Standard VAR-001-3 — Voltage and Reactive Control

A. Introduction

1.
2.
3.

Title: Voltage and Reactive Control
Number: VAR-001-3

Purpose:  To ensure that voltage levels, reactive flows, and reactive resources are
monitored, controlled, and maintained within limits in real time to protect equipment and the
reliable operation of the Interconnection.

Applicability:

4.1.  Transmission Operators.

4.2.  Purchasing-Selling Entities.

4.3.  Load Serving Entities.

4.4.  Generator Operators within the Western Interconnection.

(Proposed) Effective Date: The first day of the first calendar quarter six months after
applicable regulatory approval; or in those jurisdictions where no regulatory approval is

required, the first day of the first calendar quarter six months after Board of Trustees’
adoption.

B. Requirements

R1.

R2.

R3.

R4.

R5.

Each Transmission Operator, individually and jointly with other Transmission Operators,
shall ensure that formal policies and procedures are developed, maintained, and
implemented for monitoring and controlling voltage levels and Mvar flows within their
individual areas and with the areas of neighboring Transmission Operators.

Each Transmission Operator shall acquire sufficient reactive resources — which may
include, but is not limited to, reactive generation scheduling; transmission line and reactive
resource switching;, and controllable load — within its area to protect the voltage levels
under normal and Contingency conditions. This includes the Transmission Operator’s
share of the reactive requirements of interconnecting transmission circuits.

The Transmission Operator shall specify criteria that exempts generators from compliance
with the requirements defined in Requirement 4, and Requirement 6.1.

R3.1. Each Transmission Operator shall maintain a list of generators in its area that are
exempt from following a voltage or Reactive Power schedule.

R3.2.  For each generator that is on this exemption list, the Transmission Operator shall
notify the associated Generator Owner.

Each Transmission Operator shall specify a voltage or Reactive Power schedule ! at the
interconnection between the generator facility and the Transmission Owner's facilities to be
maintained by each generator. The Transmission Operator shall provide the voltage or
Reactive Power schedule to the associated Generator Operator and direct the Generator
Operator to comply with the schedule in automatic voltage control mode (AVR in service
and controlling voltage).

Each Purchasing-Selling Entity and Load Serving Entity shall arrange for (self-provide or
purchase) reactive resources — which may include, but is not limited to, reactive generation
scheduling; transmission line and reactive resource switching;, and controllable load- to

! The voltage schedule is a target voltage to be maintained within a tolerance band during a specified period.
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R6.

R7.

R8.

RO.

R10.

R11.

R12.

satisfy its reactive requirements identified by its Transmission Service Provider.
(Retirement approved by FERC effective January 21, 2014.)

The Transmission Operator shall know the status of all transmission Reactive Power
resources, including the status of voltage regulators and power system stabilizers.

R6.1.  When notified of the loss of an automatic voltage regulator control, the
Transmission Operator shall direct the Generator Operator to maintain or change
either its voltage schedule or its Reactive Power schedule.

The Transmission Operator shall be able to operate or direct the operation of devices
necessary to regulate transmission voltage and reactive flow.

Each Transmission Operator shall operate or direct the operation of capacitive and
inductive reactive resources within its area — which may include, but is not limited to,
reactive generation scheduling; transmission line and reactive resource switching;
controllable load; and, if necessary, load shedding — to maintain system and
Interconnection voltages within established limits.

Each Transmission Operator shall maintain reactive resources — which may include, but is
not limited to, reactive generation scheduling; transmission line and reactive resource
switching; and controllable load- to support its voltage under first Contingency conditions.

R9.1. Each Transmission Operator shall disperse and locate the reactive resources so
that the resources can be applied effectively and quickly when Contingencies
occur.

Each Transmission Operator shall correct IROL or SOL violations resulting from reactive
resource deficiencies (IROL violations must be corrected within 30 minutes) and complete
the required IROL or SOL violation reporting.

After consultation with the Generator Owner regarding necessary step-up transformer tap
changes, the Transmission Operator shall provide documentation to the Generator Owner
specifying the required tap changes, a timeframe for making the changes, and technical
justification for these changes.

The Transmission Operator shall direct corrective action, including load reduction,
necessary to prevent voltage collapse when reactive resources are insufficient.

C. Measures

M1.

M2.

Ma3.

M4.

The Transmission Operator shall have evidence it provided a voltage or Reactive Power
schedule as specified in Requirement 4 to each Generator Operator it requires to follow
such a schedule.

The Transmission Operator shall have evidence to show that, for each generating unit in its
area that is exempt from following a voltage or Reactive Power schedule, the associated
Generator Owner was notified of this exemption in accordance with Requirement 3.2.

The Transmission Operator shall have evidence to show that it issued directives as
specified in Requirement 6.1 when notified by a Generator Operator of the loss of an
automatic voltage regulator control.

The Transmission Operator shall have evidence that it provided documentation to the
Generator Owner when a change was needed to a generating unit’s step-up transformer tap
in accordance with Requirement 11.
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D. Compliance

1. Compliance Monitoring Process

1.1

1.2.

1.3.

1.4.

1.5.

Compliance Enforcement Authority
Regional Entity.
Compliance Monitoring Period and Reset Time Frame
One calendar year.
Compliance Monitoring and Enforcement Processes:
Compliance Audits
Self-Certifications
Spot Checking
Compliance Violation Investigations
Self-Reporting

Complaints
Data Retention

The Transmission Operator shall retain evidence for Measures 1 through 4 for 12 months.
The Compliance Monitor shall retain any audit data for three years.
Additional Compliance Information

The Transmission Operator shall demonstrate compliance through self-certification or
audit (periodic, as part of targeted monitoring or initiated by complaint or event), as
determined by the Compliance Monitor.

2. Violation Severity Levels (no changes)

E. Regional Variances

E.A. Regional Variance for the Western Electricity Coordinating Council

The following Interconnection-wide variance shall be applicable in the Western Electricity
Coordinating Council (WECC) and replaces, in their entirety, Requirements R3 and R4.
Please note that Requirement R3 is deleted and R4 is replaced with the following
requirements.

Requirements

E.A.13. Each Transmission Operator shall issue any one of the following types of voltage

schedules to the Generator Operators for each of their generation resources that are
on-line and part of the Bulk Electric System within the Transmission Operator
Area: [Violation Risk Factor: Medium] [Time Horizon: Operations Planning and
Same-day Operations]

¢ A voltage set point with a voltage tolerance band and a specified period.

¢ An initial volt-ampere reactive output or initial power factor output with a
voltage tolerance band for a specified period that the Generator Operator uses to
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E.A.14.

E.A.15.

E.A.16.

E.A.17.

E.A.18.

establish a generator bus voltage set point.
¢ A voltage band for a specified period.

Each Transmission Operator shall provide one of the following voltage schedule
reference points for each generation resource in its Area to the Generator Operator.
[Violation Risk Factor: Medium] [Time Horizon: Operations Planning and Same-
day Operations]:

e The generator terminals.
e The high side of the generator step-up transformer.
e The point of interconnection.

¢ A location designated by mutual agreement between the Transmission Operator
and Generator Operator.

Each Generator Operator shall convert each voltage schedule specified in
Requirement E.A.13 into the voltage set point for the generator excitation
system. [Violation Risk Factor: Medium] [Time Horizon: Operations Planning and
Same-day Operations]

Each Generator Operator shall provide its voltage set point conversion
methodology from the point in Requirement E.A.14 to the generator
terminals within 30 calendar days of request by its Transmission Operator.
[Violation Risk Factor: Lower] [Time Horizon: Operations Planning]

Each Transmission Operator shall provide to the Generator Operator,
within 30 calendar days of a request for data by the Generator Operator, its
transmission equipment data and operating data that supports development
of the voltage set point conversion methodology. [Violation Risk Factor:
Lower] [Time Horizon: Operations Planning]

Each Generator Operator shall meet the following control loop specifications if the
Generator Operator uses control loops external to the Automatic Voltage
Regulators (AVR) to manage MVar loading: [Violation Risk Factor: Medium]
[Time Horizon: Real-time Operations]

E.A.18.1. Each control loop’s design incorporates the AVR’s automatic voltage
controlled response to voltage deviations during System Disturbances.

E.A.18.2. Each control loop is only used by mutual agreement between the
Generator Operator and the Transmission Operator affected by the
control loop.

Measures?

M.E.A.13. Each Transmission Operator shall have and provide upon request, evidence that it

2 The number for each measure corresponds with the number for each requirement, i.e. M.E.A.13 means the measure

for Requirement E.A.13.
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E#
E.A.13

M.E.A.14.

M.E.A.15.

M.E.A.16.

M.E.A.17.

M.E.A.18.

provided the voltage schedules to the Generator Operator. Dated spreadsheets,
reports, voice recordings, or other documentation containing the voltage schedule
including set points, tolerance bands, and specified periods as required in
Requirement E.A.13 are acceptable as evidence.

The Transmission Operator shall have and provide upon request, evidence that it
provided one of the voltage schedule reference points in Requirement E.A.14 for
each generation resource in its Area to the Generator Operator. Dated letters, e-
mail, or other documentation that contains notification to the Generator Operator
of the voltage schedule reference point for each generation resource are
acceptable as evidence.

Each Generator Operator shall have and provide upon request, evidence that
it converted a voltage schedule as described in Requirement E.A.13 into a
voltage set point for the AVR. Dated spreadsheets, logs, reports, or other
documentation are acceptable as evidence.

The Generator Operator shall have and provide upon request, evidence that
within 30 calendar days of request by its Transmission Operator it
provided its voltage set point conversion methodology from the point in
Requirement E.A.14 to the generator terminals. Dated reports,
spreadsheets, or other documentation are acceptable as evidence.

The Transmission Operator shall have and provide upon request, evidence
that within 30 calendar days of request by its Generator Operator it
provided data to support development of the voltage set point conversion
methodology. Dated reports, spreadsheets, or other documentation are
acceptable as evidence.

If the Generator Operator uses outside control loops to manage MVar loading,
the Generator Operator shall have and provide upon request, evidence that it met
the control loop specifications in sub-parts E.A.18.1 through E.A.18.2. Design
specifications with identified agreed-upon control loops, system reports, or other
dated documentation are acceptable as evidence.

Violation Severity Levels

Lower VSL

Moderate VSL High VSL Severe VSL

For the specified
period, the
Transmission
Operator did not
issue one of the
voltage schedules
listed in E.A.13 to at
least one generation
resource but less
than or equal to 5%
of the generation
resources that are

For the specified
period, the
Transmission
Operator did not
issue one of the
voltage schedules
listed in E.A.13 to
more than 5% but
less than or equal to
10% of the
generation
resources that are

For the specified
period, the
Transmission
Operator did not
issue one of the
voltage schedules
listed in E.A.13 to
more than 10% but
less than or equal to
15% of the
generation
resources that are

For the specified
period, the
Transmission
Operator did not
issue one of the
voltage schedules
listed in E.A.13 to
more than 15% of
the generation
resources that are
on-line and part of
the BES in the
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Lower VSL

Moderate VSL

High VSL

Severe VSL

on-line and part of
the BES in the
Transmission
Operator Area.

on-line and part of
the BES in the
Transmission
Operator Area.

on-line and part of
the BES in the
Transmission
Operator Area.

Transmission
Operator Area.

E.A.14 | The Transmission The Transmission The Transmission The Transmission
Operator did not Operator did not Operator did not a Operator did not
provide a voltage provide a voltage voltage schedule provide a voltage
schedule reference | schedule reference | reference point for schedule reference
point for at least one | point for more than more than 10% but | point for more than
but less than or 5% but less than or | less than or equal to | 15% of the
equal to 5% of the equal to 10% of the | 15% of the generation
generation generation generation resources in the
resources in the resources in the resources in the Transmission
Transmission Transmission Transmission Operator Area.
Operator area. Operator Area. Operator Area.

E.A.15 | The Generator The Generator The Generator The Generator
Operator failed to Operator failed to Operator failed to Operator failed to
convert at least one | convert the voltage convert the voltage convert the voltage
voltage schedule in | schedules in schedules in schedules in
Requirement E.A.13 | Requirement E.A.13 | Requirement E.A.13 | Requirement E.A.13
into the voltage set into the voltage set into the voltage set into the voltage set
point for the AVR for | point for the AVR for | point for the AVR for | point for the AVR for
less than 25% of the | 25% or more but 50% or more but 75% or more of the
voltage schedules. less than 50% of the | less than 75% of the | voltage schedules.

voltage schedules. voltage schedules.

E.A.16 | The Generator The Generator The Generator The Generator
Operator provided Operator provided Operator provided | Operator did not
its voltage set its voltage set its voltage set provide its voltage
point conversion point conversion point conversion set point
methodology methodology methodology conversion
greater than 30 greater than 60 greater than 90 methodology
days but less than | days but less than | days but less than | within 120 days of
or equal to 60 or equal to 90 or equal to 120 a request by the
days of a request | days of a request | days of a request | Transmission
by the by the by the Operator.
Transmission Transmission Transmission
Operator. Operator. Operator.

E.A.17 | The Transmission The Transmission The Transmission The Transmission

Operator provided
its data to support
development of
the voltage set
point conversion
methodology than
30 days but less
than or equal to
60 days of a
request by the
Generator

Operator provided
its data to support
development of
the voltage set
point conversion
methodology
greater than 60
days but less than
or equal to 90
days of a request
by the Generator.

Operator provided
its data to support
development of
the voltage set
point conversion
methodology
greater than 90
days but less than
or equal to 120
days of a request
by the Generator.

Operator did not
provide its data to
support
development of
the voltage set
point conversion
methodology
within 120 days of
a request by the
Generator
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Lower VSL Moderate VSL High VSL Severe VSL
Operator. Operator. Operator. Operator.
E.A.18 | N/A The Generator The Generator The Generator

Operator did not
meet the control
loop specifications
in EA18.2 when the
Generator Operator
uses control loop
external to the AVR
to manage Mvar

Operator did not
meet the control
loop specifications
in EA18.1 when the
Generator Operator
uses control loop
external to the AVR
to manage Mvar

Operator did not
meet the control
loop specifications in
EA18.1 through
EA18.2 when the
Generator Operator
uses control loop
external to the AVR

loading. loading. to manage Mvar
loading.
Version History
Version | Date Action Change Tracking
0 April 1, 2005 Effective Date New
1 August 2, 2006 | BOT Adoption Revised
1 July 3, 2007 Added “Generator Owners” and “Generator Errata
Operators” to Applicability section.
1 August 23, 2007 | Removed “Generator Owners” and “Generator | Errata
Operators” to Applicability section.
2 August 5, 2010 | Adopted by Board of Trustees; Modified to Revised.
address Order No. 693 Directives contained in
paragraphs 1858 and 1879.
3 May 9, 2012 Adopted by Board of Trustees; Modified to
add a WECC region variance
3 June 20, 2013 FERC issued order approving VAR-001-3
3 November 21, R5 and associated elements approved by FERC

2013

for retirement as part of the Paragraph 81
project (Project 2013-02)
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