA Office of Consumer Advocate 
	Yes
	Yes
	

	Howard Rulf  - WE Energies
	Yes
	yes
	


	Les Pereira P.E.

General Comments Related to VAR-001-1, VAR-002-1, VAR-003-1 Standards

The VAR series of NERC Standards: VAR-001-1, VAR-002-1, VAR-003-1 on Voltage and Reactive Control, Generation Operation and Planning Assessment are one of the most important of the NERC Standards and touch upon one of the most difficult topics in system planning and operation today, namely to ensure that system reactive resources are “adequate” or “sufficient” to plan and operate the system so that voltage stability is ensured. 

The three standards collectively have failed to : 

1. Properly recognize, define and quantify “adequate” or “sufficient” reactive resources;

2. Describe how these are measurable in real-time and so indicated to the operator;

3. Differentiate the special requirements for “emergency” operation that require special approaches in real-time versus “normal” states of the system.

4. Make it clear what are the precise roles of the various entities: Transmission Operators/Purchasing-Selling Entities, Generator Operators and Transmission Planner/Planning Authority to ensure supply of adequate reactive resources, particularly during emergencies.

Given the importance of voltage control and reactive reserves and the role it played in the last three major blackouts : the July and August 1996 blackouts in the Western Interconnection and the August 2003 blackout in the Eastern Interconnection, it behooves NERC to seriously examine the adequacy of its VAR standards in addressing a difficult and contentious issue.  Numerous smaller events also illustrate the effects on reliability of MVAR deficiency on a smaller scale than the larger blackouts.  Indeed the rules and approaches in recognizing the importance and difficulty of reactive power assessment and supply need to be reassessed.  FERC has recognized this, has taken the lead, and issued a comprehensive report which is the best first step in addressing the real MVAR requirements that the system needs to have to operate reliably and efficiently and the need for the industry/market to realize its importance.  Now it is NERC’s turn to likewise recognize the crucial role of voltage control and reactive power for voltage stability and include special requirements in NERC Standards.  (The term MVAR is used in these comments to mean ‘reactive power’).

Emergency Conditions need Special Requirements 

The proposed draft of NERC Standards VAR-001-1, 002-1, and 003-1 essentially describe basic “good utility” practices that are applicable and generally work well when operational conditions are “normal” including regular N-1 contingencies.  These requirements are such that any Transmission Operators/Purchasing-Selling Entities, Generator Operators, and Transmission Planner/Planning Authority could meet under those conditions.  The standards require that:  “Each Transmission Operator shall acquire “sufficient” reactive resources within its area to ensure “adequate” voltage levels under normal and Contingency conditions.”  (From R2 of VAR-01-1, quotation marks added).  When a blackout occurs, the involved entities can take refuge in the lack of specificity of the standards to defend their case.  Adding the words “and if necessary load shedding” does not make the standard any stronger, because the necessary specificity to the operator to determine the circumstances when to resort to load shedding is not provided.  Load shedding decisions cannot be taken lightly.  If delayed too long, conditions could lead to blackouts.  If done too early, the operator will face the inevitable recriminations and pay for potential liabilities.  Hence the Standards should have special provisions for operation in emergency conditions.  This is explored further later.

Dynamic vs. Static Reactive Power Sources Must be Recognized in the Standards

Static reactive power is supplied by static devices such as shunt or series capacitors, and the capacitance of the lines.  Dynamic reactive power is supplied by dynamic machines such as synchronous generators or condensers.  Static var compensators because of automatic controls are also classified as ‘dynamic’.

The factors of location, MVAR quantity, quality i.e. static or dynamic, and the time, season, and system operating conditions, all directly affect the ‘adequacy’ and ‘effectiveness’ of reactive power reserves.

Shunt capacitors are a cheap source of MVAR supply.  It works well when voltages are normal. However, the quantity of MVARs supplied by shunt capacitors is directly proportional to the square of the voltage.  Hence as the voltage plunges, so does the effectiveness of shunt capacitors. Eg at 90% voltage, the shunt capacitor will put out only 81% of the rated MVARs.  This becomes more and more critical as loads peak and voltages deteriorate in voltage instability prone areas during emergency condiitons.  As line flows increase, MVAR flow through lines increase as voltages decrease and MW losses increase.  This gets worse as key lines or generators trip in the MW and/or MVAR deficient area.  The end comes usually suddenly as voltage drops (at 80% voltage, the shunt capacitor MVARs is just 64% of rated) and may likely be controlled only by load-shedding.  

The total of the static and dynamic capability should exceed the total MVARs ‘absorbed’ by the load and the lines and transformers in the area of concern by an ‘adequate’ margin (also called the reserves).  The ‘margin’ computation is made for a variety of contingencies. The difficulty is in exactly computing what the ‘reserves’ should be and what the static and dynamic parts should be that will be ‘adequate’ for various operating conditions.  The split between the required Dynamic and Static MVARs has to be computed on a case by case basis for critical areas.  Several empirical methods exist to determine this split, but have proved inadequate during post-mortem studies of blackouts.

There are analytical methods and tools to determine reactive power MVAR reserves. Static methods use computations that provide MW Power-Voltage and MVAR-Voltage curves (also known as PV and QV curves).  Dynamic methods use stability programs with special provisions for long runs (minutes rather than seconds).  These VAR Standards do not even mention dynamic and static VARS or these analytical tools.   

Locational Decisions and Identifying Potential Voltage Instability Areas
MW power is transmitted from generators to loads through the transmission network.  The network voltages must be maintained by MVAR supply for power to flow.  As loads increase, flows through the lines increase, voltages decrease and MW and MVAR losses increase.  This gets worse as key lines or generators trip in the general area.  (When this gets into an uncontrollable repetitive cycle, we have ‘voltage instability’ as voltages collapse).  To support voltage in an area, the reactive power is best supplied close to where the system voltage sags are the greatest, or where a reactive power ‘deficiency’ has been identified.  Transmission Operators should be required by the standards to identify all potential voltage instability areas, determine the critical buses and the potential contingencies that could lead to voltage instability.  This may not cover all conditions but will narrow the list to critical ones.  Operating instructions should identify optimum location(s) and the amount of MVAR needed to maintain voltages for a variety of contingencies and operating conditions. 

It should be noted that the power system is a continually growing dynamic system in terms of loads, and generators.  Many areas have experienced problems as generators retire and are not replaced by new generation, or are replaced by cheap, remotely located generation supply. 

Planning Vs Operation Scenarios

In the planning standards similarly, it should be required to identify all potential voltage instability areas and the optimum location(s) and the amount of MVAR needed to maintain voltages for a variety of contingencies and operating conditions.  The answers may be quite different in planning studies which may show adequate MVAR reserves in generators.  But in a real-time operation situation where generators are bid into the market on a MW basis only, the numbers may be quite different.  The MVAR ‘capability’ may well exist in remote generators, but this is different from the actual ‘local capability’ that is required as system conditions get worse.  

Voltage Control Schedules are Usually Prepared Ahead of Time– How Applicable are they in Real-Time?

Questions arise on how good is the Voltage Schedule as it relates to real-time if it is prepared ahead of time.  Wouldn’t the system conditions dictate what the schedule is in real-time?  How will a-100 generators be notified to change their voltage settings if suddenly severe contingencies occur that upsets planned schedules?

Voltage schedules relate to operation practices and are set by operation-planning studies that result in a ‘voltage profile’ that should be maintained.  These schedules generally follow the general directions of flow from generation ‘areas’ to load ‘areas’.  (For e.g. in WECC, the Northwest would have voltages at 110% and the southern buses in California would have voltages close to 100 %.)  The Interconnection however is comprised of many control areas which may have different policies in maintaining its required ‘voltage profile.  Standards should require that they coordinate with other control areas or regions because in real-time, physics ignores man-made borders.  Blackout investigations often show that conditions outside sometimes influence the outcome inside the area.  Real-time operation has additional road blocks as seams issues make it impossible to view conditions outside the control areas.  Standards should encourage a wider view of the system and the possibility of sharing data across systems.

Generator AVRs required to maintain a specified voltage setting

Ensuring a required set-point voltage on generator AVRs is the best way to ensure that voltages will be maintained at the generators – and hence at the EHV bus.  Operation during emergency conditions should be specified.  Automatic over-excitation and under-excitation limiters in generator AVRs ensure that MVAR limits are not exceeded during operation.  The practice of power factor control must be discontinued for generators which must be under continuous automatic voltage control.
The primary function of the generator AVR (Automatic Voltage Regulator) is to regulate generator voltage for the exciter to supply MVARs.  Other features available in AVRs allow for ‘reactive current compensation’ or regulation that takes into account the generator-transformer impedance, or to allow MVAR sharing of many generators in the plant.  ‘Joint control’ of many generators can set the voltage at the HV side as the reference, but will ensure that each unit provides MVARs in proportion to its capability curve. 

Difficulties to the Operator in Recognizing Impending Voltage Collapse

Studies of the 1996 blackouts in the Western Interconnection showed that the MVARs supply from the system shunt caps fell off rapidly towards the end, and generators were not able to supply required MVARs made worse by generator tripping in critical areas.  Operators had difficulty in recognizing that a collapse was imminent on July 2, 1996 from observing the voltages on their voltmeters because recordings showed that the voltages held up well until the last 30 seconds.  Holding up voltages till the last is a characteristic of shunt capacitors.  The quantity of MVARs supplied by shunt capacitors is directly proportional to the square of the voltage, hence as the voltage plunges, so does the effectiveness of shunt capacitors.  In general, the effect of non-availability of reactive power is non-linear in nature as seen in MW Power-Voltage and MVAR-Voltage (PV and QV) curves and is difficult to predict. 

The conclusion is that standards should not emphasize only adequate voltage profiles as a requirement without mentioning the very necessary dynamic reactive power to avoid voltage collapse and a measurement to its adequacy.

Difficulty in Real-Time Measurement of ‘Adequate’ Reactive Reserves.

If the static PV-QV calculations state that there should be for e.g. 500 MVARs of reserves at a specific 500 kV bus, the difficulty is to measure it practically whether such an ‘adequate’ reserve is actually available at that bus. 

Measurement is therefore practically related currently to whether generators plus capacitors plus SVDs in an ‘area’ cumulatively have adequate MVAR reserves.  The area will need to be ‘bounded’ for such a definition to work. 

The conclusion is that a ‘theoretical’ calculation is possible, but a practical measurement or quantification of ‘adequate’ reserves in real-time at a bus is impractical.  The best approach that the industry has at present is to calculate in real-time through state-estimated solutions and ensure ‘adequate’ reactive reserves are available in operation for critical areas during emergencies.

An Important Topic not touched upon in the NERC Standards – Reliability and Optimal System Operation

The Security Constrained Optimal Power Flow (SCOPF) program is the best tool there is today that integrates economics, generation dispatch and transmission power flows considering the reactive power and voltage constraints of the system.  Unfortunately, currently most ISO market systems, except for the NYISO (and a future CAISO), that run LMPs (Locational Marginal Prices),  use only DC SCOPF Programs in dispatching generators that do not consider reactive power and voltage constraints of the system.  DC SCOPF programs assume that voltages are equal to 1.00 pu at all buses.  Hence units will always be dispatched optimally for MW only.  This is understandable because the market currently focuses on MW and not MVAR.

It is therefore very advantageous that AC Security Constrained Optimal Power Flow (SCOPF) Programs be used instead of DC SCOPF programs by Market Systems in dispatching generators in order to include reactive power and voltage constraints of the system.   

Whether the new Standards should recognize these issues in market systems and make it possible to integrate optimal dispatch of MW and voltage control/reactive power dispatch of MVARS will be likely opposed strongly by those who use DC OPF programs.  But this is an opportunity to get things right and efforts should be made in that direction.

Conclusions and Recommendations

A new SAR is required to address the many points raised in these comments.  It is clear that the VAR series of NERC Standards: VAR-001-1, VAR-002-1, VAR-003-1 on Voltage and Reactive Control, Generation Operation and Planning Assessment do not address the critical and practical requirements of voltage control and reactive power under emergency conditions.

These standards must address voltage instability, arguably the most difficult phenomena in systems operation today.  These important NERC Standards to ensure that system reactive resources are “adequate” or “sufficient” to plan and operate the system so that voltage stability is ensured should therefore not have imprecise or vague requirements.

	Response:  Thank you for your comment.  The DT supports the submission of a SAR as described in your conclusions and recommendations.
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