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2.2.5
Automatic Voltage Regulators

(1)
A Resource Entity shall immediately notify its QSE of any change in Automatic Voltage Regulator (AVR) status (i.e., AVR unavailability due to maintenance or failure and when the AVR returns to normal operation).  A QSE shall immediately notify ERCOT and the interconnecting TO of any change in AVR status and shall supply AVR status logs to ERCOT upon request per Protocol Section 6.5.5.1, Changes in Resource Status.

(2)
Resource Entities shall conduct performance tests on AVRs or verify AVR performance through comparison with operational data a minimum of every five years as prescribed in paragraph (5) of Protocol Section 8.1.1.2.1.4, Voltage Support Service (VSS) Qualification, or if equipment characteristics are knowingly modified, within 30 days of the modification.  The test reports should include the minimum and maximum excitation limiters, volts/hertz settings, gain and time constants, type of voltage regulator control function, date tested, and voltage regulator control setting.

(3)
Resource Entities shall verify excitation systems model data upon initial installation, within 30 days of performance modifications, and a minimum of five years thereafter.

(4)
Generation Resource AVR modeling information required in the ERCOT Planning Criteria shall be determined from actual Generation Resource testing described in these Operating Guides.  Within 30 days of ERCOT’s request, the results of the latest test performed shall be supplied to ERCOT and the Transmission Service Provider (TSP).
2.2.10
Generation Resource Response Time Requirements

(1) 
All Generation Resources providing Voltage Support Service (VSS) as described in Protocol Section 3.15, Voltage Support, shall maintain the necessary procedures and processes plus communications, telemetry, remote control, automation, and staffing in order to normally comply with the response times listed below when a VSS Dispatch Instruction or a TO Voltage Set Point instruction, as described in Protocol Section 6.5.7.7, Voltage Support Service, is given.  Compliance is based upon normal operating conditions where VSS Dispatch Instructions respect all equipment operating limits and other restrictions that are periodically placed on equipment.  The response time to a VSS Dispatch Instruction or a TO Voltage Set Point instruction shall commence with the successful receipt by the appropriate Entity. 

(2)
In a Force Majeure Event, compliance with a VSS Dispatch Instruction or a TO Voltage Set Point instruction shall not be required.  TSPs and QSEs shall follow Dispatch Instructions for VSS except under those exemptions described in paragraphs (1) and (2) of Protocol Section 6.5.7.9, Compliance with Dispatch Instructions. 

(3)
The required VSS response times for Generation Resources are: 

(a)
For automatically switchable static VAR capable devices, when voltage or reactive measurements at the POI are outside of the limits as specified in paragraph (d) of Protocol Section 3.15.2, TSP and DSP Responsibilities Related to Voltage Support, then the response (within the operating Reactive Power capability of the Generation Resource) must be sufficient to initiate response in no more than one minute and return the measurement within the required range in no more than five minutes. 
(b)
Response to a VSS Dispatch Instruction or a TO Voltage Set Point instruction, within the Reactive Power capability of the Generation Resource shall be completed in no more than five minutes of the receipt of the instruction.
(4) 
Shutting down and disconnecting Generation Resources from the ERCOT Transmission Grid:

(a)
On-Line Generation Resources must be able to commence their shutdown sequence within five minutes of receipt of a Dispatch Instruction from ERCOT.  Nuclear-fueled Generation Resources shall comply with the procedural requirements of the Nuclear Regulatory Commission (NRC) when receiving Dispatch Instructions from ERCOT to disconnect the Generation Resource from the ERCOT Transmission Grid.

(b)
If the ERCOT Transmission Grid condition requires breaker or switch operations needed to disconnect a non-MW producing generator  from the system shall be completed as soon as practical, but no longer than 15 minutes of the receipt of a Dispatch Instruction from ERCOT.  Once disconnected from the ERCOT Transmission Grid, a Generation Resource shall complete as soon as practical, but no longer than 15 minutes, the required switching to return the system to a normal configuration except for nuclear-fueled Generation Resources which shall comply with the procedural requirements of the NRC when receiving Dispatch Instructions from ERCOT to disconnect the Generation Resource from the ERCOT Transmission Grid. 

2.7
System Voltage Profile and Operational Voltage Control
2.7.1
Introduction

(1)
The system Voltage Profile is the set of normally desired Voltage Set Points for all Generation Resources in the ERCOT System for each Season.

(2)
ERCOT coordinates and conducts studies with the Transmission Service Providers (TSPs) to determine the Voltage Profile.

(3)
ERCOT establishes and updates Voltage Set Points to maintain system voltages within established limits.
2.7.3
Real-Time Operational Voltage Control
2.7.3.1

Operational Guidelines
(1)
The following guidelines describe ideal system operational characteristics and do not establish requirements for any particular Entity:   
(a)
General operational voltage limits are:
	Nominal Voltage
	Normal Operating Limits
	Emergency Operating Limits

	345
	327.75 – 362.25
	310.5 – 379.5

	138
	131.1 – 144.9
	124.2 – 151.8

	69
	65.55 – 72.45
	62.1 – 75.9


(b)
Except for Transmission Facilities that are designed to operate outside of normal operating limits, transmission voltage should not exceed 105% nor fall below 95% of the nominal voltage during normal operation of the system.
(c)
Transmission voltage during emergencies (including contingency events) should not exceed equipment over-excitation ratings.
(d)
Transmission voltage during emergencies (including contingency events) should not result in customer voltage exceeding or falling below prescribed limits at distribution substations on the transmission system.
(e)
Transmission voltage post contingency should not exceed 110% nor fall below 90% of the per-unit voltage. 
(f)
Transmission voltage post contingency should not fall below any Under Voltage Load Shedding (UVLS) set point during normal operations.
(g)
The accuracy of any transmission voltage that appears to exceed normal or emergency limits should be verified prior to taking further actions.
(h)
Major transmission lines should be kept in service during light Load as much as possible.  Lines should only be removed after all applicable reactive controls are implemented.  Time permitting, studies should be conducted to verify that reliability will not be degraded by removing any major transmission line from service. 
(i)
Static reactive devices should be brought On-Line before predicted daily maximum Load or before dynamic reactive Resources reach operating limits.  Static reactive devices will be taken Off-Line during daily Load decline and before dynamic reactive Resources reach operating limits.
2.7.3.2
ERCOT Responsibilities
(1)
ERCOT shall be responsible for ordering necessary generation On-Line to regulate transmission voltage and reactive flow.
(2)
When voltage levels deviate from normal operating limits in the pre-contingency (base case) condition or from emergency operating limits in the post-contingency condition, ERCOT shall take immediate steps to restore voltage levels within the applicable operating limits using all available reactive Resources.  ERCOT may allow additional time for a Transmission Operator (TO) to correct the voltage levels to within limits on sub-100kV facilities prior to ERCOT taking further steps to restore voltage levels.  The steps ERCOT may take include, but are not limited to: 
(a)
Evaluating TO actions taken to correct voltage levels; 
(b)
Ordering additional Generation Resources On-Line; 
(c)
Redispatch of generation; 
(d)
Deploying additional Resources; 
(e)
Ordering static Reactive Power Resources to be put in service; 
(f)
Utilizing temporary changes to limits of Resources or Transmission Facilities;
(g)
Developing a Constraint Management Plan (CMP); 
(h) 
Adjusting a Voltage Set Point; and  
(i)
Firm Load shed.
(3)
For adjustments that would require Generation Resources to operate outside the power factor range specified in paragraph (3) of Protocol Section 3.15, Voltage Support, ERCOT may issue a Voltage Support Service (VSS) Dispatch Instruction to the designated Qualified Scheduling Entity (QSE). 
(4)
For multi-generator busses, ERCOT may not instruct any single Generation Resource to operate beyond its Corrected Unit Reactive Limit (CURL) or Unit Reactive Limit (URL) until all Generation Resources On-Line and interconnected at the same transmission bus have been instructed to their respective CURLs or URLs.
(5)
ERCOT will coordinate Automatic Voltage Regulator (AVR), dynamic and static reactive device Outages to ensure adequate reactive reserves are maintained.

(6)
ERCOT will maintain a performance log of QSE acknowledgements of VSS Dispatch Instructions.
(7)
ERCOT must be aware of the location of and availability of reactive capability.
(8)
ERCOT shall maintain displays to monitor Voltage Profiles and reactive flows. 
(9)
ERCOT shall monitor the status of all transmission Reactive Power resources, including the status of AVRs and Power System Stabilizers (PSSs).  
(10)
If ERCOT has adjusted the Voltage Set Point to a value that is different from the Voltage Profile and the adjusted value is no longer needed, ERCOT shall adjust the Voltage Set Point to be consistent with the value in the Voltage Profile.
2.7.3.3
TO/TSP Responsibilities
(1)
Each TO shall be responsible for directing Voltage Set Points for each Generation Resource interconnected to its TSP’s Facilities.  Each TO will adjust the Voltage Set Point by communicating directly with the QSE responsible for the operation of the Generation Resource.  Normal communication is to request voltage or Reactive Power be raised or lowered at a specified bus by a stated number of kV or MVAR (e.g., + 1 kV, +20 MVAR, or -1 kV, -20 MVAR).  Once a TO Voltage Set Point that is different from the Voltage Profile is no longer needed, a TO shall adjust the Voltage Set Point to be consistent with the value in the Voltage Profile. 
(2)
Each TO shall monitor system voltages and should operate voltage control equipment, including, but not limited to, capacitors, reactors and transformer tap changers to maintain system voltages within limits.
(3)
Each TO shall operate static Reactive Power Resources within its operating area as required while maintaining dynamic reactive reserves provided by Generation Resources.
(4)
Each TO shall provide voltage telemetry to ERCOT for all transmission busses with a Voltage Set Point.
(5)
Each TO shall know the status of static transmission Reactive Power Resources in its operating area and shall provide such information to ERCOT.
(6)
Each TO shall maintain a log of any Voltage Set Point instructions it has issued to Generation Resources concerning scheduled voltage or scheduled Reactive output requests.
(7)
When voltage levels deviate from established limits, the affected TO shall take immediate steps to relieve the condition using available reactive resources under its control.
(8)
Each TSP shall communicate any transmission voltage limits that deviate from those identified in Section 2.7.3.1, Operational Guidelines, to ERCOT via a Network Operations Model Change Request (NOMCR). 

2.7.3.4
QSE Responsibilities
(1)
Each QSE shall ensure that any Generation Resource that it represents and that is required to provide VSS responds to any VSS Dispatch Instruction, including any VSS Dispatch Instruction to exceed its CURL or URL, or TO Voltage Set Point instruction within the time requirements specified in paragraph (3)(b) of Section 2.2.10, Generation Resource Response Time Requirements.  If the Generation Resource cannot comply with the VSS Dispatch Instruction or TO Voltage Set Point instruction, the QSE shall immediately notify the issuer of the instruction, provide the reason for not being able to comply, and provide an estimated time frame for resolution.
(2)
Each QSE shall meet, within established tolerances, the Voltage Set Point established by ERCOT or the interconnecting TSP subject to the stated QSE Reactive Power and actual power operating characteristic limits and voltage limits.
(3)
Each QSE will maintain a log of VSS Dispatch Instructions or TO Voltage Set Point instructions it receives.

(4)
If a Generation Resource changes the operation mode of a unit’s AVR, the QSE shall promptly inform ERCOT and the TO at the Point of Interconnection (POI) per Protocol Section 6.5.5.1, Changes in Resource Status, and Section 2.2.5, Automatic Voltage Regulators.  Each QSE will continuously monitor the status of its Generating Resources’ AVRs and PSSs.
(5)
Each QSE must notify ERCOT when a Generation Resource experiences a change that affects unit reactive limits or excitation system performance and is unable to meet the minimum reactive requirements.
2.7.3.5
Resource Entity Responsibilities and Generation Resource Requirements
(1)
Each Resource Entity shall ensure that its Generation Resource responds to any VSS Dispatch Instruction or a TO Voltage Set Point instruction from its QSE within the time requirements specified in paragraph (3)(b) of Section 2.2.10, Generation Resource Response Time Requirements. 
(2)
Generation Resources with high reactive loading resulting from abnormal conditions shall not reduce their reactive loading without the consent of ERCOT unless equipment damage is imminent. 
(3)
Each Resource Entity will maintain a log of VSS Dispatch Instructions and TO Voltage Set Point instructions it receives.
(4)
Except under Force Majeure Events or unless explicitly authorized by or requested by ERCOT, a Generation Resource required to provide VSS shall maintain the generator voltage or Reactive Power schedule within 2% of the Voltage Set Point while operating at less than the maximum reactive capability of the Generation Resource.
(5)
The required reactive capability must be maintained at all times that the Generation Resource is On-Line.  When a Generation Resource experiences a change that affects unit reactive limits or excitation system performance and is unable to meet the minimum reactive requirements, the associated Resource Entity shall notify its QSE and its TO immediately.
(6)
Each Resource Entity shall communicate any transmission voltage limits that deviate from those identified in Section 2.7.3.1, Operational Guidelines, to ERCOT. 
2.7.4
Special Consideration for Nuclear Power Plants

(1)
In all planning studies and Real-Time operations, ERCOT and TOs shall maintain the switchyard voltage at each nuclear power plant at a value that does not violate its licensing basis with the Nuclear Regulatory Commission (NRC).  ERCOT shall notify the QSE representing a nuclear power plant of the result of any studies where the voltage at the plant switchyard cannot be adequately maintained.  ERCOT and the TO shall monitor the voltage in Real-Time.  ERCOT shall provide notice to the QSE representing the nuclear power plant of any voltage inadequacy at the plant switchyard that cannot be corrected within 30 minutes.  High and low limits on switchyard voltage at each nuclear power plant necessary to meet these requirements shall be specified in ERCOT Procedures.  








2.7.5
 Parameters for Standard Reactor and Capacitor Switching Plan 

(1)
TOs shall provide switching plans for automatically controlled reactors, capacitors, and other reactive controlled sources to ERCOT.  For manually switched reactive devices, the TO shall provide its guidelines for the operation of these devices.  These plans and guidelines shall be posted on the MIS Secure Area and must be provided in accordance with the NOMCR or other ERCOT prescribed process. The parameters to be provided in the standard reactor and capacitor switching plan as required by Protocol Section 3.10.7.1.5, Reactors, Capacitors, and other Reactive Controlled Sources, are as follows:
Device Attributes 
(a)
Transmission Element name per Protocol Section 3.10.7.1, Modeling of Transmission Elements and Parameters; 

(b)
Substation name; and

(c)
Schedules of device: 

(i)
Time-based;

(ii)
Voltage-based;

(iii)
Load-based;

(iv)
Contingency-based;

(v)
Normal Operation;

(vi)
Emergency Operation;

(vii)
Seasonal; and

(viii)
Others as required by technology.
2.7.6
Unit Dispatch Beyond the Corrected Unit Reactive Limit or Unit Reactive Limit
(1)
Each Generation Resource shall respond to ERCOT instructed voltage control, including exceeding its CURL or URL.  For multi-generator busses, ERCOT shall not instruct any single Generation Resource to operate beyond its CURL or URL until all Generation Resources On-Line and interconnected at the same transmission bus, have been instructed to their respective CURLs or URLs.
3.7
Transmission Operators
(1)
Transmission Operators (TOs) shall follow ERCOT instructions related to ERCOT responsibilities:
(a)
Performing the physical operation of the ERCOT Transmission Grid, including circuit breakers, switches, voltage control equipment, protective relays, metering and Load shedding equipment;

(b)
Directing changes in the operation of transmission voltage control equipment per Section 2.7.3, Real-Time Operational Voltage Control;

(c)
Managing Voltage Profiles established by ERCOT per Section 2.7.3; and  
(d)
Taking those additional actions required to prevent an imminent Emergency Condition or to restore the ERCOT Transmission Grid to a secure state in the event of a system emergency.
(2)

TOs must meet all requirements identified in the Protocols for TOs in addition to those requirements stated below for all Transmission Facilities represented:
(a)
Monitor system conditions and notify ERCOT when Transmission Facility elements reach maximum safe operating limits as soon as practicable;

(b)
Notify ERCOT of any changes in its Transmission Facility status within ten seconds of the change of status as specified in Protocol Section 3.10.7.5, Telemetry Criteria; 

(c)
Operate and manage Transmission Facilities between energy sources and the point of delivery;

(d)
Coordinate emergency communications between a represented TSP system and ERCOT;

(e)
Monitor the loading of the transmission system(s);

(f)
Notify ERCOT of all changes to the status of all Transmission Elements and Transmission Facilities;

(g)
Act as Single Point of Contact for transmission Outages;

(h)
Maintain continuous communication (24x7) with ERCOT;  

(i)
Ensure Dispatch Instructions, received for their system or on behalf of represented TSPs or Distribution Service Providers (DSPs), are carried out as issued;  

(j)
Maintain operational metering; and

(k)
Implement Black Start.
(3)
TOs shall submit to ERCOT, by March 15 of each year, a written back-up control plan to continue operation in the event the TOs control center becomes inoperable.  Back-up control plans shall be submitted to ERCOT via secured webmail or encrypted data transfer.  TOs shall request that a secure email account be created with ERCOT by sending an email to shiftsupervisors@ercot.com. 

(4)
Each back-up control plan shall be reviewed and updated annually and shall meet the following minimum requirements:

(a)
Include descriptions of actions to be taken by TO personnel to avoid placing a prolonged burden on ERCOT and other Market Participants;

(b)
Include descriptions of specific functions and responsibilities to be performed to continue operations from an alternate location;

(c)
Include procedures and responsibilities for maintaining basic voice communications capabilities with ERCOT; and

(d)
Include procedures for back-up control function testing and the training of personnel.

(5)
As an option, the back-up control plan may include arrangements made with another Entity to provide the minimum back-up control functions in the event the TO’s primary functions are interrupted.
9.1.9
Automatic Voltage Regulator (AVR)
[Placeholder]

	[NOGRR025:  Replace or insert applicable paragraph(s) of Section 9.1.9, Automatic Voltage Regulator (AVR), above with the following upon system implementation:]

9.1.9
Automatic Voltage Regulator (AVR)
 (1)
ERCOT shall record QSE provided Automatic Voltage Regulator (AVR) test reports for Resources which must include:

(a) 
The minimum and maximum excitation limiters settings and associated time limits; 

(b)
Volts/hertz settings;

(c)
Gain and time constants; 

(d)
Date tested; and

(e)
Voltage regulator control mode; 

(2)
ERCOT shall produce a monthly report that will identify Resources for which test reports have not been submitted within the last 60 months. 

(3)
ERCOT shall produce a monthly report listing the Generation Resources that are not meeting AVR availability for periods in which they are required to provide Voltage Support Service (VSS) as described in paragraph (4) of Protocol Section 3.15.3, QSE Responsibilities Related to Voltage Support.


9.3.1
Transmission Control
(1)
ERCOT shall report State Estimator (SE) performance in accordance with the Protocols and the Technical Advisory Committee (TAC)-approved State Estimator Standards and post such report on the Market Information System (MIS) Secure Area. 

(a)
ERCOT shall produce monthly reports describing SE convergence and valid SE solution rates as described in Protocol Section 3.10.9.2, Telemetry and State Estimator Performance Monitoring.

(b)
ERCOT shall produce monthly reports describing the MW differences between SE results and power flow results for identified congested Transmission Elements as approved by TAC.

(c)
ERCOT shall produce monthly reports describing the MW differences between the SE results and telemetry for identified congested Transmission Elements as approved by TAC. 

(d)
ERCOT shall produce monthly reports describing the voltage differences between the SE results and telemetry for the most important voltage busses identified in accordance with the State Estimator Standards.
(e)
ERCOT shall produce monthly reports describing the MW differences as defined in the State Estimator Standards.  

(f)
ERCOT shall produce monthly reports identifying the sum of MW flows around telemetered SE Busses as described in paragraph (5) of Protocol Section 3.10.7.5.2, Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows. 
	[NOGRR025:  Replace or insert applicable paragraph(s) of Section 9.3.1, Transmission Control, above, with the following upon system implementation:]

9.3.1
Transmission Control
(1)
ERCOT shall prepare a report describing the operating violations on every transmission line and auto-transformer operated at voltages greater than 60 kV.  These reports shall be provided to the Texas Reliability Entity (Texas RE) and the appropriate Technical Advisory Committee (TAC) subcommittee. 

(a)
ERCOT shall prepare monthly reports on the following:


(i)
Exceedance of system operating limits or power transfer limitations set by ERCOT to guard against post-contingency stability exceedance for over ten minutes;

(ii)
N-1 exceedance of the applicable equipment ratings provided by Transmission Service Providers (TSPs), Qualified Scheduling Entities (QSEs), and Resources for over 30 minutes; and

(iii)
N-0 exceedance detected during the month, the time duration of the loading above the applicable operating rating and the maximum exceedence level that occurred.
(2)
Other transmission monitoring and control metrics: 

(a)
ERCOT shall prepare reports describing the number of Forced Outages by transmission owner by month. 

(b)
ERCOT shall post on the Market Information System (MIS) Secure Area its performance in processing Outage requests in accordance with the following table including justification for rolling Outages from one timeline to another:

Amount of time between the request for approval of the proposed Outage and the scheduled start date of the proposed Outage:

ERCOT shall approve or reject no later than:

Three days

1800 hours, two days before the start of the proposed Outage

Between three and eight days

1800 hours, three days before the start of the proposed Outage

Between nine days and 45 days

Four days before the start of the proposed Outage

Between 46 and 90 days

40 days before the start of the proposed Outage 

Greater than 90 days

75 days before the start of the proposed Outage

(c)
ERCOT shall post on the MIS Secure Area, by transmission owner, the number of rejection Notices.  The report will include specific concerns that caused the rejection.
(d)
ERCOT shall post on the MIS Secure Area, by transmission owner, the number of withdrawals of approved Outages.
(e)
ERCOT shall post on the MIS Secure Area, by transmission owner, the number of approved Outages that were rescheduled by ERCOT.
(3)
State Estimator (SE) Performance:

(a)
ERCOT shall report SE performance in accordance with the Protocols and the TAC-approved State Estimator Standards and post such report on the MIS Secure Area. 

(i)
ERCOT shall produce monthly reports describing SE convergence and valid SE solution rates as described in Protocol Section 3.10.9.2, Telemetry and State Estimator Performance Monitoring.

(ii)
ERCOT shall produce monthly reports describing the MW differences between SE results and power flow results for identified congested Transmission Elements as approved by TAC.

(iii)
ERCOT shall produce monthly reports describing the MW differences between the SE results and telemetry for identified congested Transmission Elements as approved by TAC. 

(iv)
ERCOT shall produce monthly reports describing the voltage differences between the SE results and telemetry for the most important voltage busses identified in accordance with the State Estimator Standards.

(v)
ERCOT shall produce monthly reports describing the MW differences as defined in the State Estimator Standards.  

(vi)
ERCOT shall produce monthly reports identifying the sum of MW flows around telemetered SE Busses as described in paragraph (5) of Protocol Section 3.10.7.5.2, Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows.


9.3.9
Voltage and Reactive Control Performance Monitoring

[Reserved] 
	[NOGRR025:  Replace Section 9.3.9, Voltage and Reactive Control Performance Monitoring, above, with the following upon system implementation:]

9.3.9
Voltage and Reactive Control Performance Monitoring 
(1)       Transmission owners shall provide switching plans for automatically controlled reactors, capacitors, and other reactive controlled sources to ERCOT.  For manually switched reactive devices, the transmission owner shall provide its guidelines for the operation of these devices.  These plans and guidelines shall be posted annually to the MIS Secure Area and must be provided in accordance with the NOMCR or other prescribed process.
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