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Introduction

Welcome to the PUM Manual for Transmission Operations. In this Introduction, you will find
the following information:

*  What you can expect from the PJM Manuals in general (see “About PJM Manuals”).
* What you can expect from this PJM Manual (see “About This Manual”).

* How to use this manual (see “Using This Manual”).

About PJM Manuals

The PJM Manuals are the instructions, rules, procedures, and guidelines established by PJM
for the operation, planning, and accounting requirements of the PJM RTO and the PJM Energy
Market. The manuals are grouped under the following categories:

* Transmission

*  PJM Energy Market

» Generation and transmission interconnection
* Reserve

* Accounting and Billing

 PJM administrative services

For a complete list of all PJM Manuals, go to the Library section on PJM.com.

About This Manual

The PJM Manual for Transmission Operations is one of a series of manuals within the
Transmission set. This manual focuses on specific transmission conditions and procedures for
the operation of the Bulk Electric System and Designated Transmission Facilities.

The PJM Manual for Transmission Operations consists of sections and attachments. These
sections are listed in the table of contents beginning on page ii.

Intended Audience
The Intended audiences for the PJM Manual for Transmission Operations are:
* PJM dispatchers
* PJM Operations Planning staff
* Transmission Owners / Operators
* Generation Owners / Operators
» Local Control Center dispatchers
*+  PJM Members

References

Revision: B863, Effective Date: [iiiaoes 11/16/2022 PJM © 2022 8
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There are several reference documents that provide both background and detail. The PJUM
Manual for Transmission Operations does not replace any of the information in these
reference documents. These documents are the primary source for specific requirements and
implementation details. The references to the PUM Manual for Transmission Operations are:

Transmission Owners Agreement

NYISO PJM Joint Operating Agreement

EMS User’s Manual

PJM M-01: Control Center and Data Exchange Requirements

PJM M-02: Transmission Service Request

PJM M-3A: Energy Management System (EMS) Model Updates and Quality Assurance
(QA)
PJM M-12: Balancing Operations

PJM M-13: Emergency Operations
PJM M-37: Reliability Coordination
PJM M-38: Operations Planning

Using This Manual

Because we believe that explaining concepts is just as important as presenting the procedures,
we start each section with an overview. Then, we present details and procedures. This
philosophy is reflected in the way we organize the material in this manual. The following
paragraphs provide an orientation to the manual’s structure.

What You Will Find In This Manual

A table of contents that lists two levels of subheadings within each of the sections.
An approval page that lists the required approvals and the revision history.

Sections containing the specific guidelines, requirements, or procedures including PJM
actions and PJM Member actions.

Attachments that include additional supporting documents, forms, or tables in this PJM
Manual.

A section at the end detailing all previous revisions of the PJM Manual.

Revision: B263, Effective Date: [FiEitiaaal11/16/2022 PJM © 2022 9
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Section 1: Transmission Operations Requirements

Welcome to the Transmission Operations Requirements section of the PJM Manual for
Transmission Operations. In this section you will find the following information:

* An overview of the general services provided by PJM (see “Overview”).

* A description of PUM'’s transmission operating guidelines (see “Transmission Operating
Guidelines”).

* A description of PUM’s Real-Time Reliability Model (see “PJM’s Real-Time Reliability
Model”).

* A description of PUM Transmission Facilities (see “PJM Transmission Facilities”).
* A description of Transmission Owner facilities (see “Local Transmission Facilities”).

» Guidelines on how to modify facilities in the Transmission Facilities List (see “Facilities
under PJM Congestion Management Control”).

* An overview of how Remedial Action Schemes (RAS) are reviewed, approved,
communicated, and documented.

1.1 Overview

PJM is the Reliability Coordinator for the PJM RTO and is responsible for all regional Reliability
coordination as defined in the NERC and Regional Standards and applicable PJM Operating
Manuals.

PJM operates the transmission grid in compliance with good utility practice, NERC standards,
and PJM policies, guidelines and operating procedures, including, but not limited to:

* This PJM Transmission Operations Manual,

*+ NERC and RRO Standards as references during normal and emergency operations of
the PJM transmission grid,

* Individual Transmission Owners Operating Procedures submitted to PJM to identify
specific operating problems that could affect operation of the interconnected PJM
transmission grid.

The Bulk Electric System (BES) is defined as facilities 100 kV and higher. Transmission Owners
(TOs) shall operate the Bulk Electric System Facilities and all System Operating Limits (SOL)
(see M-37) in accordance with the PJM Operating Manuals and follow PJM instructions related
to PJM responsibilities, including, but not limited to:

* Rules regarding TOs performing the physical operation and maintenance of all facilities
with SOL,

» Directing changes in the operation of transmission voltage control equipment,

» Taking those additional actions required to prevent an imminent Emergency Condition
or to restore the PJM transmission grid to a secure state in the event of a PJM system
emergency.

Revision: B863, Effective Date: [iiiaoas 11/16/2022 PJM © 2022 10
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Note:

PJM reviews this manual annually, with periodic updates as required. PJM coordinates
identified issues with PJM TOs, PJM GOs and neighboring RCs. As PJM and neighboring
Reliability Coordinators deem necessary, PJM will facilitate conference calls that include
neighboring Reliability Coordinators, neighboring Transmission Operators, neighboring
Balancing Authorities, PJM TOs and PJM GOs. PJM will notify PJM TOs and PJM GOs

as necessary regarding issues communicated by neighboring Reliability Coordinators. PJM
distributes revisions to this manual to neighboring Reliability Coordinators, neighboring
Transmission Operators, neighboring Balancing Authorities, PJM Transmission Owners and
PJM Generation Operators.

Note:

AEP is the registered TOP for the AEP 138 kV and below facilities. ITCl is the registered TOP
for its facilities. PJM is the registered TOP for all other BES facilities on the AEP transmission
system. Under normal operating conditions, AEP will coordinate with PJM to re-dispatch
generation to control flows on their 138 kV and below monitored facilities. In an Emergency,

a non-PJM registered TOP within the PJM footprint shall notify PJM of any unilateral actions it
has taken with respect to generation re-dispatch as soon as practicable, but no later than 30
minutes, so that PJM is informed of the actions and can coordinate with impacted parties.

1.2 Responsibilities for Transmission Owner's Operating Entity

The responsibilities for a Transmission Owner's operating entity within PJM that are defined
below are required to maintain the safe and reliable operation of the transmission system within
PJM. Transmission Owners operate and maintain the transmission system and are responsible
for local reliability. The transmission Owner under PJM’s direction takes all actions required to
mitigate transmission system reliability emergencies. The responsibilities identified below are
consistent with the NERC Functional Model for interconnected system operation.

This list is a collection of significant operational responsibilities and obligations of a
Transmission Owner that are included in the PJM TOA and the PJM manuals. It is not intended
to be an all-inclusive list of every responsibility and obligation of a Transmission Owner.

» Subject to code of conduct.

» Establish ratings of its transmission facilities and provides these ratings to PJM (Section
4.11 of TOA).

» Operates transmission facilities in accordance with good utility practice and PJM
procedures (Section 4.5 of TOA).

» Maintains transmission facilities in accordance with good utility practice and PJM policies
and procedures.

» Maintains appropriate voltage profiles.

» Provides local network integrity by defining operating limits, developing contingency
plans and monitoring operations if applicable.

Revision: B863, Effective Date: [iiiaoas 11/16/2022 PJM © 2022 11
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* Provides telemetry of transmission system to PJM and other Transmission Owners
(Section 4.9 of TOA).

» Operates BES transmission system facilities under the direction of PJM (Section 4.5 of
TOA).

* Requests PJM to assist in mitigating operating limit violations.
* Implement procedures called for by PJM (Section 4.5 of TOA).

* Provide real-time operations information to PJM and other Transmission Owners as
required.

* Provide maintenance and construction plans to PJM and other Transmission Owners as
required.

+ Takes action to maintain local reliability and public safety (Section 4.7 of TOA).

» All actions impacting BES facilities shall be approved by PJM unless immediate actions
are required to avoid loss of life, ensure safety or protect equipment. Such actions shall
be communicated to PJM as soon as practical.

» Supplies engineering data for transmission system models to PJM and other
Transmission Owners as required.

* Develops, documents, and communicates operator guidance, as necessary.
» Submit outage requests to PJM according to PJM requirements (Section 4.8 of TOA).

* Plan and coordinate transmission system outages with other transmission system
operators as required (Section 4.8. of TOA).

*  Work with other transmission system operators and PJM to mitigate identified reliability
concerns for planned system outages.

* The Transmission Owner shall notify PJM (verbally and via eDART) of any known
single contingency conditions that results in the loss of multiple generation units or
any condition that prevent a generation unit to start-up after a trip. PJM will review the
condition and will update the EMS active contingency set accordingly. The resultant
contingency could be the largest MW lost in PJM and may result in additional
synchronized reserve requirement (BAL-002-2).

* The Transmission Owner shall maintain a continuously staffed transmission control
center. The control center should meet all of the communication and information system
requirements defined in the PJM manuals (Section 2 of PJM Manual 01: Control Center
and Data Exchange Requirements).

Note:

Under circumstances where the Transmission Owner or Generator Operator cannot follow the
directive of PJM (such action would result in safety violation, damage equipment, or violate
regulatory or statutory requirements), they shall immediately inform PJM of the inability to
perform the directive so that PJM can implement alternate remedial actions.

Revision: B863, Effective Date: [iiiaas 11/16/2022 PJM © 2022 12




A1

PJM Manual 03: Transmission Operations
Section 1: Transmission Operations Requirements

Note:

A PJM Transmission Owner shall disconnect an affected facility if an overload on a transmission
facility or an abnormal voltage or reactive condition persists and equipment is endangered. The
PJM Transmission Owner shall notify PJM prior to switching so PJM can perform a study, if time
permits, otherwise, immediately thereafter.

Personnel Requirements — Transmission system operators shall:

Obtain required PJM Certification and Continuing Training Requirements (Section 1 and
Section 2 of PJM Manual 40: Certification and Training Requirements).

Be competent and experienced in the routine and abnormal operation of interconnected
transmission systems.

Be accountable to take any action required to maintain the safe and reliable operation of
the transmission system.

Have thorough knowledge of PJM procedures and their application.

Have a working knowledge of NERC and applicable RRO Standards and how they
coordinate with PJM manuals.

Have a working knowledge of adjacent transmission system operator’s switching and
blocking procedures.

Have an understanding of routine protection schemes for the PJM transmission system.

Have knowledge of how to evaluate desired system response to actual system
response.

Have knowledge of and be able to evaluate and take action on transmission system
equipment problems.

Have knowledge of the general philosophy of system restoration and the philosophy and
procedures of their company as well as that of PJM.

Have initial and continuing training that addresses the required knowledge and
competencies and their application in system operations.

Develop, document and maintain switching and blocking procedures consistent with
OSHA 29 CFR Part 1910.269.

Transmission system operators shall be accountable for directing field forces in
transmission system switching activities.

Follow-up on significant system events with an investigative process to analyze,
document and report on operating abnormalities.

1.3 Transmission Operating Guidelines

PJM directs the operation to all SOL according to approved NERC Standards. In doing this,
PJM considers transmission constraints, restrictions, and/or limitations in the overall operation
of the PJM RTO. Describing this operation is the focus of this manual. The PJM RTO shall be
operated such that the following are not exceeded:

Revision: B863, Effective Date: [iiiaoas 11/16/2022 PJM © 2022 13
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* Transmission facility thermal limits
+ Voltage limits

* Transfer limits

+  Stability limits

+ IROL

Although, the PJM RTO shall be operated such that limitations are not violated, it is

recognized that occasionally, for various reasons, thermal limitations can be exceeded for short
periods under controlled conditions without adversely impacting system reliability or damaging
equipment. All exceptions must be documented in Manual-03B. For example, the Constraint
Management Mitigation procedure can be used during short time switching periods when
adhering to all of the requirements and parameters.

Should the PJM RTO at any time enter into an unknown operating state due to a catastrophic
failure of the ICCP links or loss of EMS analysis tools, it will be considered an Emergency

and operations shall be restored to respect proven reliable power system limits within 30
minutes in accordance with NERC standards. PJM relies on Transmission Owners to serve

as a back-up to PJM, monitoring BES facilities, when the PJM EMS is inoperable (TOP-007-0).
PJM Transmission Owners shall notify PJM dispatch within 15 minutes when their TO analysis
packages are unavailable (TOP-004-2 R4). In general, PJM may be in an unknown state when
both PJM and TO analysis packages are unavailable.

PJM operates the PJM RTO so that immediately following any single malfunction or failure,

the facility loadings are within appropriate thermal limits, while maintaining an acceptable
voltage profile. For details about PUM’s thermal operation, please see Section 2: Thermal
Operating Guidelines. For more information about PJM’s voltage requirements, refer to Section
3: Voltage and Stability Operating Guideline. These potential malfunctions or failures, such

as the sudden and unplanned loss of a generating unit, transmission line, or transformer, are
called contingencies. PJM defines a contingency as a possible event resulting in the failure or
malfunction of one or more facilities.

PJM Dispatch utilizes EMS Network Applications and market tools in order to maintain system
reliability. Network applications evaluate pre/post-contingency thermal and voltage limits. In
addition, the Transfer Limit Calculator (TLC) simulates transfers in order to assess voltage
collapse conditions for reactive interfaces. PJM Operators generate reports which provide
generator shift factors, phase angle regulator sensitivity factors, and load distribution factors.
The information contained within these reports, the PJM State Estimator solution and unit bid
information serves as the input data for PJM Market Tools. Through the use of PJM Market
Tools, PJM Operators have the ability to use cost-effective generation adjustments to control
thermal/voltage constraints on a pre-contingency basis.

Note:

PJM Transmission Owners that own BES facilities and serve load greater than 300 MW must
have a real-time analysis package or have their BES facilities be observable within another TO
analysis package.

Revision: G863, Effective Date: [iiiaes 11/16/2022 PJM © 2022 14
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Prior to initiating redispatch to control flows within limit criteria, PJM Dispatch compares PJM
EMS Security Analysis results with Transmission Owners EMS Security Analysis Results.
Pre-contingency, Post-Contingency flows and ratings are compared. If a difference exists
between PJM and Transmission Owner Security Analysis results, PJM will operate to the most
conservative results until the difference can be rationalized. If the difference is significant, the
following guides will be followed to quickly resolve the difference:

+ PJM and Transmission Owner identify modeling issue and operate to most conservative
solution.

* PJM investigates modeling issue and attempts to resolve within 1 hour. This may
involve verification of distribution factors using Seasonal PSS/E load flow case or
the contingency definition via implementing contingency in a power flow solution and
ensuring switching devices are in their proper position.

» If discrepancy is > 5% and expected to last 2 hours, PJM Dispatch will contact PJM
support staff and request Transmission Owner to contact support staff.

+ PJM and Transmission Owner on-call support staff will work toward resolving modeling
difference.

+ PJM and Transmission Owner agree to defer to most accurate analysis in lieu of
operating to most conservative results, when difference is understood or resolved.

+ PJM and Transmission Owner support staff attempt to correct modeling differences
within 24 hours.

Contingency Analysis

» Single Contingency — One event that takes one or more facilities out of service. A
Single Facility is any one component/facility with impact to the BES, excluding bus
sections that can be removed from service by its own primary relay and breaker
protective equipment. Single contingencies may disconnect multiple generating facilities
(plant with single connection leads to the bulk power system) or multiple transmission
facilities (radial lines with tapping substations) from service.

+ PJM Security Analysis applications simulate the single facility failure or malfunction
of critical equipment (facilities simulated in contingency analysis are not restricted to
the PJM monitored facility list) including lines, transformers, Phase Angle Regulators
(PARSs), generators, capacitors, and reactors whose loss or failure could result in limit
violations on PJM Monitored Facilities.

Note:

PJM does not normally model or operate to single breaker failures due to the low probability
of occurrences; however, PJM Manual-03B contains an operating procedure to mitigate single
breaker failures.

Revision: B863, Effective Date: [iiiaes 11/16/2022 PJM © 2022 15
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Note:

Under some unusual conditions, including severe weather or other special circumstances such
a change to the Homeland Security Level, PJM should consider implementing conservative
operation including control for the simultaneous occurrence of more than one contingency,
substation circuit breaker outages, circuit breaker failure, and substation bus outages as
appropriate (PJM M-13: Emergency Operations, Sections 3 and 4).

PJM uses appropriate pre and post contingency procedures which are documented in this
manual to:

* Maintain acceptable voltage levels

* Maintain operation within stability limits

* Maintain operation within transfer limits

* Minimize the risk of cascading interruptions to the transmission system
* Prevent physical damage to system transmission facilities

+ Eliminate thermal overloads

The consequences of violating these limits may lead to PJM RTO instability, voltage collapse,
equipment damage, or loss of customer load. The objective of PJM is to operate the
transmission facilities such that system reliability is maintained. Once a contingency occurs
the system is readjusted as required and analysis for the next worst contingency is performed.
The PJM dispatcher directs actions to restore the system to an acceptable state. For more
information see Section 2: Thermal Operating Guidelines and Section 3: Voltage and Stability
Operating Guidelines.

» Double Contingency — Two different events that occur simultaneously and result in the
loss of two or more facilities.

Note:
A single contingency can consist of one or more transmission facilities. A double circuit tower
line (DCTL) contingency is the simultaneous loss of two single contingencies.

Note:
If a Transmission Owner wishes to operate to control for DCTL contingencies, it may do so
using its own internal equipment after communicating with the PJM dispatcher.

Note:

PJM system operations will implement actions to control for system congestion caused by
DCTL contingencies resulting from the declaration of Conservative Operations. PJM will issue a
PCLLRW when calculated post-contingency flows exceed Long Term Emergency (LTE) ratings.
PJM will initiate redispatch of generation when calculated post-contingency flows exceed the
Load Dump (LD) rating permitting off-cost generation to set LMP.
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1.4 Reclosing Lines That Have Tripped

The PJM RTO uses varied philosophies when reclosing EHV (Extra High Voltage, defined as
345 kV and above) lines that have tripped and the automatic reclose has not been successful.
These philosophies differ based on the EHV line automatic reclosing design and operating
practice.

Note:
Transmission Owners shall promptly notify PJM of any BES facility that have tripped and
coordinate restoration efforts.

1.4.1 PJM Mid-Atlantic Region

If an EHV aerial transmission line trips and does not automatically reclose, it should be
manually reclosed within five minutes after tripping. If an EHV line trips and returns to service
by automatically reclosing (or by manually reclosing if auto reclosing fails to occur and the
line is tried-back once manually), the PJM dispatcher is authorized to operate at the current
transfer levels or at reduced transfer levels. If an EHV line trips and does not return to service
when reclosed automatically (or if manual reclosing also fails after the line is tried-back once
manually), PJM performs the following activities:

+ Immediately reduces the reactive operating limits to the level with the line out-of-service.

* Order the line to be tried-back within five minutes after conferring with the Transmission
Owner(s) of the line.

If the line returns to service after the five minute try-back, the reactive operating limits may
remain reduced until a patrol of the line has been completed or until the PJM dispatcher judges
that the limit reduction is no longer necessary. If the aerial patrol does not locate the cause

of the tripping, the reactive operating limits should be returned to normal. The Transmission
Owners, however, must complete a foot patrol of the circuit no later than the next daylight period
(weather permitting).

If an EHV line that was successfully reclosed 5 minutes after the trip-out trips a second time,
the transfer limit should be re-evaluated and reduced if necessary until patrol is completed (or
the source of the trouble is definitely determined by another means - aerial patrol, report of
trouble, etc.). Manual try-backs on lines which trip a second time after having been successfully
reclosed five minutes after tripping are not attempted until some period of time has elapsed (30
minutes or longer). PJM directs reclosing with the concurrence of the Transmission Owners.

1.4.2 PJM Western Region

The majority of the First Energy South 345 kV and 500 kV circuits utilize a high speed reclose
of approximately 28 cycles without sync check and 34 cycles with sync check. The time delayed
reclose varies greatly from station to station and is given in section IV.C.5 of the First Energy
South System Operations Manual. Phase angle closing requirements also vary and are also
given in the same section of the Manual.

If an EHV circuit locks out after a high speed reclose and one time delay reclose; FE South
will patrol the circuit prior to trying it again. If a circuit utilizes supervisory control for one of its
reclose attempts, FE South will evaluate the weather conditions prior to trying a supervisory
reclose.
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The Duke Energy Ohio-Kentucky 345 kV and 138 kV transmission circuits utilize automatic
reclosing. If a circuit locks out after an automatic reclose, DEOK will patrol the circuit before
attempting a reclose. For any supervisory reclose attempts, DEOK will work with PJM to
evaluate weather, system, and equipment conditions prior to attempting the reclose.

1.4.3 PJM Southern Region

The Dominion Virginia Power 500 kV transmission lines within the PJM Southern region will
automatically reclose multiple times. If the line goes to lockout, it is not to be reclosed manually
until the line has been patrolled by Dominion Virginia Power operations personnel.

1.5 PJM’s Real-Time Reliability Model

PJM’s Real-Time Reliability Model is a computer representation of the power system facilities
in the PJM RTO and other Balancing Authorities that may impact the reliable operation of

the PJM system. The model resides and is maintained by the PJM staff on the PJM Energy
Management System (EMS). The PJM EMS Network Application programs utilize the model

to continuously calculate the real-time state and determine the security of the PJM system.

The Security Constrained Economic Dispatch (SCED) dispatches every generator in the model.
The model is also used to calculate real-time Locational Marginal Prices. The model is created
and maintained from input data received by PJM from various sources including Transmission
Owners, Generation Owners, Load Serving Entities, and other Balancing Authorities. The model
is only as accurate as the input data used to derive it; therefore, timely and accurate data
updates are critical.

1.5.1 Model Information and Data Requirements

* The Transmission Owner is responsible to provide the information and data needed by
PJM about the Transmission Owner System.

+ Telemetry data requirements are defined in the PJM M-01: Control Center and Data
Exchange Requirement.

» System analytical model information and update requirements are defined in the PJM
M-3A: Energy Management System (EMS) Model Updates and Quality Assurance (QA).

1.5.2 PJM Transmission System Model Update

PJM performs periodic updates to the PJM Real-Time Reliability Model. The Data Management
Subcommittee representative must submit timely transmission model changes to be included

in these updates consistent with the requirements contained within the PJM M-3A: Energy
Management System (EMS) Model Updates and Quality Assurance (QA).

1.5.3 PJM Transmission Facilities
PJM Transmission Facilities are those facilities used in the transmission of electrical energy
that:

e Areincluded in the PJM tariff.

+ Have demonstrated to the satisfaction of PJM to be integrated with the PJM RTO
Transmission System, and integrated into the planning and operation of the PJM RTO to
serve all of the power and transmission customers within the PJM RTO.
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« Transmission facilities that meet all other requirements including having sufficient
telemetry to be deemed ‘observable’ by the PJM State Estimator, PJM Network
Applications, or the PJM Real-Time Reliability Model can be considered for inclusion
as monitored for real-time and contingency analysis for the purpose of identifying
transmission constraints.

» The Transmission Owner of a facility that meets all requirements, including observability
for the Real-Time Model, (see “Monitored Transmission Facilities”) must specifically
request that a facility be “Monitored” by PJM using the process and timeline identified
at the end of this section (see “Process to Change the PJM Congestion Management
Facilities List).

+ Each Transmission Owner must specifically identify any tariff facility that is not under the
operational control of PJM.

* Include NERC BES facilities.

1.5.4 Reportable Transmission Facility

Transmission Owners are required to report scheduled and forced outages for Reportable
Transmission Facilities. Outage information is reported through eDART and through the status
obtained via computer link to the EMS. In general, a Transmission Facility is reportable if a
change of its status can affect, or has the potential to affect, a transmission constraint on

any Monitored Transmission Facility or otherwise impedes the free-flowing ties within the PJM
RTO and adjacent areas. All Transmission Facilities included in the PJM Reliability Model

must be reported to PJM with as much advance notice as possible. The PJM Web site (htip://
www.pjm.com/markets-and-operations/ops-analysis/transmission-facilities.aspx) lists Reportable
Transmission Facilities by Transmission Zone. Transmission Owners are responsible for
ensuring the accuracy of this data. Updates are made as required correlating to system

model updates. Note that ALL Congestion Management (monitored) and Reliability Coordination
facilities are to be included by default as Reportable Transmission Facilities. As explained
above, PJM has also identified other facilities as Reportable Transmission Facilities, because
they can affect the overall transmission system. Instructions and a timeline for reporting outages
are provided in Section 4 of this manual under the heading Reportable Transmission Facility
Outages.

Codes associated with Reportable Facilities are defined as:
Yes, Reportable;

+ The facility must be modeled in the PJM EMS and status information must be conveyed
to the PJM EMS via the data link;

+ The TO must generate eDART tickets when facility outages are required; and,
+ Call the PJM dispatcher to ensure proper communication and coordination of switching
and system security.
Low-Priority Reportable;

* The facility must be modeled in the PJM EMS and status information must be conveyed
to the PJM EMS via the data link; and,

+ The TO must generate eDART tickets when facility outages are required.
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« Call the PJM dispatcher when the facility is returned to service to ensure proper time
stamp.

No, Not Reportable;
+ The facility may, or may not, be in the PJM EMS model; and,

» The facility is not expected to significantly impact PJM system security or congestion
management.

With the growth of Reportable Facilities included in the PJM model, the Low-Priority Reportable
Code is expected to accommodate the need to have facility status accurately modeled while
reducing the need for phone calls to coordinate outages and streamlining this process.

PJM may require that all Tariff Facilities are Reportable. All EHV, 230 kV, and all tie-line facilities
are flagged as Yes, Reportable and are not eligible for Low-Priority Reportable status. Tariff
Facilities will generally default to Yes, Reportable. It may be acceptable to consider selected
lower voltage Tariff facilities (161 kV, 138 kV, 115 kV and 69 kV) as Low-Priority Reportable
depending upon the impact of the facility upon system security and/or congestion management.
With recommendations from the TO, the PJM Manager, Power Systems Modeling Department
is responsible for re-assigning Tariff facilities as Low-Priority Reportable or Not Reportable.

PJM operating studies focus on the impact of Reportable Facilities upon security. It is the

TO's responsibility, after internal study, to ensure that system security will not be adversely
impacted for the outage of a Low-Priority facility. The TO must notify PJM of a potential problem
associated with a Low-Priority Reportable facility outage prior to switching. The TO should
provide 30 minutes’ notice to the Power Director in order for PJM to confirm the TO’s analysis
and make the appropriate adjustments. If, as a result of a Low-Priority Reportable outage, an
unanticipated system security violation occurs, PJM will direct the TO to return the facility to
service.

1.5.5 Observable Transmission Facility

+ The term “observable” indicates that sufficient real-time analog and digital telemetry is
supplied to PJM such that it is possible to accurately calculate the bus voltage and/or
MVA flow for the facility in question.

» Facility must be accurately modeled in PJM EMS.

+ The facility must have sufficient redundancy of telemetry to be “observable” in the PJM
State Estimator.

1.5.6 Monitored Transmission Facility
Monitored Transmission Facilities are an Observable Facility and are broken into 2 categories:

* Monitored for Markets and Reliability Facilities are accepted for congestion control.
* Monitored for Reliability Facilities does not permit congestion to set LMP.
Both are monitored and controlled for limit violations using PJM’s Security Analysis programs.

Control of limit violations to Monitored Transmission Facilities may result in constrained
operation including manual redispatch; redispatch setting LMP and TLR curtailments. Additional
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details are contained within the PJM Balancing Operations Manual (M-12), Attachment B:
Transmission Constraint Control Guidelines.

PJM OATT Facilities shall be monitored for any of the following criteria:
» Vital to the operation of the PJM RTO.
+ Affects the PJM RTO'’s interconnected operation with other Balancing Authorities.

+ Affects the capability and reliability of generating facilities or the power system model
that is used by PJM to monitor these facilities.

» Significantly impact transmission facilities if outaged.
+ Affects the PJM Energy Market if outaged.
* May result in constrained operations to control limit violations.
A NERC BES facility.
PJM must be provided the applicable normal, emergency, and load dump ambient ratings for

the transmission facility. Applicable ratings include sixteen ambient temperature sets (32F —
95F, day and night) and limiting equipment identification.

* Monitoring requested by the Transmission Owner.
The monitored facilities are included in the Transmission Facilities List. The Transmission

Facilities List is located on the PJM website (http://www.pjm.com/markets-and-operations/ops-
analysis/transmission-facilities.aspx).

Transmission Owners may add an Observable Transmission Facility as a Monitored
Transmission Facility under PJM monitoring and control by sending notice to the Manager,
PJM Power Systems Modeling Department. A Monitored Transmission Facility shall remain a
Monitored Controllable Transmission Facility until the Transmission Owner requests in writing
for it to be removed. See the previous information on Observable Transmission Facilities
Discussion.

Note:

The PJM EMS has the capability to monitor contingency flows on any device such as a circuit
breaker. The capability is known as Flow Device. Transmission Owners can submit ratings,

as outlined in PJM Manual 3A, for devices/circuit breakers with limitations. The device/circuit
breaker ratings will be monitored as part of the PdJM EMS Security Analysis. Facility ratings can
be found on the OASIS at the following link:

http://www.pjm.com/markets-and-operations/etools/oasis/system-information/ratings-
information.aspx.

1.5.7 External Transmission Facilities

Those transmission facilities outside PJM RTO and/or facilities not entitled to transmission
service under the PJM OATT are, for the purpose of transmission operations, considered
external transmission facilities.
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1.5.8 Non-PJM OATT Transmission Facilities

The Transmission Owners are responsible for the operation of their transmission facilities not
included in the PJM OATT or at a lower voltage level than NERC BES facilities; provided,
however, that the operation of these facilities does not compromise the reliable and secure
operation of other transmission facilities within the PJM RTO. Transmission Owners are
expected to comply with requests from PJM to take such actions with respect to coordination of
the operation of their facilities not included in the PJM OATT as may be necessary to preserve
the reliable and secure operation of the PJM RTO. At the request of the Transmission Owner,
PJM will assist the Transmission Owners in alleviating any constraint within the PJM RTO.
Because PJM may dispatch and schedule generation to alleviate a constraint only on a PJM
OATT Facility, Transmission Owners do not rely on PJM procedures to control constraints on
any facility not included in the PJM OATT. Generation assignments for transmission limitations
on Non-PJM OATT facilities are the financial obligation of the Transmission Owner. Generation
assignments for limits based on generating station/equipment limits on Non-PJM OATT facilities
are the financial obligation of the Generation Owner requesting the limit.

1.5.9 Transmission Facilities Not Monitored by PJM

The Transmission Owners are responsible for the operation of their Local Area Transmission
Facilities and facilities that are included in the PJM tariff but not “PJM Monitored Transmission
Facilities”. However, the operation of Local Area Transmission Facilities should not compromise
the reliable and secure operation of other transmission facilities in the PJM RTO. Transmission
Owners are expected to comply with requests from PJM to take such actions with respect to
coordination of the operation of their Local Area Transmission Facilities as may be necessary to
preserve the reliable and secure operation of the PJM RTO.

1.5.10 Local Facility Protection

At the request of the Transmission Owner, PJM will assist the Transmission Owners in
alleviating any local area constraint or condition. PJM may dispatch and schedule generation
to alleviate a constraint only on Monitored Transmission Facilities, therefore Transmission
Owners should not rely on PJM operating procedures to control constraints on their Non-Tariff
facilities, Local Transmission Facilities or non-monitored facilities. Generation assignments
for transmission limitations on non-monitored facilities are the financial obligation of the
Transmission Owner.

1.5.11 Facilities under PJM Congestion Management (Reliability and Markets) Control
PJM has developed requirements that Transmission Owners must follow in order for PJM to
operate generation to control loading or voltage on transmission facilities. All facilities under
congestion management must be observed in the PJM EMS with sufficient telemetry to provide
accurate and reliable state estimation (some redundant metering is generally required).

Generally, the Telemetry Requirements for Congestion Management Control are:

For a transmission facility to be under PJM Congestion Management Control, the facility must
be “observable” (as defined later in this section) with sufficient telemetry redundancy in the PJM
State Estimator. In general, the telemetry requirements for a line/transformer to be “observable”
with sufficient redundancy are:

* The branch has MW/MVAR telemetry at both ends and there is some MW/MVAR
telemetry for other branches/injections at buses connecting to the branch.
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OR
* The branch has MW/MVAR telemetry at only one end there is good MW/MVAR telemetry
for other branches/injections at buses connecting to the branch.
OR
» The branch has no MW/MVAR telemetry at either end but it has almost perfect MW/
MVAR telemetry for other branches/injections at buses connecting to the branch.
In general, the telemetry requirements for a bus to be “observable” are:
* The bus has at least one voltage telemetry point and it also has some MW/MVAR
telemetry for its branches and injections.
OR

* The bus does not have any voltage telemetry point but a voltage telemetry point is
available at the immediate neighbor bus (of the same voltage level) AND the bus being
evaluated has most of the MW/MVAR telemetry for its branches and injections.

Note:
See PJM M-01: Control Center and Data Exchange Requirements for specific requirements.

1.5.12 Process to Change the PJM Congestion Management Control Facilities List

The process and timeline required to make adjustments to the existing Congestion Management
Control Facilities List is described in detail in the PJM M-3A: Energy Management System
(EMS) Model Updates and Quality Assurance (QA).

1.6 PJM Procedure to Assign Line Designations for New Facilities 500
kV and Above

The following details the PJM process for assigning line designations for new facilities 500 kV
and above:

* PJM Transmission Planning receives approval from PJM Transmission Expansion
Advisory Committee (TEAC) and PJM Board for new 500 kV and above facilities.

* PJM Transmission Planning notifies PJM Operations Planning (OPD) of approval of new
500 kV and above facility.

+ PJM OPD reviews the new circuit configuration and the master list of existing PJM 500
kV and above facilities.

+ PJM OPD notifies the appropriate TO of the preliminary designated line number.
*+  PJM OPD proposes the new circuit designation to:

o0 Manager Dispatch.

o Manager EMS Support.

o Manager Power Systems Modeling.

Revision: B863, Effective Date: [iiiaoas 11/16/2022 PJM © 2022 23




A1

PJM Manual 03: Transmission Operations
Section 1: Transmission Operations Requirements

o Manager Transmission Planning.
o Manager Forward Market Operations.
o0 Manager Real-Time Market Operations.

Upon PJM internal approval, PJM OPD finalizes the new proposed designation by
notifying:

o PJM: Dispatch, EMS Support, Power Systems Modeling, and Transmission Planning.
o Committees: SOS-T, PC, and OC.
o TO: Appropriate TOs.

1.7 PJM Procedure to Review Remedial Action Schemes (RAS)

The following details the PJM and committee structure review process for Remedial Action
Schemes (RAS) and general timeline. The process is applicable to new, retiring, or

functional modified schemes. The procedure is designed to ensure sufficient analysis, notice,
documentation, PRC-012-2 requirements, and training on these RAS are established ahead of
implementation. The process is outlined in the following steps:

1.
2.

All proposed new RASs must meet the NERC RAS definition.

Owner forwards scheme to PJM for review by submitting PRC-012-2 Attachment 1 via
the email address RAS@pjm.com (PRC-012-2 R1).

PJM Planning, PJM Operations Planning, and Transmission Owner(s) review scheme
and system impact using PRC-012-2 Attachment 2. PJM will provide feedback to the
owner within four full calendar months of receipt or on a mutually agreed upon schedule
(PRC-012-2 R2).

a. PJM will provide a recommendation to the owner, including if the scheme meets the
RAS definition.

b. PJM will also identify whether the scheme is needed for reliability purposes including
operational performance.

c. Ifthe scheme is required for immediate reliability concerns, operational performance,
or to restore the system to the state existing prior to a significant transmission facility
event:

i  The scheme will be implemented as soon as possible.
i PJM will use reasonable best efforts to post the RAS information immediately.
PJM documents the scheme and revises Manual-03B.

RAS/SPS owner discusses the scheme at the PJM Committees, ultimately achieving full
Reliability Coordinator endorsement through the stakeholder process. The Committee
review should be done in the following order to allow technical feedback to be addressed
prior to the higher Committee review:

a. PJM System Operations Subcommittee (SOS).
b. PJM Relay Subcommittee (RS) (conditional).
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i Only for RAS impacting facilities 200 kV and above. The review can be done
prior to the SOS meeting depending on the meeting schedules.

c. PJM Operating Committee (OC).

d. PJM Market Implementation Committee (MIC).

e. PJM Planning Committee (PC).

f. PJM Markets and Reliability Committee (MRC).

6. PJM discusses the scheme at the PJM Dispatcher Training Subcommittee.

The committee review of the RAS and documentation process should be completed within
two months. For a new and modified RAS not required for immediate reliability concerns,
operational performance, or to restore the system to the state existing prior to a significant

transmission facility event, a minimum of 90 days will be required between posting the RAS
information and the actual implementation date of the RAS.

RAS owners shall submit results of operational performance analysis pursuant to PRC-012-2
Requirement 5 and Corrective Action Plans (CAPs) pursuant to PRC-012-2 Requirements 6 and
7 to RAS@pjm.com.

Note:

PJM will periodically evaluate RAS for retirement. When PJM identifies a scheme that may no
longer be needed, PJM will discuss and assess with both the RAS owner and the Transmission
Owner(s).

The retirement evaluation may be triggered by several factors:

1. RTEP project that the scheme is associated with has been completed.

2. Reliability issue that the scheme was designed to address no longer exists.

3. System changes have mitigated the congestion the scheme was designed to address.

4. Scheme has not been armed for several years.

PJM will evaluate operationally impactful external RASs on an annual basis. PJM will consider
registered RASs based on neighboring TOP/RC feedbacks and will study their impact on the
PJM system. For impactful external RASs, PJM will include their status in Operations Planning
studies and in Real-time assessments (TOP-001-4 R10.5).
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Section 2: Thermal Operating Guidelines

Welcome to the Thermal Operating Guidelines section of the PJM Manual for Transmission
Operations. In this section you will find the following information:

*  How PJM operates to prevent thermal problems (see “Thermal Limit Operations
Criteria”).

2.1 Thermal Limit Operation Criteria

The PJM RTO is operated so that loading on all PJM SOL are within normal continuous ratings,
and so that immediately following any single facility malfunction or failure, the loading on all
remaining facilities can be expected to be within emergency ratings. (All deviations from normal
procedure must be approved and documented in PJM Manual-03B.)

This principle requires that actions should be taken before a malfunction or failure occurs

in order to control post-contingency loading on a pre-contingency basis. Some examples of
possible pre-contingency actions include pre-arranged approved switching, use of approved
special purpose relays, Phase Angle Regulator tap adjustments (PARs), redispatch, and
transaction curtailment. These actions can be used pre-contingency to control post-contingency
operation so as not to exceed emergency ratings. These pre-contingency options are simulated
by PJM when performing the day-ahead analysis of the system.

Following any malfunction or failure, all remaining facilities or procedures of PJM are utilized,
as required in accordance with Exhibit 1 or as practical, to restore PJM RTO conditions within
30 minutes to a level that restores operation within normal ratings and protects against the
consequences of the next malfunction or failure. Transmission overloads, both actual and post-
contingency, are corrected within this time requirement. PJM uses the following techniques to
control contingency or system violations:

* Adjusting PARs.

» Switching reactive devices in/out of service or adjusting generator MVAR output.

» Switching transmission facilities in/out of service.

* Adjusting generation MW output via redispatch.

* Adjusting imports/exports.

* Issuing a TLR (Transmission Loading Relief).
If the above directed actions do not relieve an actual or simulated post-contingency violation,
then emergency procedures may be directed, including dropping or reducing load as required.

A Transmission Owner has the right to use its own devices after coordinating with PJM (i.e.,
Phase Angle Regulators - PARs) to correct for double circuit tower line contingency overloads
in their own system, ensuring that this corrective action does not aggravate an existing
contingency or create a new contingency. When a Transmission Owner detects a double

circuit tower line contingency and the PJM RTO detects a single contingency, both of which
require different corrective strategies, the Transmission Owner and the PJM RTO dispatchers
communicate to work out an overall solution for both problems, provided the net impact in MWs
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shifted for other Transmission Owners does not exceed that which is required for the single
contingency.

Note:

Under normal operations, PJM does not operate for double-circuit tower line (DCTL)
contingencies. However, PJM may operate for DCTL contingencies if Conservative Operations
are declared.

Note:
Generation redispatch for DCTL contingencies will be borne by the Transmission Owner and will
not be allowed to set LMP while not under Conservative Operations.

Note:

PJM system operations will implement actions to control for system congestion caused by
DCTL contingencies resulting from the declaration of Conservative Operations. PJM will issue a
PCLLRW when calculated post-contingency flows exceed Long Term Emergency (LTE) ratings.
PJM will initiate redispatch of generation when calculated post-contingency flows exceed the
Load Dump (LD) rating permitting off-cost generation to set LMP.

2.1.1 Facility Ratings
Three sets of thermal limits are provided for all monitored equipment:

*  Normal limit
* Emergency limit

* Load dump limit

PJM systems expect Normal (continuous), Emergency (long term and short term emergency are
set equal unless specifically approved otherwise) and Load Dump limits.

PJM supports two operational rating strategies for Monitored Transmission Facilities: traditional
thermal ambient temperature ratings, and dynamic line ratings (DLR). These strategies are
explained in subsections below. Note that while PJM supports the use of DLR, all requirements
related to the development and submittal of ambient temperature ratings data are still required,
and will be used in the event that a DLR system becomes unavailable or the use-case extends
beyond the DLR dataset.

The PJM RTO examines the set of thermal ratings that apply to Monitored Transmission
Facilities during all operating periods. The PJM RTO dispatcher performs the following actions:

* Any discrepancy between the PJM RTO and a Transmission Owner for a facility rating is
logged and reported to the PJM EMS Support Department for resolution. The immediate
resolution for a rating discrepancy is to use the lower of the two disputed values until a
more permanent resolution can be affected.

+ If it becomes necessary in actual operations to initiate constraint mitigation, including
off-cost operation for a facility, the operation is based on PJM RTO security analysis
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program information, unless a more limiting condition is detected by the Transmission
Owner’s security analysis program.

» Additional operator actions specific to ambient temperature ratings and dynamic ratings
can be found in Sections 2.1.1.1 and 2.1.1.2, respectively.

PJM requires a separation between Emergency and Load Dump ratings in order to enhance
PJM Operator awareness. In the event where the Transmission Owner (TO) calculated Load
Dump and Emergency Ratings are the same, the Emergency Rating submitted by the TOs shall
be, at a minimum, 3% lower than the submitted LD rating. If this change results in a normal
rating that is higher than the LTE rating, the TO shall, at a minimum, make the normal rating
equal to the LTE rating.

Load Dump ratings are determined to aid the system operator in identifying the speed
necessary to relieve overloads. Operation at a Load Dump rating should not result in any
facility tripping when actually loaded at that value for at least 15 minutes. For a facility loading
to approach the Load Dump rating, either multiple contingencies must have occurred or the
system had been operated beyond first contingency limits.

Note:
PJM dispatchers must return actual flows below Emergency ratings within 15 minutes and
below Load Dump ratings within 5 minutes, as indicated in the tables below.

2.1.1.1 Ambient Temperature Ratings

Eight ambient temperatures are used with a set for the night period and a set for the day period;
thus, 16 sets of three ratings are provided for each Monitored Transmission Facility. Ambient
temperatures of 95°, 86°, 77°, 68°, 59°, 50°, 41°, and 32°F for both day and night periods are
collated to constitute the 16 rating set selections. All Transmission Owners’ and the PJM RTO’s
security analysis programs must be able to handle all 16 sets and allow operating personnel

to select the appropriate rating set to be used for system operation. With a minimum of two

set selections required daily (day/night), the Transmission Owner and the PJM RTO security
analysis programs use these 16 ambient temperature rating sets for monitoring actual and
contingency overloads. All temperatures associated with the ambient temperature rating data
sets are in degrees Fahrenheit.

The PJM RTO dispatcher selects the ambient temperature rating sets, using the system
weather forecasts. The PJM RTO dispatcher performs the following actions:

* When a Transmission Owner’s facility is experiencing constraints in an area that has an
actual temperature (degrees Fahrenheit) less than the ambient temperature rating set
being used by the on-line programs, the actual temperature in the area is used to select
a more appropriate rating set for that facility. The selection is made from the remaining
15 sets. This adjustment is exercised when both the PUM RTO and the Transmission
Owner are in agreement, and have logged that agreement.

* Any adjustment to facility ratings, such as the temporary use of a different rating,
must be approved by PJM. These changes must be submitted to PJM through the
Transmission Equipment Ratings Monitor (TERM) consistent with PJM M-3A: Energy
Management System (EMS) Model Updates & Quality Assurance (QA), Appendix A:
TERM Equipment Ratings Update Process. TERM is an internet-based interactive
database located through eDART. The procedure and the rating are reviewed prior to
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approval by PJM. If an emergency rating change is needed, the change can initially be
approved via phone call to PJM; however, a TERM ticket must still be entered by the
next business day.

2.1.1.2 Dynamic Line Ratings

Transmission Owners may employ dynamic line ratings (DLR), which are an automatic and
continuous rating system. These automated rating systems utilize local monitoring systems to
determine the real-time rating of a particular transmission equipment. In this operating strategy,
the Transmission Owner determines the equipment’s dynamic ratings and transmits those
ratings to PJM’s Energy Management System via the established EMS datalinks (i.e. ICCP)
between PJM and the Transmission Owner. Four limit values are required to be transmitted via
the EMS datalinks for each DLR facility: Normal, Long Term Emergency, Short Term Emergency
and Load Dump rating.

PJM EMS performs several data validation checks on every new DLR set received, and the
DLR set becomes active if the values pass the validation checks. However, PJM dispatcher
might make the decision to switch to manual DLR mode in real-time as needed. In manual DLR
mode, every new DLR set requires PJM dispatcher review and approval to become active in
PJM EMS.

Note:
DLR Notice Requirement:

In order to assure the readiness of PJM market and operations systems for any facility moving
to the use of DLR, PJM requires notification in alignment with the rules in place for Transmission
Outages exceeding 30 calendar days in duration. Notice must be made at PJM Operations
Committee stakeholder meeting via a presentation per the following deadlines:

--Must be presented before February 1 (for the following planning cycle, June 1 — May 31) OR
by the 15t of the month six months in advance of the installation and use within the Operations
time horizon, whichever is more restrictive. (i.e., notice for a facility moving to DLR in June of an
upcoming year would have to be presented before December 15t.)

To ensure reliability and aid in operation to dynamic ratings, the following requirements shall be
met:

* The real-time communication method should follow the procedures in PJM M01: Control
Center and Data Exchange Requirements Section 3.2;

» Forecasted hourly dynamic ratings must be provided via PJM’s eDART TERM ticketing
processes that extend out to cover the current day operations time horizon and the next
day operations time horizon while meeting PJM reliability and day ahead market time
obligations. (i.e., rolling 48hr hourly forecasts, with a minimum of 38 hourly projections
ahead of Day Ahead market window.)

* Ambient temperature ratings must be maintained and used as a backup rating for any
case where the dynamic rating becomes unavailable, otherwise unusable, or should the
use case extend beyond the dynamic ratings dataset. All requirements set forth related
to ambient temperature ratings (see section 2.1.1.1) must continue to be met;

* The Transmission Owner must provide PJM with technical information regarding any
special operating procedures (i.e., Any that deviate from this section) that will be used
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following a dynamic rating system failure. The procedure shall be captured in PJM
MO3B: Transmission Operating Procedures.

Additional dynamic rating operation information including automated TERM ticketing can
be found in PJM MO3A: Energy Management System (EMS) Model Updates and Quality
Assurance (QA), Appendix A.

Dynamic Rating Outages:

For any given dynamic rating system failure, or with respect to a single dynamic rating facility,
rendering dynamic rating values to PJM unavailable via the EMS datalink, the following facility
owner & PJM Dispatcher actions are utilized:

The TO shall perform the following actions within 5 minutes of the given event:

* Notify PJM dispatcher of issue (dynamic rating system failure, or specific issue related to
one or more dynamic rating facilities);

» Provide appropriate interim ratings approach according to their ratings methodology,
such as:

o Utilize last good dynamic rating set(s);
o0 Utilize forecasted dynamic rating set(s);
o Utilize ambient temperarare-temperature ratings by one of the following:

- Fallback to default ambient temperarare-temperature rating set(s); [Section
2.1.1.1]

- Fallback to an alternative temporary rating set(s) as determined by the facility
owner. [Section 2.1.1.1]

* Notify PJM of any updates to the issue and/or interim ratings approach;

* Notify PJM when to return to use of dynamic rating values.

Note:

For issues such as above when dynamic rating facilities EMS data to PJM are unaffected by
the issue (i.e., ICCP data transfer to PJM remains intact), the TO may manually enter or use
ambient temperature ratings as the DLR values, and transmit those values to PJM via the EMS
datalink, as described in M01: Control Center and Data Exchange Requirements, Section 3.2.4.

The PJM dispatcher shall perform the following actions when presented with a dynamic rating
outage:

» Coordinate an agreed upon interim ratings approach for the impacted dynamic rating
facilities;

* As needed, implement necessary changes into the PJM SCADA system such as
dynamic rating disabling per facility, depending upon the issue/approach;

* Log the event, including the interim ratings approach;

+ Close the event log when the issue is mitigated and a return to dynamic rating has
occurred for a given TO’s dynamic rating system/facility.
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2.1.2 Short-Term Emergency Ratings

The existence of approved short—term emergency (STE) ratings can affect the time allowed
before implementing load shedding. If ratings exist that have a shorter-term rating than the
long-term emergency (LTE) ratings, then additional time may be available prior to implementing
load shedding.

If the actual flow is greater than the LTE rating but less than the STE rating, then the time to
correct (using load shedding) is equal to the time referenced by the STE rating. (e.g. if a 30
minute STE rating is provided and the actual flow exceeds the LTE rating but does not exceed
the 30 minute STE rating, then the time to correct using load shedding, is 30 minutes not 15
minutes).

If other real-time monitoring is available such as transformer temperature, line tension, etc., the
Transmission Owner may request that special procedures for their use be evaluated by PJM,
and, if appropriate, included in Manual-03B to evaluate the urgency of identified load shed as an
alternatives.

If the actual flow is greater than the STE rating but less than the Load Dump rating, then the
time to correct, using load shedding is 15 minutes.

Only those facilities designated in Attachment F of this manual with STE ratings will have those
STE ratings observed. Any facility with STE ratings that do not exist in Attachment F will be
controlled to the LTE rating.

The process for updating the STE rating is described in Section 2.1.3 of this manual.

2.1.3 How to Change Facility Ratings

Facility ratings may change due to equipment outages, equipment upgrades, or other identified
reasons. Changes to facilities ratings must be requested by the Transmission Owner via TERM.
Similar to the process for submitting a transmission outage request, the request to change
ratings should be made consistent with PJM M-3A: Energy Management System (EMS) Model
Updates and Quality Assurance (QA), Appendix A: TERM Processing Ratings Data Check List.

PJM’s EMS Support Department evaluates the request. The request must be evaluated before
the start date of the ticket, but preferably, it is approved two days prior to the start date. PJM’s
EMS Support Department evaluates the request by comparing the old and new ratings and
checking them against any future outages for reasonableness. The Transmission Owner can
look into TERM to see if their request has been approved.

After a request has been approved, PJM’s EMS Support Department implements the changes
into the EMS. The Transmission Owner can see the actual date of implementation via TERM. If
there is no implementation date listed, the change has not been put into PJM’s EMS yet.

While the change is being implemented by EMS Support, they will inform both PJM Dispatch
and Operations Planning of the upcoming change so they can account for it in their future
analysis.

Note that, if an emergency rating change is needed (typically outside of normal business hours),
the change can initially be approved via phone call to PJM; however, a TERM ticket must still be
entered by the next business day.
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Legend

IW

NON-COST

OFF-COST

LOAD SHEDDING

Thermal Limit Exceeded ‘ Corrective Actions ‘ Time to Correct

Normal Rating Non-cost actions, off-cost actions, Within 15 minutes of
emergency procedures except Load exceedance, load shed is
Shed Directive (See Manual M-13, not used.

Emergency Procedures).

(Actual flow greater than
Normal Rating but less than
Emergency Rating)

Emergency Rating All of the above including Load Within 15 minutes of
Shed Directive to control flow below exceedance

(Actual flow greater than Emergency Rating.

Emergency Rating but less

than Load Dump Rating) (Note 2)

Load Dump Rating All of the above including Load Within 5 minutes of
Shed Directive to control flow below exceedance
Emergency Rating. (Note 1)

(Note 3)

(Actual flow greater than
Load Dump Rating)

Exhibit 1: PJM Actual Overload Thermal Operating Policy

Note:

1: For unplanned load shed events, TO must initiate load dump action within 5 minutes after
PJM issues a Load Shed Directive. TO must not exceed the time based duration of any
Emergency rating/Load Dump rating.

2: TOs have the option of providing STE limits that are at least 30 minutes in duration. The STE
rating allows the time before load shed to be extended provided the actual flow does not exceed
the STE rating. If the actual flow is above the LTE but below STE, load must be shed within the
times indicated in Attachment F for the facility, if other corrective actions were not successful.

3: A load shed directive will be issued in an amount sufficient to get below Emergency rating.

Thermal Limit If Post-Contingency simulated loading Time to correct
Exceeded exceeds limit

Normal Trend — continue to monitor. Take non-cost N/A
actions to prevent contingency from exceeding
emergency limit.
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Thermal Limit If Post-Contingency simulated loading Time to correct

Exceeded exceeds limit

Emergency Use all effective actions and emergency Within 30 minutes
procedures except Load Shed Directive

Load Dump All of the above including Load Shed Directive if | Within 30 minutes
analysis indicates potential for post-contingency
cascading.

Exhibit 2: PJM Post-Contingency Simulated Thermal Operating Policy

Note:
System readjustment should take place within 30 minutes. PCLLRW should be issued as post-

contingency limit exceedance approaches 60 minutes in duration. However, PCLLRW can be
issued sooner at the request of the Transmission Owner or if the PJM Dispatcher anticipates
controlling actions cannot be realized within 60 minutes due to longer generator start-up +
notification times.
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Section 3: Voltage & Stability Operating Guidelines

Welcome to the Voltage & Stability Operating Guidelines section of the PJM Manual for
Transmission Operations. In this section you will find the following information:

» A description of the voltage, voltage related transfer, and stability limits (see “Voltage,
Transfer, & Stability Limits”).

» A description of the voltage operation and voltage limits (see “Voltage Operation and
Voltage Limits”).

» A description of the voltage control actions for low voltage operation (see “Voltage
Control Actions, Low Voltage Operation”).

* A description of the voltage control actions for high voltage operation (see “Voltage
Control Actions, High Voltage Operation”).

*  How PJM operates capacitors (see “Bulk Electric System Capacitor Operations”).
* A description of the transfer limits (see “Transfer Limits”).
» A description of the stability operation (see “Stability Limits”).

» A description of PUM’s load relief expectations for voltage concerns (see “Load Relief
Expectations”).

* A description of Interconnection Reliability Operating Limits (IROLs).

3.1 Voltage, Transfer, and Stability Limits

In addition to the thermal limits referenced in Section 2, PJM operates the PJM RTO considering
voltage and stability related transmission limits as follows:

* Voltage Limits — High, Low, and Load Dump actual voltage limits, High and Low
emergency voltage limits for contingency simulation, and voltage drop limits for wide
area transfer simulations to protect against wide area voltage collapse.

* Transfer Limits — The MW flow limitation across an interface to protect the system from
large voltage drops or collapse caused by any viable contingency.

» Stability Limits — limit based on voltage phase angle difference to protect portions of the
PJM RTO from separation or unstable operation.

3.2 Voltage Operating Criteria and Policy

PJM will operate the facilities that are under PJM’s operational control such that no PJM
monitored facility will violate normal voltage limits on a continuous basis and that no monitored
facility will violate emergency voltage limits following any simulated facility malfunction or failure.

Typically, high voltage emergency limits are equipment related while low voltage limits are
system related.

If a limit violation develops, the system is to be returned to within normal continuous voltage
limits and the system is to be returned to within emergency voltage limits for the simulated
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loss of the next most severe contingency consistent with the timelines in the charts below.
A 60-minute maximum time is allowed prior to issuing a Post-Contingency Local Load Relief
Warning.

In addition, the post-contingency voltage, resulting from the simulated occurrence of a single
contingency outage, should not violate any of the following limits:

+ Post-contingency simulated voltage lower than the Emergency Low voltage limit, or
higher than the Emergency High voltage limit.

* Post-contingency simulated voltage drop greater than the applicable Voltage Drop limit.

» Post-contingency simulated angular difference greater than the setting of the synchro-
check relay less an appropriate safety margin (ten degrees for a 500 kV bus). The
angular difference relates to the ability to reclose transmission lines.

PJM bus voltage limits by voltage level are as shown in Exhibit 3.

PJM operation requires that actions should be taken on a pre-contingency basis in order

to control operations after a malfunction or failure happens. Some examples of possible
pre-contingency actions include pre-arranged approved switching of capacitors or reactors,
Phase Angle Regulator tap adjustments (PARs), redispatch, and transaction curtailment. These
actions can be used pre-contingency to control post-contingency operation so as not to exceed
emergency ratings on a simulated basis. These pre-contingency options are considered by
PJM for inclusion in the day-ahead analysis. PJM does not have an Under Voltage Load Shed
program, controlling to voltage limits on a pre-contingency basis in order to avoid load shed.

Voltage Drop Violation limits are utilized to prevent voltage instability, which could result in
system voltage collapse. Voltage Drop Violation limits will be evaluated by PJM based on
studied system voltage characteristics. These limits can vary over a range of values depending
on local transmission system characteristics.

Load dump limits are provided to aid the system operator in identifying the speed necessary
to relieve constraints. Operation at a load dump limit should not result in any facility tripping
or voltage collapse when actually operated at that value for at least 15 minutes. In order for
an operator to be faced with actual voltages approaching the load dump limit either multiple
contingencies must have occurred or the system had been operated beyond first contingency
limits. PJM will review with each TO the PJM default voltage limits and the appropriateness of
using individual TO limits based on design and documented past operation.
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The following chart details PJM’s Voltage Operating Policy for an actual violation.

Voltage Limit If Actual voltage limits are violated Time to Correct
Exceeded
Normal High Use all effective non-cost and off-cost actions. | Within 15 minutes
Normal Low Use all effective non-cost actions, off-cost Within 15 minutes, load
actions, and emergency procedures except shed is not used.
Load Shed Directive.

Emergency Low Within 5 minutes

Load Dump Low Immediate

Pre-Contingency Use all effective non-cost actions. Prepare for | Not applicable
Transfer Limit off-cost actions. Prepare for emergency

Warning Point (95%) | procedures except Load Shed Directive.

Pre-Contingency
Transfer Limit

Within 15 minutes or
less depending on the
severity
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The following chart details PJM’s Voltage Operating Policy for a Post-Contingency Simulated

Operation.

Voltage Limit Exceeded If post contingency simulated voltage Time to Correct
limits are violated

Emergency High Use all effective non-cost actions. Within 30 minutes

Normal Low Use all effective non-cost actions. Not applicable

Emergency Low Use all effective non-cost actions, off-cost | Within 15 minutes, load
actions, and emergency procedures shed is not used.
except Load Shed Directive.

Load Dump Low All of the above including Load Shed Within 5 minutes
Directive™® if analysis indicates potential
for voltage collapse.

Voltage Drop Warning Use all effective non-cost actions. Not applicable

Voltage Drop Violation All effective non-cost and off-cost actions | Within 15 minutes

including Load Shed Directive ® if analysis
indicates potential for voltage collapse.
Post-Contingency Transfer | Use all effective non-cost actions. Not applicable
Limit Warning Point (95%) | Prepare for off-cost actions. Prepare for
emergency procedures except Load Shed

Directive.
Post-Contingency Transfer | All of the above including Load Shed Within 15 minutes or
Limit Directive if analysis indicates potential for | less depending on the
voltage collapse. severity

Note:
*Load shed, if necessary, will be implemented in 30 minutes to correct post contingency
simulated voltage violations.

Note:

PCLLRW should be issued as post-contingency limit exceedance approaches 60 minutes in
duration. However, PCLLRW can be issued sooner at the request of the Transmission Owner or
if the PJM Dispatcher anticipates controlling actions cannot be realized within 60 minutes.

3.3 Voltage Limits

PJM and the Transmission Owners established PJM Baseline Voltage Limits to protect
equipment and assure the reliable operation of the Bulk Electric System. Deviations and
exceptions to these Baseline limits are recognized based on equipment and local system design
differences. The PJM Baseline Voltage Limits are shown in Exhibit 3.
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3.3.1 Voltage Limit Exceptions

Some transmission systems within the PJM RTO are operated by PJM (in accordance to

the design of the Transmission Zone) to different voltage limits. Transmission Zone and

station limits are posted at htips://edart.pjm.com/reports/voltagelimits.csv. The posting can also
be viewed from the system information page at https://www.pjm.com/markets-and-operations/
etools/oasis/system-information.aspx.

These limits apply on a Transmission zonal and station basis and are used in lieu of the PJM
Baseline Voltage Limits.

* Transmission Owners can submit voltage limit changes using eDART.

» Generation Owners can request voltage limit monitoring by using the process as defined
in Section 3.5.4.

PJM Baseline Limits Vdrop
Warning

Vdrop Limit

kV

688.5

703.8

726.8

803.3

5.0%

8.0%

kV

P.U.

0.90

475.0

0.92

485.0

0.95

500.0

1.05

550.0

n/a

2.5%

n/a

5.0%

kv

P.U.

0.95

310.5

0.97

317.4

1.00

327.8

1.10

362.3

n/a

5.0%

n/a

8.0%

kv

P.U.

0.90

207.0

0.92

211.6

0.95

218.5

1.05

2415

n/a

5.0%

n/a

8.0%

kv

P.U.

0.90

144.9

0.92

148.1

0.95

153.0

1.05

169.1

n/a

5.0%

n/a

10.0%

P.U.

0.90

0.92

0.95

1.05

n/a

n/a

kV 124.2 127.0 1311 144.9 5.0% 10.0%
P.U. 0.90 0.92 0.95 1.05 n/a n/a
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PJM Baseline Limits NH Vdrop Vdrop Limit
Warning
115 kV
kV 103.5 105.8 109.3 120.8 5.0% 10.0%
P.U. 0.90 0.92 0.95 1.05 n/a n/a
69 kV
kV 62.1 63.5 65.6 72.5 5.0% 10.0%
P.U. 0.90 0.92 0.95 1.05 n/a n/a
Exhibit 3: PJM Baseline Voltage Limits
Note:

1: Transmission Owners shall not set UVLS settings on BES facilities higher than the PJM Load
Dump Voltage Limit (0.90 pu).

2: Voltage Drop criteria are not applicable for Operational Planning Analysis or Real-time
Assessment of pre-/post-contingency radial buses. However, the low/high voltage criteria are
applicable to all BES facilities.

3.4 Notification and Mitigation Protocols for Nuclear Plant Voltage
Limits

The maintenance of acceptable actual and post-contingency voltages at the substations of
nuclear power plants is critical to assuring that the nuclear safety systems will work properly if
required. In order to provide this assurance, the nuclear power plant operators must be notified
whenever actual or post-contingency voltages are determined to be below acceptable limits.
This requirement applies to all contingencies involving the tripping of the nuclear plant generator

or any transmission facility as the contingent element. The notification is required even if the
voltage limits are the same as the standard PJM voltage limits.

Nuclear plants may have voltage limits that are more restrictive than standard PJM voltage
limits. In the case where standard PJM voltage limits, as defined by the Transmission Owner
(TO), are more restrictive, PJM will direct redispatch without consultation of nuclear plants after
all non-cost measures are implemented; however, PJM will still notify the Nuclear Owner of the
violation to the limit. Off-cost generation will set Locational Marginal Prices (LMP). In the case
where nuclear plant voltage limits are more restrictive than standard PJM voltage limits, all costs
required to mitigate the violations will be borne by the generation owner.

PJM’s EMS models and operates to the most restrictive substation voltage limit for both actual
and N-1 contingency basis. PJM will initiate notification to nuclear plants if the PJM EMS results
indicate nuclear substation voltage violations. This notification should occur within 15 minutes
for voltage contingency violations and immediately for actual voltage violations. To the extent
practical, PJM shall direct operations such that the violation is remedied within 30 minutes.
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3.4.1 Communication

All communication of future and current operations between PJM and the nuclear plant should
be through the Transmission Owner (TO). If there is any confusion about a communication,

the plant can talk directly with PJM, however, the Transmission Owner should be appraised of
the discussion — if PJM to a nuclear plant direct discussions are needed the preferred method
would be a 3-way call among all parties (i.e., inclusion of TO). If off-cost operations are required
based on a more restrictive Nuclear Plant voltage limit, the Nuclear Plant or their representative
(Nuclear Duty Officer) may consult with the related MOC and evaluate whether an alternative
such as operating at a reduced output would alleviate the voltage violation and is more cost
effective. PJM will provide the approximate nuclear plant reduction, if applicable.

3.4.2 Information Exchange

Normally, PJM does not provide information relative to transmission operation to any individual
Market participant without providing that information to all. However, in this unique condition
where the public safety requirement is to have a reliable source for safe unit shutdown and/or
accident mitigation; it is imperative that specific information be provided to a nuclear plant (this
information should not be provided to their marketing members). If PJM operators observe
voltage violations or anticipate voltage violations (pre or post-contingency) at any nuclear
stations; PJM operators are permitted to provide the nuclear plant with the actual voltage at that
location, the post-contingency voltage at that location (if appropriate) and limiting contingency
causing the violation. The operation for more restrictive Nuclear Plant Voltage Limits at these
nuclear stations should not be posted or provided to the Market via Data Viewer, once off-cost
operations are initiated.

PJM Actions:

* PJM notifies nuclear plant, through Transmission Owner, of calculated post-contingency
violations to modeled voltage limits (Transmission Owner or more limiting Nuclear Plant
Voltage Limits).

+  PJM notify nuclear plant, through Transmission Owner, of violations to actual voltage
limits (Transmission Owner or more limiting Nuclear Plant Voltage Limits).

* Violations of more restrictive Nuclear Plant Voltage Limits must be agreed upon by the
nuclear plant and logged by PJM.

* All non-cost actions should be implemented prior to MW adjustments.

» All costs required to mitigate violations of more restrictive Nuclear Plant Voltage Limits
will be borne by the generation owner.

» Controlling actions must be cost-capped, if applicable.

* LMP shall not be used to control the voltage at these locations.

+ TLR shall not be used to control the voltage at these locations.

+ PJM will monitor the appropriate voltage limits based on changes provided.

* PJM notify nuclear plant, through Transmission Owner, when voltage level is restored
within limits (and stable).

+ Attempt to control more restrictive nuclear plant voltage limitations within 30 minutes.
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Transmission Owner Actions:

* The Transmission Owner shall independently monitor for Nuclear Plant actual and
contingency voltage violations as reflected on the Transmission System.

* Transmission Owner will communicate this notification from PJM to the nuclear plant
(Transmission Owner or more limiting Nuclear Plant Voltage Limit violations).

» Transmission Owners will monitor the appropriate voltage limits based on changes to
more limiting Nuclear Plant Voltage Limits as provided by the Nuclear Duty Officer
(NDO).

Nuclear Plant Actions:

* Nuclear plant will notify PJM, through Transmission Owner Shift Managers, when
different (new or default) voltage limits shall be used based on various plant service
loading conditions, design basis calculation revisions.

» Determine internal plant options, and if appropriate, provide revised limits.

o0 NOTE: Revised Nuclear Voltage Limits will also be communicated through eDART’s
Nuclear Voltage Limit feature, a zero MW ticket, or M-03 Attachment C.

* Coordinate with MOC to evaluate PJM provided redispatch option (no cost or unit
information will be provided).

» Provide PJM with decision to redispatch — if applicable.

» Provide PJM with decision that nuclear plant will closely monitor plant activities and
will take action within the plant if conditions change and inform PJM not to implement
off-cost.

* Provide PJM with clear direction if they do not want PJM to perform redispatch.

Note:

PJM dispatch’s goal is to resolve all voltage security violations (i.e., N-1 contingency) within
30 minutes, however; inherent communication delays related to off-cost agreement for nuclear
plant voltage limits may not permit this goal to be achieved.

3.5 Voltage Control Actions

PJM is responsible for the overall coordination of the Bulk Electric System voltage scheduling.
In general, since voltage schedules have a significant effect on local voltages PJM authorizes
the Local Transmission Control Center to establish and adjust generator voltage schedules
after gaining PJM approval. Whenever the voltage schedule impacts the overall PJM economic/
reliable operation, PJM shall exercise its operational control and direct changes to the
generation voltage/reactive schedules, capacitor/reactor schedule/status, and transformer LTC
operation for the overall reliable/economic operation of PJM.

+ PJM requires that automatic capacitor switching capability on facilities 230 kV and above
be documented in Section 3 of this manual. PJM authorizes the Local Transmission
Control Center to automatically or manually switch/adjust reactive devices connecting to
138 kV and below without notifying PJM. Transmission Owners shall evaluate the impact
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of switching BES capacitor/reactors or adjusting BES LTC on voltage limits and lagging/
leading MVAR reserves. The evaluation may require use of EMS Security Analysis

or other analysis packages depending on system conditions and proximity to limits.
Transmission Owners shall request PJM to study the impact of switching capacitor/
reactors or LTC adjustments if the TO determines they are unable to analyze the impact
on SOL related equipment.

* When deviating from the generator voltage schedule the Transmission Owner shall
coordinate with the PJM dispatcher so that PJM can determine if the change is
detrimental to PJM reliable/economic operation.

*  When PJM requests to change voltage or VAR schedule, PJM should discuss the
changes with the Transmission Owner and if the recommendation does not cause a
defined limitation the Transmission Owner should implement the PJM request. PJM has
operational control of the reactive facilities (transmission caps, LTC's, and generator
regulation). If internal plant limits (or Transmission Owner local limits) restrict the request
they should be logged so that PJM can investigate and recommend changes to plant
facilities if appropriate.

» Generation Owners that possess generation resources equipped with Power System
Stabilizers are required to communicate PSS status to the appropriate Transmission
Owner as well as to PJM via the eDART outage reporting system.

3.5.1 EHV Transformer LTC Operation

The PJM dispatcher has operational control of and coordinates the operation of the EHV
LTC transformer taps. In general, EHV LTC transformer tap changers are not operated under
automatic voltage control but are operated in coordination with all other Bulk Electric System
voltage control facilities.

Operation of the PJM RTO is coordinated in an attempt to minimize capacitor switching
operation and transformer tap changes. PJM coordinates with the Local Control Centers, all
switching of the Bulk Electric System capacitors & reactors to assist the system for actual or
post-contingency situations. Local conditions may require some deviations.

3.5.2 Voltage Control Options for Non-Tariff Facilities

On occasion, PJM is requested to dispatch generation to protect PJM member equipment/
facilities where that equipment is not included in the PJM tariff, and therefore not
accommodated by standard PJM redispatch. PJM will accommodate requests for scheduling
and dispatching off-cost generation. In the examples below, PJM describes conditions where
charging for off-cost generation may result.

Off-cost examples:

* If requested to run generation for a distribution related problem PJM will accommodate
a member’s request for “off-cost” operation. Appropriate billing will be made to the
requestor. [A PJM Transmission Owner may request limits to PJM OATT facilities to
protect their distribution system reliability (non-PJM OATT facilities). PJM will bill the
PJM Member for any resulting off-cost operation.]
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» If requested to run generation to protect a generating station or other non-tariff
facility, PJM can accommodate a PJM member’s request for the “off-cost” generation
assignment. PJM will bill the PJM Member for any resulting off-cost operation.

+ If requested to run generation for a Transmission Owner determined non-PJM reliability
limit, PJM will accommodate that member’s request for “off-cost” operation. Appropriate
billing will be made to the requestor.

As an alternative to PJM directed off-cost generation, the requestor could enter into an
agreement with any generation provider; this agreement would be treated independent from
the PJM billing process.

3.5.3 Bulk Electric System Capacitor/SVC Operation

The PJM dispatcher coordinates the operation of Bulk Electric System capacitors. Capacitors
should be kept in service whenever they are beneficial to the PJM RTO transfer capability or
reliability.

Note:

The capacitor banks at each installation operate independently of each other under normal
switching operations. Under normal conditions, the PJM dispatcher does not request that both
banks of capacitors at one location be brought on or off simultaneously; generally at least five
minutes between switching is desirable. The PJM dispatcher monitors the system voltage profile
and the transfer capability of the PJM RTO and requests capacitor switching or transformer tap
changes in a timely manner.

Operation of the PJM RTO is coordinated in an attempt to minimize capacitor switching
operation and transformer tap changes. PJM coordinates with the Local Control Centers, all
switching of the 230 kV and 500 kV capacitors and variable reactors to assist the system for
actual or post-contingency situations. Local conditions may require some deviations. The 500
kV LTC transformer taps should be adjusted to control the system voltage regardless of the
capacitor's in or out-of-service status. A bank of capacitors should not be switched in-service if
the voltage on the bus, upon which it is located, would violate voltage limits.

The PJM RTO maximum voltage limits should not be exceeded on an actual or simulated post-
contingency basis. As the PJM RTO voltage approaches limits, the PJM dispatcher analyzes
and estimates the future system voltages and decides if there will be a need to remove any

or all capacitors from service. The PJM dispatcher arranges to remove capacitors from service
prior to the PJM RTO voltage reaching the maximum limits.

If PdM’s simulated post-contingency analysis or a Transmission Owner’s real-time monitoring
program detects that the first contingency loss of a facility results in a Bulk Electric System bus
exceeding its Emergency High limit, the PJM dispatcher evaluates the removal of any or all
capacitors at that bus from service as necessary.

Prior to expected light-load periods, capacitors should be switched out-of-service before
reaching limits if the PJM dispatcher expects that the switching operation is required in the
future.

+ ACE’s 230 kV capacitor bank at Dennis is under automatic control of Dennis SVC and
230 kV capacitor bank at Cardiff is under automatic control of Cardiff SVC.

Revision: B863, Effective Date: [iiiaoas 11/16/2022 PJM © 2022 43




A1

PJM Manual 03: Transmission Operations
Section 3: Voltage & Stability Operating Guidelines

* DPL’s 230 kV capacitor bank at Indian River is under automatic control of Indian River
SVC.

+ First Energy South 500 kV switched capacitor banks at the Black Oak Substation are all
under automatic control of the Black Oak Static Var compensator (SVC).

» First Energy South 230 kV switched capacitor bank #3 at the Shingletown will be
switched automatically in and out of service depending on the Shingletown 230 kV
bus voltage. Automatic switching in-service will be initiated when the Shingletown bus
voltage is at 228.8 kV and switched out-of-service when the Shingletown bus voltage is
at 239.2 kV.

+ First Energy South 230 kV switched capacitor bank #2 at Montgomery will be switched
automatically in and out of service depending on the Montgomery 230 kV bus voltage.
Automatic switching in-service will be initiated when the Montgomery bus voltage is at
225 kV and switched out-of-service when the Montgomery bus voltage is at 236 kV.

+ First Energy South 230 kV switched capacitor bank at Damascus will be switched
automatically in and out of service depending on the Damascus 230 kV bus voltage.
Automatic switching in-service will be initiated when the Damascus bus voltage is at
220.8 kV and switched out-of-service when the Damascus bus voltage is at 234.6 kV.

* First Energy South 500 kV switched capacitor bank at the Meadow Brook Substation is
under automatic control of the Meadow Brook Static Var compensator (SVC).

+ First Energy East (JC) 230 kV capacitor banks at the Atlantic and Larrabee Substations
are all under automatic control of the Atlantic Static Var Compensator (SVC).

» First Energy East (JC) 230 kV capacitor banks at the West Wharton Substation are all
under automatic control of the West Wharton Static Var Compensator (SVC).

+ First Energy East (PN) 500 kV capacitor banks at the Hunterstown Substation are under
automatic control of the Hunterstown Static Var Compensator (SVC).

» First Energy East (PN) 230 kV capacitor banks at the Altoona Substation are under
automatic control of the Altoona Static Var Compensator (SVC).

+ First Energy East (PN) 230 kV capacitor banks at the Erie South and Four Mile
Substations are under automatic control of the Erie South Static Var Compensator
(SVC).

The following capacitor installations are equipped with Programmable Logic Controllers (PLCs)
or under SVC'’s logic control and are the first automatically switchable 500 kV capacitors on the
PJM RTO EHV system:

Capacitor Installation Banks

Juniata 2-250 MVAR Banks
Conemaugh 2-200 MVAR Bank
Conastone 1-200 MVAR Bank
Limerick 1-200 MVAR Bank

Revision: B863, Effective Date: [iiianas 11/16/2022 PJM © 2022 44




PJM Manual 03: Transmission Operations
Section 3: Voltage & Stability Operating Guidelines

Capacitor Installation H

Hunterstown* 1-100 MVAR Bank

Exhibit 4: Capacitor Installations with PLCs

* Under normal operating conditions capacitor bank(s) is/are under the SVC logic control.

To improve system voltages, the PJM dispatcher may switch capacitors with PLCs in service
prior to switching in service non-PLC capacitors in other areas.

PLC initiated switching is limited to a basic voltage scheme:
» Capacitor automatic tripping generally is set to occur as follows:
o0 Voltage above 555 kV — 15 seconds.
o Voltage at 555-550 kV — 15 to 60 seconds.
o Voltage at 550-545 kV — 1 to 15 minutes.
o Voltage at 545 kV — 15 minutes.
» Capacitor automatic closing generally is set to occur as follows:
Voltage below 470 kV — 1 second.
Voltage at 475-470 kV — 1 to 15 seconds.
Voltage at 500-475 kV — 15 to 60 seconds.
Voltage at 510-500 kV — 1 to 15 minutes.
Voltage at 510 kV — 15 minutes.

* Juniata 500 kV Capacitors — Both capacitors are in the AUTO mode of operation. The
voltage controlled operations are enabled for the capacitors in AUTO mode.

» Elroy 500 kV Capacitors - Two 300 MVAR capacitors (600 MVAR total) are located at
Elroy 500 kV substation. Control systems have been set to have the first 300 MVAR of
capacitors on system within 10 cycles from the beginning of the voltage collapse with the
second 300 MVAR of capacitors on system 20 cycles from the beginning of the system
event. Automatic switching will initiate when a 5% voltage reduction on all three phases
over a 5 cycle time period occurs, resulting in the closure of the first cap bank CB (no
time delay). 10 cycles after the first initiate the SEL 451 will initiate closure of the second
cap bank CB.

* The LSR Auto/Manual 43 Control Switch, located on Elroy control panel #1, SHALL
be placed in the manual position via EMS to disarm the auto scheme for the following
conditions:

O O O O o

o Maintenance outages at Elroy including Elroy 500 kV #2 Bus, 20-1 capacitor, 22-1
capacitor, 155 CB, or 175 CB.

o PJMissues a High System Voltage Action.

*+  When PJM cancels the High System Voltage Action, the Elroy capacitors are to be
placed in the auto position.
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Note:

The Elroy 500 kV Capacitors do not have SCADA control to turn on, but SCADA is available

to turn them off. They can be manually turned on, but require personnel on-site (45 minutes
advance notice required). PJM can, in emergency conditions when all other means of reactive
supply are exhausted, request PECO to send someone to turn on the Elroy capacitor banks
provided that PJM Operations has determined that the capacitor banks are no longer needed
for post contingency voltage control at that time and that the use of the capacitors for pre-
contingency voltage control would not lead to a voltage collapse situation should a contingency
occur.

The PJM Operations Planning staff develops modifications to transmission limitations as
necessary. As additional capacitor installations are placed into service, new transmission
limitations and operating guidelines are issued.

FE South EHV capacitors are operated in the manual mode but have automatic trips for high
voltage:

Substation H Capacitor ‘ HV Trip / Delay *
Bedington 500 kV #2 162.5 MVAR 550 kV — 8 Sec
Bedington 500 kV #3 162.5 MVAR 550 kV — 10 Sec

* Capacitors have a 5-minute time delay after tripping before they can be reclosed.

3.5.4 Addressing Voltage Limits at Generators and other Non-PJM OATT Facilities
(including Distribution)

* For alimitation at a Generator, Generation station facility, or other non-PJM OATT
facility, either the Transmission Owner or PJM Member can request PJM to operate for
any requested voltage limits at a specific bus that are identified as more restricting than
the PJM Baseline Voltage Limits.

» These requested voltage limits are submitted using the Manual-03 Attachment C form.

* Nuclear Generation Owners will enter the Nuclear Voltage Limits through eDART’s
Nuclear Voltage Limit Feature, a zero MW ticket, or M-03 Attachment C.

*  PJM will evaluate these limits for reasonableness and inform the requestor.
* The PJM Member will be billed for any “Off-Cost” operation.

3.5.5 Open-Ended Voltage Rise Analysis

While a transmission line may be open-ended for only a short period of time during line
energization and de-energization, the open terminal voltage may exceed acceptable levels as a
result of line charging. This can cause serious equipment damage. The steady state voltage at
the open end of an uncompensated transmission line is always higher than the voltage at the
sending end. This phenomenon, known as the Ferranti effect, occurs because of the capacitive
charging current flowing through the series inductance of the line. The equation representing the
Ferranti effect is:
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* V1 -0Open End Voltage.

*+ V2 - Closed End Voltage.

+ B —Phase Constant (0.11587/mile for all compensated transmission lines).
* L —Line Length in Miles.

In the event PJM security analysis programs are not available, the Ferranti equation may be
used as a guide to potential voltage rise during PJM 500 kV line switching operations. Voltage
rise (V) for three (3) source terminal (closed end) voltage levels (V5) are listed:

« 500 kV
+ 525 kV
+ 550 kV

PJM EMS “Try-back” displays reflect typically observed open-ended circuit terminal voltage for
500KV & 765KV lines.

PJM dispatch analyzes open-ended voltages when lines are energized/de-energized. PJM
dispatch adjusts the system to ensure the instantaneous voltages do not violate the Emergency
High Voltage Limit (if the Transmission Owner does not provide an Emergency High Voltage
Limit, PJM will apply the Normal High Voltage Limit).

Transmission Owners are permitted to establish Short-term 30 Minute Emergency High Voltage
Limits which can be used for short-duration events, such as planned switching. The short-term
30 Minute Emergency High Voltage Limits are higher than the Emergency High Voltage Limits.
PJM Dispatch shall use the short-term 30 Minute emergency voltage limits when evaluating
open-ended voltages. The following transmission zones have established Short-term 30 Minute
Emergency High Voltage Limits:

- AEP 840 kV (765 kV System)

Depending on current/anticipated system conditions, there may not be a near-term time-frame
conducive to controlling open-ended voltages within Emergency High Voltage Limit or Short-
term 30 Minute Emergency High Voltage Limits.

3.6 Low Voltage Operation

The PJM dispatcher uses PJM Real-time data and security analysis based programs as

the primary tool to evaluate the current state of the PJM EHV system on a simulated post-
contingency basis, as well as the anticipated future conditions of the PJM EHV system on a
simulated post-contingency basis. PJM security analysis programs detect the contingencies that
can cause any monitored bus to violate its low voltage and voltage drop limits.

The PJM RTO uses the following techniques to control low voltage:

» Switching capacitors in-service.
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Switching reactors out-of-service.

Adjust variable reactor tap positions.

Adjusting voltage set point of static VAR compensators (SVC).
Operating synchronous condensers.

Changing transformer tap positions.

Changing generation excitation.

Adjusting generation MW output (i.e., to change line flows).
Adjusting transactions.

Adjusting PARs.

Switching transmission facilities in/out of service.

The PJM Baseline Voltage Limits (see Exhibit 3) and how they would be applied to reliable
system operation is:

PJM will use the “PJM Baseline Voltage Limits” as the default “PJM Voltage Reliability
Operating Limit”. If a PJM Transmission Owner identifies a specific voltage reliability
limit, PJM will assess and use, if approved, that voltage reliability limit provided by the
Transmission Owner as the PJM Voltage Reliability Operating Limit. However, the use
will depend on the condition that the facility is specifically identified as a PJM Open
Access Transmission Tariff (“PJM OATT”) facility, and the limit is specifically identified as
required for reliable operation.

The PJM Voltage Reliability Operating Limit will be either the PJM Baseline Voltage Limit
or the Transmission Owner provided voltage reliability limit.

PJM does not charge or bill a PJM Transmission Owner for off-cost operation of

a PJM OATT facility as described above. In addition, these PJM Voltage Reliability
Operating Limits will be used in PJM System Planning reinforcement evaluations. PJM
shall evaluate the need to upgrade any restricting facility and study the validity of that
reliability limit.

3.7 High Voltage Operation

The PJM dispatcher uses PJM Real-time data and security analysis based programs as

the primary tool to evaluate the current state of the PJM EHV system on a simulated post-
contingency basis, as well as the anticipated future conditions of the PJM EHV system on a
simulated post-contingency basis. PJM security analysis programs detect the contingencies that
can cause any monitored bus to violate its high voltage limits.

The PJM RTO uses the following techniques to control high voltage:

Switching capacitors out-of-service.
Switching reactors in-service.
Adjust variable reactor tap positions.

Adjusting voltage set point of Static Var Compensators (SVC).
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* Adjusting voltage set point of Static Synchronous Compensators (STATCOM).
» Operating synchronous condensers.

» Changing transformer tap positions.

» Changing generation excitation.

» Adjusting generation MW output (i.e., to change line flows) for actual voltage violations
only.

* Adjusting PARs.

+ Switching transmission facilities in/out of service.

PJM performs the following actions to correct high voltage conditions (see PJM M-13:
Emergency Operations, Section 2.4.7 for additional Real-time emergency actions):

+ The PJM dispatcher requests that switchable capacitors be disconnected and switchable
reactors be connected.

+ The PJM dispatcher requests Local Control Center operators to direct all generators,
synchronous condensers and SVCs within their zone to absorb reactive power.

+ The PJM dispatcher requests neighboring Balancing Authorities to assist in reducing
voltage.

* The PJM dispatcher directs the adjustment 500/230 kV transformer taps to optimize
system voltage. Adjustment of transformer taps will be coordinated and agreed to
between PJM and the Transmission Owner before changes are made. The greatest
effect to control system voltage is attained by adjusting all 500/230 kV transformer taps.

+ The PJM dispatcher requests the Transmission Owners to open approved and effective
EHV circuits. The PJM dispatcher performs the following tasks:

o Verifies thermal conditions with on-line study programs.

0 Uses computer programs to study the simulated effects of switching and the steady
state voltage response.

o Directs operation to open both terminals by the TO (open the terminal without a
controlling source or the highest voltage bus first).

Opening Lines for Voltage Control

When high voltage conditions are expected on the PJM RTO, the PJM dispatcher uses PJM
Security Analysis programs to study possible actions (i.e., opening high voltage line) and
coordinates an operational plan before the situation becomes severe. If system voltages get
too high, it may be difficult (if not impossible) to remove a line from service due to the voltage
rise experienced at the open end of the circuit being removed from service. Corrective actions
have a maximum effect only when they are accomplished prior to experiencing the problem.

During high voltage conditions, opening high voltage circuit has a positive effect in reducing
system voltages for two reasons:

* ltincreases losses on the rest of the PJM EHV system.

* It eliminates the capacitive charging of the line.
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PJM has identified several circuits that, in the past, have been effective in controlling general
PJM RTO high voltage conditions when they are removed from service. Suggested high voltage
circuits to be studied are:

AEP area
+ Jacksons Ferry-Wyoming 765 kV line

*  Dumont-Greentown 765 kV line

Mid Atlantic Area
» Alburtis-Juniata (5009) 500 kV line
* Conemaugh-Juniata (5005) 500 kV line

Note:
This option may be preferable if one or both Conemaugh units are off-line.

+ Juniata-TMI (5008) 500 kV line

Note:
Transmission Owners require a person on site prior to returning these lines to service. The PJM
dispatcher schedules the return time of the line at least two hours in advance of switching.

Dominion and First Energy Areas
+ Mt. Storm-Meadow Brook (529) 500 kV line
» Carson-Suffolk (544) 500 kV line
* Clover-Rawlings (556) 500 kV line
* Glebe-Virginia Hills-Ox (248) 230 kV line
+ Braddock-Annandale (294) 230 kV line OR Braddock-Annandale (297) 230 kV line
* Yorktown—Hayes (2122) 230 kV line

Note:
Dominion prefers to only use this switching during Spring and Fall periods and requires 24
hours’ notice before switching is performed for all lines except Glebe — Virginia Hills - Ox.

High voltage problems of localized nature may be more effectively controlled by selective
measures in the particular area.

Restoring EHV Lines During High Voltage
The following guidelines should be utilized to restore the transmission facility to service:

* On-peak planned outages/returns should be delayed until projected system conditions
permit open-ended voltages to be controlled within Emergency High Voltage Limits, but
no longer than 24 hours.
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« Off-peak planned outages/returns should be delayed until projected system conditions
permit open-ended voltages to be controlled within Emergency High Voltages, but no
longer than the next on-peak period.

+ PJM Dispatch can deviate from guidelines above if reliability issues are projected
with the transmission facility out-of-service or if delaying the outage raises reliability
concerns.

Note:
On-Peak is defined as Monday — Friday, excluding Holidays. Off-peak is defined as Saturday —
Sunday, and Holidays.

3.8 Transfer Limits (Reactive/Voltage Transfer Limits)

Post-contingency voltage constraints can limit the amount of energy that can be imported from
and through portions of the PJM RTO. The PJM EMS performs automated online full AC
security analysis transfer studies to determine Transfer Limits for the use in real-time operation.
The PJM Transfer Limit Calculator (TLC) simulates worse case transfers, with the simulation
starting point being the most recent State Estimator solution. The TLC executes in the PJM
EMS approximately every 5 minutes automatically recommending updated Transfer Limits to
the PJM Dispatcher. The TLC determines a collapse point for each interface. Each interface
consists of a number of BES facilities. PJM has established the following Transfer Interfaces in
the PUM RTO:

Transfer Interface Interface Definition (From Bus - To Bus)

Eastern + 5059 Breinigsville — Alburtis #1 500 kV line
(Eastern) « 5058 Breinigsville — Alburtis #2 500 kV line
» 5009 Juniata — Alburtis 500 kV line

» 5066 Lauschtown — Hosensack 500 kV line
» 5010 Peach Bottom — Limerick 500 kV line
* 5025 Rock Springs — Keeney 500 kV line

* 5063 Lackawanna - Hopatcong 500 kV line

Central 5004 Keystone — Juniata 500 kV line
(Central) « 5005 Conemaugh — Juniata 500 kV line
* 5012 Conastone — Peach Bottom 500 kV line

5004/5005 . 5004 Keystone — Juniata 500 kV line
(5004/5005) « 5005 Conemaugh — Juniata 500 kV line
Western + 5004 Keystone — Juniata 500 kV line
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Transfer Interface

Interface Definition (From Bus - To Bus)

(Western) 5005 Conemaugh — Juniata 500 kV line
5068 Vinco — Hunterstown 500 kV line
5055 / 522 Doubs — Brighton 500 kV line
Bedington — Black Oak 544 Black Oak — Bedington 500 kV line
(Bed-Bla)
AP South 583 Bismark — Doubs 500 kV line
(AP South) 540 Greenland Gap — Meadow Brook 500 kV line
550 Mt. Storm — Valley 500 kV line
529 Mt. Storm — Meadow Brook 500 kV line
AEP - Dominion Kanawha River — Matt Funk 345 kV line
(AEP-DOM) Wyoming — Jacksons Ferry 765 kV line
Baker — Broadford 765 kV line
Cleveland Hanna — Chamberlin 345 kV line
(CLVLND) Hanna — Juniper 345 kV line
Star — Juniper 345 kV line
Star — North Medina 345 kV line
Erie West — Ashtabula 345 kV line
Mansfield — Glenwillow 345 KV line
Monroe — Lallendorf 345 kV line
CE-East Dumont - Wilton Center 765 kV line
(CE-EAST) Olive - University Park North 345 kV line
St. Johns - Crete 345 kV line
Sheffield - Burnham 345 kV line
Sheffield - Stateline 345 kV line
Munster - Burnham 345 KV line
BC/PEPCO 5055/522 Doubs - Brighton 500 kV line
(BC/PEPCO) 5013 Hunterstown - Conastone 500 kV line
5012 Peach Bottom - Conastone 500 kV line
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Transfer Interface ‘ Interface Definition (From Bus - To Bus)

+ 560/5070 Possum Point — Burches Hill 500 kV line
* Aqueduct - Dickerson 230 kV line

* Doubs — Dickerson 23102 230 kV line

*  Cooper — Graceton 230 kV line

» Edwards Ferry — Dickerson 230 kV line

» Otter Creek — Conastone 230 kV line

« Safe Harbor - Graceton 230 kV line

+ Face Rock - Five Forks#% 115 kV line

» The transfers across an interface are the MW flows across the transmission paths.
The transfer limits are the MW transfer beyond which reactive and voltage criteria are
violated.

The reactive transfer limits are used to limit the total flow over the interfaces. The reactive limits
are either pre-contingency MW limits or post-contingency MW limits. The limits are based on

a post-contingency voltage drop, a post-contingency low voltage, or the steady state voltage
collapse point.

The PJM dispatchers continuously monitor and control the flow on each transfer interface so
that the flows remain at or below the transfer limits. This ensures that no single contingency loss
of generation or transmission in or outside the PJM RTO causes a voltage drop greater than the
applicable voltage drop criteria.

In addition, special operating procedures are used to address reactive issues. Additional
interfaces will be established by PJM Operations Planning as required.

3.9 Stability Limits

The PJM RTO established stability limits for preventing electrical separation of a generating unit
or a portion of the PUM RTO. PJM recognizes three types of stability:

+ Steady State Stability - A gradual slow change to generation that is balanced by load.

* Transient Stability - The ability of a generating unit or a group of generating units to
maintain synchronism following a relatively severe and sudden system disturbance. The
first few cycles are the most critical time period.

* Dynamic Stability - The ability of a generating unit or a group of generating units to damp
oscillations caused by relatively minor disturbances through the action of properly tuned
control systems.

PJM will operate the facilities that are under PJM operational control such that the PJM system
will maintain angular and voltage stability following any single facility malfunction or failure.
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In general, stability is not a limiting constraint on the PJM RTO.

In addition to the special operating procedures addressing stability limit issues in Manual-03B,
PJM utilizes a real-time Transient Stability Assessment (TSA) tool. TSA can monitor and
determine transient stability of the system subject to a select set of EMS contingencies for
balanced and unbalanced faults. PJM models a select set of three-phase faults with normal
clearing and single-phase faults with delayed clearing. The contingencies or faults are in
alignment with most planning events as defined in TPL-001-4 categories P1 through P4.

TSA will also monitor and control for dynamic stability using a 3% damping criteria for the RTO.
TSA will display contingencies and impacted generators not meeting 3% damping criteria for
units 10 MVA or above, as simulated between 10 and 15 seconds. PJM will perform additional
simulations to validate damping results not meeting criteria in Real-time.

TSA computes stability limits by using real time network models. It interfaces with the EMS and
uses the State Estimation solution. Other input data includes the dynamic model for over 3000
generators and fault clearing times for specific equipment. For equipment without a specific
fault clearing time, TSA will use zonal default clearing times. TSA also calculates and provides
recommended stability control measures to prevent generator instability. Typically, the control
measure is expressed in terms of generator-specific MW adjustment. In some cases, a Mvar
adjustment may resolve a stability issue.

TSA is used to monitor and control the generators with known stability concerns as defined

in PJM Manual-03B. Since TSA uses real-time system conditions to assess stability, the limits
tend to be less conservative or less restrictive than the manual operational procedures. The
operational procedure limits are usually determined using conservative assumptions in order to
cover a wider range of operating conditions. For scheduled transmission outages, TSA studies
are used to determine the stability limits. For forced outages, the Manual-03B operational
procedure limits are used until a real-time TSA run is completed. PJM will also use the
Manual-03B operational procedure stability limits in certain cases, such as when TSA is down.

3.9.1 Process for Handling Generator Stability Limitations
When stability issues are identified, PJM will:

» Confirm/calculate the stability limitation and communicate the impacted unit(s) and
associated limit value(s) as a Stability Limit, including the effective timeframe, to the
impacted PJM generation owner(s) as quickly as possible and prior to DA market
submission when practical.

o This includes any changes, including cancelation, around a given stability limit.

» Stability Limits will be established and logged within PJM’s TO Connection tool as one or
more of the following:

o Real power (MW) limitation;
0 Reactive power (MVAR) limitation;
0 Maximum units online, in either a generating or pumping mode, limitation.

» For real power (MW) stability limits only, TO Connection limits will be translated into a
corresponding generator output constraint (in MW) for a single generator or a group of
generators whereby these generator output constraints shall be respected within the:
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o Day Ahead Market reserve assignments and economic dispatch.

o Real Time Market regulation/reserve assignments and economic dispatch.

The stability limit will be updated periodically based upon ongoing topology changes.

For details on how Stability Limits will be treated in the Market Clearing Engines and
Settlements, please reference Manual 11, Section 2.18 and Manual 28, Section 5.2.6
respectively.

Note:

For previously identified stability constraints already documented in an Interconnection Service
Agreement (ISA), the generation owner may have already agreed to limit its output to ensure
stability constraints are mitigated. In such cases, a generator output constraint will be configured
such that the economic dispatch will limit the output of such resource (inclusive of regulation
and reserve assignments) to the agreed upon limit before the output of any other impacted
generators are limited.

Such ISA notations must be reflected within the associated PJM Transmission Operating
Procedures (M-03B) in order for PJM Operations staff to manage them per the arrangement.

3.10 Interconnection Reliability Operating Limit (IROL)

The Interconnection Reliability Operating Limit is the value (such as MW, MVar, Amperes,
Frequency or Volts) derived from, or a subset of the System Operating Limits, which

if exceeded, could expose a widespread area of the Bulk Electric System to instability,
uncontrolled separation(s) or cascading outages. PJM M-37: Reliability Coordination defines
PJM’s methodology for determining, monitoring, and controlling IROL facilities.

3.11 Generator Voltage Schedules

PJM defines default Generator Voltage Schedules as follows:
H PJM Default Generator Voltage Schedules ‘
Voltage Level (kV) | 765 500 345 230 161 138 115 69 66

Schedule (kV) 760.0 |525.0 |350.0 |(235.0 (164.0 |139.5 |117.0 |70.0 67.0

Bandwidth (+/- kV) | +/-10.0 |+/-8.0 |+/-7.0 |+/-4.0 |+/-4.0 |+/-3.5 |+/-3.0 |+/-2.0 | +/-1.5

PJM Transmission Owners must supply and communicate voltage schedules and a low and
high bandwidth or the PJM default voltage schedule as noted in the above table to all
Generation Owners and PJM in the zone for applicable generators meeting the following
criteria:

* Individual generating units greater than 20 MVA.
* Generators that aggregate to 75 MVA or greater connected to a common bus.

* Black start generators.
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* Any other Generation Owner that request a voltage schedule

The eDART Voltage Schedule application is used to ensure consistent tracking and reporting
protocols for communication of generator voltage schedules between Transmission Owners,
Generation Owners, and PJM. Effective June 1, 2020, it is the required method for voltage
schedule communication for PJM generators. On an annual basis, PJM shall initiate a voltage
schedule review, in which applicable generator voltage schedules shall be reviewed and
updated as needed by Transmission Owners, for acknowledgement by Generation Owners
through the eDART Voltage Schedule application or by email.

The eDART Voltage Schedule application allows Transmission Owners to specify voltage
schedules for each applicable generator in the form of a Voltage Schedule ticket containing:

+ Atarget voltage schedule,
* Upper and lower bandwidths,

* The regulated transmission bus.

The specified schedule shall be based on either the PJM default voltage schedule, or the
Transmission Owner’s specifications, which may be any one of following schedule types:

+ Voltage
* Reactive Power

 Power Factor

The eDART Voltage Schedule application is used to ensure that all applicable generators have
either a specified voltage schedule or an approved exemption (based on a Transmission Owner
exemption request). Each generator voltage schedule will be submitted by the Transmission
Owner into the application, followed by PJM’s technical review, and then by the Generation
Owner’s acknowledgement.

Generation Owners shall communicate concerns regarding the assignment of the Transmission
Owner voltage schedule/bandwidth or PJM Default Voltage Schedule/Bandwidth to PJM and
the TO for resolution. This communication shall be made via the eDART Voltage Schedule
application by using the GO Comment functionality.

A Transmission Owner wishing to exempt an applicable generator from following a voltage
schedule shall submit an exemption request via the eDART Voltage Schedule application,
including the engineering basis such as, but not limited to, stability limitations, generator
connected to radial circuits or to a tap changer voltage controlled bus, customer voltage quality
limitations etc., for such exemption. PJM, in coordination with the affected Transmission Owner,
must review the request and provide approval (or denial) based on their analysis, before the
change can go into effect.

PJM Transmission Owners have the authority to direct the Generation Owners to comply with
the voltage schedule in automatic voltage control mode (AVR in service and controlling voltage).
Generation Owners are required to maintain the same voltage schedule when AVR is out of
service unless directed otherwise.
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PJM Transmission Owners are required to coordinate voltage schedules, as well as adjustments
to voltage schedules, with PJM Dispatch and the Generation Owners. PJM Dispatch will
approve/deny adjustments based on PJM EMS Security Analysis results. PJM may elect

to deviate from voltage schedules based on load levels, transfer patterns, transmission or
generation outages, or as required to honor pre/post-contingency voltage limits or to maximize
transfer capability based on PJM Security Analysis. The Transmission Owner will provide

the Generation Owner with notification requirements for deviations from the specified voltage
schedule, and the Transmission Owner will coordinate any deviations with PJM for resolution
(see Notes 2 and 3 below).

Transmission Owners shall provide the criteria used to develop the voltage schedule or reactive
power schedule via eDART to PJM within 30 days of receiving a request from PJM. PJM

will use the eDART tool to provide the criteria received from the Transmission Owner to the
Generation Owner. Transmission Owners have the ability to submit criteria into eDART at any
time and shall update the criteria whenever a change has been made. The Transmission Owner
shall notify PJM if unable to provide the criteria within 30 days of receiving a request.

PJM Transmission Owners have the authority to direct Generation Owners to adjust voltage
schedules after coordinating with PJM Dispatch. PJM also has the responsibility and authority
to direct Generation Owner to increase or decrease MVAR output as well as direct the

switching of reactive control devices to maintain voltages as system conditions dictate. PJM

will communicate these instructions to the Generation Owner through the Transmission Owners.
Transmission Owners have the authority to instruct a Generation Owner to increase or decrease
voltage/MVAR output to remain within the Transmission Owner voltage or PJM Default Voltage
schedule/bandwidth.

Only PJM has the authority to request a Generation Owner to adjust MVAR output if such a
direction adversely impacts the unit's MW output. In addition, only PJM has the authority to
order a generator on line in the condensing or generating mode to provide voltage support.
Also, if a generator is scheduled to come off line either by PJM or the Generation Owner, only
PJM has the authority to order the generator to remain on line in the condensing or generating
mode to provide voltage/MVAR support.

Generation Owners must coordinate any real-time voltage schedule issues with PJM and the
Transmission Owner.
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Note:

1: PJM monitors system and generator bus voltage via its EMS. In addition, PJM makes
available to generators via ICCP and/or DNP protocols their designated voltage schedules
and real-time bus voltages to allow the Generation Owners to monitor their unit's performance
relative to the designated voltage schedule. PJM’s expectation is that the Generation Owners
maintain their assigned voltage schedule within the prescribed bandwidth and notify PJM and
the TO when a generator is outside of its bandwidth continuously for 30 minutes unless
otherwise specified by the Transmission Owner or exempted in Note 3. When the generator
is again able to maintain its voltage schedule continuously for 30 minutes, notification to PJM
and the TO that the generator is back on its voltage schedule is also required.

2: If a generator is unable to maintain its voltage schedule within defined bandwidths
continuously for 30 minutes, and there is additional calculated leading or lagging MVAR
reserves based on submitted Facility Reactive Capability Curves (D-Curves), the Generation
Owner is required to notify PJM and the TO within 30 minutes and provide updated Facility
Reactive Capability Curves (D-Curves) via eDART by the end of the next business day.

3: If a generator is unable to maintain voltage schedules within bandwidth continuously for 30
minutes, and it is operating at full lead MVARSs in an attempt to stay within its voltage schedule
maximum limit or at full lag MVARSs in an attempt to stay within its voltage schedule minimum
limit, based on submitted Facility Reactive Capability Curves (D-Curves), notifications to PJM
and the TO are not required.

4: PJM requires PJM Transmission Owners to notify Generation Owners of applicable
generators (that meet the criteria documented in 3.11 above) within their transmission zone of
Transmission Owner voltage schedules or PJM default schedules. This notification shall include
generators connected to systems owned by entities that are not PJM Transmission Owners
such as municipalities or electric cooperatives. If the TO is not able to provide a TO voltage
schedule to generators (municipalities, electric cooperatives etc.), the TO must notify PJM,;

and PJM will communicate the PJM default voltage schedule to the Generation Owner via the
eDART Voltage Schedule application.

3.12 Reactive Reserve Check (RRC)

PJM leverages a process known as a Reactive Reserve Check (RRC) to assess the RTO’s
and its member’s position with respective to dynamic and static reactive (var) power. Typically,
an RRC is performed prior to Peak conditions, such as when a Heavy Load Voltage Schedule
Warning (See M-13, PJM Emergency Procedures Manual) has been issued. An RRC may also
be needed during light load conditions, such as a Minimum Generation Alert (See M-13, PJM
Emergency Procedures Manual) issuance. In addition, PJM may issue an RRC once a week,
such as a Sunday check, for testing purposes. For PJM, reactive power is expressed in MVAR,
and for the purposes of an RRC, that MVAR reserve is expressed:

+ as MVAR available (lagging) to the system for a Peak (heavy-load) RRC;
+ as MVAR available (leading) to be taken off the system for a Valley (light-load) RRC.

Reactive assets for the PJM RTO area consist of PJM modeled generating units, synchronous
condensers, static var compensators (SVCs), capacitors, and reactors.
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PJM assesses the reactive reserve of the associated equipment via three (3) key metrics:

1.

Note:

Capability: The lagging (and/or leading) capability for a given piece of reactive
equipment.

a. For generating units, synchronous condensers and SVCs, the capability is comprised
of the permissible range of operation for the equipment, also known as the Reactive
Power Capability Curve. For an RRC, PJM utilizes the lagging/leading MVAR points
of the curve corresponding to the real-time real power (MW) output of the facility.
Thus, capability is expressed as a maximum (lagging) and minimum (leading) MVAR
range.

i  Reduced/expanded capability should be communicated through an eDART ticket
and communicated to PJM Dispatch.

b. For capacitors and reactors, the capability is single MVAR value corresponding to the
maximum (lagging) MVAR capability for capacitors, or a minimum (leading) MVAR
capability for reactors, PJM would anticipate at unity power factor.

Status: Status reflects the real-time connectivity to the PJM system, and is expressed as
Online or Offline. Equipment real-time status is to be provided to (typically derived from
circuit breaker status and/or MW/MVAR output) PJM via telemetry. Real-time status of
an Automatic Voltage Regulator (AVR) for a given generator or synchronous condenser,
or the automatic/manual response for a given SVC, must also be communicated to PJM
Dispatch. Unless otherwise agreed to or communicated to PJM Dispatch:

a. When a generator is above economic minimum real power output, PJM considers
the AVR to be in-service/automatic mode and regulating voltage.

b. When a synchronous condenser is online and connected to the grid, PJM considers
the AVR to be in-service/automatic mode and regulating voltage.

c. When an SVC is connected to the grid, PJM considers the SVC to be in automatic
mode and regulating voltage.

Availability: The availability and/or unavailability of a reactive device in full is
communicated to PJM through the absence of a PJM eDART ticket (availability) or the
presence of an eDART ticket (unavailability) which identifies the equipment as being
unavailable.

For the purposes of this manual and the RRC, in order to ensure the accuracy of PJM’s
RC/TOP tools, PJM Members shall provide timely updates to PJM Dispatch through appropriate
tools regarding any impact to the Capability, Status, and/or Availability of their reactive
equipment. This can be done via telemetry, through maintaining timely and appropriate updates
with respect to eDART tickets, and/or direct communication to PJM Dispatch as the situation
warrants.
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PJM Actions:

+ PJM dispatcher initiates the RRC within the eDART application and requests response
for the entire PJM RTO or on a Control Zone basis, as necessary. (Default is entire PJM
RTO).

+ PJM dispatcher announces the RRC to members via PJM All-Call (or backup
communications channels if PJM All-Call is not available).

+ PJM dispatcher takes a snapshot of reactive reserves from the PJM EMS system for
comparison purposes.

+ PJM dispatcher works with member to resolve/rationalize reported differences in reactive
reserves, correcting capability data as needed to ensure accurate Contingency Analysis
results.

Generation Owner Actions:
« Qutside of an RRC:

0 Report Capability, Status and/or Availability of their reactive equipment per normal
procedures/tools.

o Notify TO/PJM regarding unit reactive performance issues, and update eDART as
appropriate.

* During an RRC:
o No action required, unless support directly requested by PJM/TO dispatcher.

Transmission Owner Actions:
e Qutside of an RRC:

o0 Report Capability, Status and/or Availability of their dynamic/static reactive
equipment per normal procedures/tools.

o Review eDART Reactive Capability Curves for units within the TO’s zone, and
update LCC EMS or reconcile deviations with PJM/GO as needed.

o Compare LCC EMS information on an equipment level basis to PJM EMS data via
the New Reactive Reserve Check: RRC Self-Check form.

* During an RRC:
o TO enters required data in eDART via the eDART RRC Web form or via XML upload.

Note:
TO members seeking to provide ICCP submittal to an RRC, or with questions regarding the
RRC process, should reach out to RRCHelp@pjm.com.

Further information can be found via PJM eDART User Group, the PJM eDART site, the PJM
Tech Change Forum, and related committee level meetings.
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Section 4: Reportable Transmission Facility Outages

Welcome to the Reportable Transmission Facility Outages section of the PJM Manual for
Transmission Operations. In this section, you will find the following information:

» A description of the general principles of scheduling outages (see “General Principles”).

* How the Transmission Owner schedules a transmission facility outage (see “Scheduling
Transmission Outage Requests”).

*  How PJM processes a Transmission Outage Request (see “Processing Transmission
Outage Requests”).

* A description of the equipment failure procedures (see “Equipment Failure Procedures”).

» A description of the Transmission Acceleration Outage Process.

4.1 General Principles

Transmission Owners have the right and obligation to maintain and repair their portion of

the transmission system. PJM approves all Reportable Transmission Facility outages prior to
removal of the equipment from service. PJM will coordinate scheduled outages of all Reportable
Transmission Facilities with planned generation outages that are submitted to PJM and may
affect PJM RTO operation. For purposes of scheduling, Reportable Transmission Facilities
include, but are not limited to, lines, transformers, phase angle regulators, buses, breakers,
disconnects, Bulk Electric System capacitors, reactors, and all related equipment.

Generation Owners that own transmission equipment such as circuit breakers, capacitor banks,
etc., do not have the capability to submit outage requests on transmission equipment in eDART.
As a result, for Reportable Transmission Facilities in each TO zone, the Generation Owner
must notify the affected Transmission Owner who must then submit outage requests to PJM

via eDART for this generation-owned equipment as soon as practical after they are informed

of the outage. It is the responsibility of the Generation Owner to keep the Transmission Owner
updated on the status of this equipment and any associated outage requests.

PJM maintains a list of Reportable Transmission Facilities. Each Transmission Owner submits
the tentative dates of all transmission outages of Reportable Transmission Facilities to PJM as
far in advance as possible.

Procedures and timelines are established for the scheduling, coordinating, requesting, studying,
approving, and notifying of the transmission outage to/by the appropriate Transmission Owner
and PJM. The procedures and timelines are identified in this section and are periodically
reviewed and revised.

Under certain conditions such as extreme weather, peak load, heightened homeland security,
etc., PJM will evaluate the need to operate the Power Grid in a more conservative manner.
Actions that may be taken in these special circumstances include, but are not limited to,
canceling by Transmission Owner, denying by PJM, or rescheduling outages and returning
outaged equipment to service. The status of rescheduled outages is described in detail under
the subheading, “Rescheduling Outages”.
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4.2 Scheduling Transmission Outage Requests

Each Transmission Owner shall submit the tentative dates of all planned transmission outages
of Reportable Transmission Facilities to PJM via eDART as far in advance as possible and
update PJM at least monthly. For transmission outages exceeding five days, the TO shall use
reasonable efforts to submit the planned outage schedule via eDART one year in advance but
no later than 0000 hours on the first of the month six months in advance of the requested start
date along with a minimum of monthly updates.

PJM maintains a planned transmission outage schedule for a period of at least the next

13 months. The planned transmission outage schedule is posted, subject to change, on the
PJM Open Access Same-time Information System (OASIS). Planned transmission outages

are given priority based on the date of submission. All planned transmission outages will be
posted on OASIS within 20 minutes of Transmission Owner submittal of the outage through
the PJM eDART system, with further updates as new information is provided in eDART. PJM
periodically reviews all submissions of planned transmission outages and considers the effect of
proposed transmission outages upon the integrated operation of the transmission system using
established operating reliability criteria, as described within Sections 2 and 3 of this manual.
Advance notification assures that the outage is reflected in both the ATC analysis and the FTR
Auction.

4.2.1 Outage Submittal Rules

+ The TO is required to submit all outage requests in excess of 5 calendar days in duration
before the 15t of the month six months in advance of the start of the outage.

» QOutages exceeding 30 calendar days in duration for the following planning cycle (June
1 — May 31) must be submitted before February 1, preceding the planning year (i.e., for
planning year “June 1, 2020 — May 31, 2021”, outages would need to be submitted prior
to February 18t, 2020).

The most restrictive deadline will be enforced. In other words, an outage exceeding 30 days in
duration starting in June would have to be submitted no later than November 30t at 2359 hours
to be considered on-time.

+ The TO is required to submit all outage requests less than or equal to 5 calendar days in
duration before the 15t of the month prior to the month of the requested start date of the
outage.

Recognizing that this may not always be possible, the following table illustrates the different
time frames in which an Outage Request can be submitted and the different Actions PJM can
take. The “PJM Actions” are defined in more detail in the Section: “Processing Transmission
Outage Requests, PJM Actions”.

Request Submitted Ticket Received PJM Actions
Status

Outage > 30 Calendar Days
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Request Submitted Ticket Received PJM Actions
Status
Before February 1 (for the “On Time” The outage will be approved, provided it
following planning cycle June does not jeopardize system reliability.

1 —May 31) OR by the 15t of
the month six months prior to
the starting month of the outage
(whichever is more restrictive)

On or after February 1 (for the | “Late” The outage may be denied if it
following planning cycle June 1 jeopardizes system reliability or causes
—May 31) OR on or after the 15t congestion requiring off-cost operations.

of the month six months prior to
the starting month of the outage
(whichever is more restrictive)

5 Calendar days < Outage <=
30 Calendar Days

Before the 15t of the month “On Time” The outage will be approved, provided it
six months prior to the starting does not jeopardize system reliability.
month of the outage

On or after the 15t of the month | “Late” The outage may be denied if it
six months prior to the starting jeopardizes system reliability or causes
month of the outage congestion requiring off-cost operations.

Outage <= 5 Calendar Days

Before the 15t of the month “On Time” The outage will be approved, provided it
prior to the starting month of does not jeopardize system reliability.
the outage

On or after the 15t of the month | “Late” The outage may be denied if it

prior to the starting month of jeopardizes system reliability or causes
the outage. congestion requiring off-cost operations.

When the Transmission Owners notify PJM using eDART of an Outage Request, the notification
includes the following information:

+ Date.
» Facility and associated elements.

» All line and transformers that will be outaged or open ended as a result of the scheduled
maintenance must be included in the outage request. For example, an outage request
for CB work that open ends a line must include the line as being out of service in the
ticket. This will ensure proper posting of all outages to the PJM OASIS and the NERC
System Date Exchange (SDX) site.

* Planned switching times.
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» Job description.

* Availability/emergency return time.

Note:

Outages can be classified by PJM as Market Sensitive if necessary. This option is used in
specific instances. Market Sensitive is any equipment or facility that reveals the future status of
a generating unit. Generally, these outages are not posted on the PJM OASIS.

4.2.2 Hotline / In Service Work Requests / Protective Relay Outages / Failures

To properly coordinate the operation of the Bulk Electric System, Transmission Owners must
notify PJM of hot-line work and protective relay outages. Several days’ notice is requested to
enhance coordination. For hotline work impacting the protection system zone of clearance or
increasing the clearing time, a ticket must be submitted at least by 8am three days prior to the
start date in order to be considered “on-time”. The notification includes the following information:

* An outage or degradation of either the primary or back-up relay protection associated
with any EHV (345 kV and above) facility.

Note:
PJM will model any delayed clearing as a result of relay outages or degradation in the TSA tool
for stability.

* An outage of any other major relay protection scheme significant to EHV operation.

* An outage of an automatic recloser protection associated with an EHV circuit or any
hotline work (reclosers in or out) on EHV facilities. PJM dispatcher is informed prior to
auto-reclosers being taken out of service. All planned outages shall be submitted via
eDART. All unplanned outages shall be communicated to PJM Dispatch and submitted
via eDART.

Note:

An eDART ticket is not required for RTU/Datalink outages. Refer to Manual 1 Section 3.2.4 for
communication requirements for Unplanned RTU outages and Section 3.8.1 for communication
requirements for Planned RTU outages.

Note:

Under normal system conditions, Transmission Owners may elect not to restore “automatic
reclosing” during multiple-day daily EHV equipment Hotline work. However, “automatic
reclosing” must be restored from June 1st — August 31st (peak loads). In addition, PJM may
request the TO to restore automatic reclosing during other projected peak load conditions,
during thunderstorms or inclement weather, or during other unusual conditions which could
adversely impact system reliability.

* In the case of Bulk Electric System facilities with no back-up relay protection, the
Transmission Owner or Generation Owner should remove the facility from service before
removing the primary relay protection when possible. If the facility cannot be removed
from service, the Transmission Owner or Generation Owner shall notify PJM Dispatch
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verbally and through eDART of the impacted facility(s) and the remote fault clearing
points. PJM Dispatch will modify the EMS Network Contingency analysis to reflect the
remote clearing.

* Inthe case of any EHV automatic recloser outages, some limitations may need to be
placed on the number of reclosers that may be outaged concurrently. Under normal
conditions, PJM does not restrict the number of automatic reclosers that are out-of-
service. However, under certain operating conditions, the number of automatic reclosers
out-of-service in that electrical area may need to be limited if an analysis indicates
potential reliability concerns. For example, if an EHV line is out-of-service, this will hold
true. In this case, the requesting Transmission Owners are informed of the situation and
asked to reschedule the work.

* Instances when relay testing or construction personnel are working in EHV substations,
other than those in conjunction with scheduled facility outages previously approved by
PJM, which may jeopardize the reliable operation of the substation.

* Transmission and Generation Owners shall notify PJM Dispatch of any protection
system failures (as soon as possible) or unavailability (as scheduled) that impact the
capability of protection relay systems on any facility on the list of Reportable facilities
if such unavailability may result in a change in remote clearing, requiring PJM to
modify PJM EMS Network Application Contingencies or switching the impacted facility
out-of-service. PJM Dispatch shall notify affected Transmission Owners, Transmission
Operators and Reliability Coordinators to ensure contingencies are modeled properly in
Security Analysis and/or transient analysis. PJM Dispatch shall log such contingency
modifications in the PJM logging system.

Note:
PJM relies on Transmission and Generation Owners to identify, assess, and notify PJM of
changes, degradations, or outages to relay systems that impact normal fault clearing.

Note:

Facilities with degraded or no relay protection will be switched out-of-service; unless by doing
so would create a load shed situation. In this case, PJM would model the remote clearing
points and operate to control any resulting contingencies using normal operating procedures
including PCLLRWSs. These actions should be completed within 30 minutes of identification of
the protection problem.

4.2.3 Energizing New Facilities

In order for PJM to properly model changes in system configuration, as much advanced
notification as possible is required when a new facility, a reconfigured facility, is scheduled

to be energized. This also includes a re-conductoring or equipment replacement that changes
the impedance or rating of a facility. Transmission Owners must notify PJM of such changes by
checking the Cut-In flag in the eDART outage ticket. This information should be submitted to
PJM as far in advance as possible to ensure inclusion in the quarterly EMS model update but at
minimum shall be consistent with the outage submittal rules. If energizing a new facility involves
multiple outages in different periods, the Cut-In flag shall only be checked for the outage that
upon completion will result in the energized facility.
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4.2.4 Protection System Coordination

Each Generation Owner shall coordinate any new protection system or protection

system change with their local Transmission Owner and PJM (email to
Regional_Compliance@PJM.com). PJM will collect the information on these changes from the
Generation Owner and post on the secure PJM Relay Subcommittee SharePoint site.

Note:

PJM relies on Transmission and Generation Owners to notify PJM of changes or degradations
to relay systems that changes normal fault clearing. PJM models such change within the PJM
EMS system by modifying PJM Security Analysis Contingencies.

4.2.5 Generator Voltage Regulator Changes

An outage of any unit generator voltage regulator, supplementary excitation control, or power
system stabilizers must be communicated to PJM though eDART as far in advance as possible.
The Generator Owner must submit these outages. (Refer to the PJM M-14D: Generator
Operational Requirements.)

4.2.6 Peak Period Outage Scheduling Guidelines

Transmission Owners should avoid scheduling any outage in excess of 5 days in duration with
a restoration time greater than 72 hours that may result in increased risk to system reliability
during peak summer and winter periods. These periods are defined as June 15 — September 15
and January 1 — February 28, respectively.

Due to the risk of having other unexpected forced outages during the peak periods, the outages
resulting in the following conditions with a restoration time greater than 72 hours will be denied:

» Actual or post-contingency thermal or voltage issues with insufficient generation for
control.

+ Constraints that are load sensitive with limited controlling actions.

» Stability issues.

+ Bottled generation.

» Localized congestion requiring significant generation reduction to control.

* Non-localized congestion requiring wide-spread generation reduction to control.
Transmission Owners shall screen for such outages prior to submittal in eDART and look to

reschedule these outages during non-peak periods. PJM may grant exception to ensure RTEP
upgrades are installed within specified timeframes or as special circumstances warrant.

4.2.7 Outage Scheduling Exceptions

+ PJM reserves the right to approve, deny, or reschedule any outage deemed necessary
to ensure system reliability on a case by case basis regardless of date of submission.

» QOutages not submitted on-time but scheduled in conjunction with existing outages will be
reviewed and approved by PJM on a case-by-case basis in order to take advantage of
expected system conditions.
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+ A “Late” outage (see Table in Section 4.2.1), regardless of duration, not expected to
impact the transmission system reliability or result in system congestion at any point
within the scheduled duration, may be approved.

4.2.8 Emergency and Forced Outages

PJM recognizes that Emergency Outages must be taken. If it is determined that the outage
may create an unreliable operating condition the outage will not be approved, but it will be
recognized by PJM that the outage will occur.

Transmission Owners report forced transmission outages of Transmission Facilities to PJM, to
directly connected Balancing Authorities and to any Other PdJM member that may be affected
as soon as the forced transmission outage occurs or as soon as it is anticipated that forced
outage will occur. The Transmission Owner also submits an eDART ticket for the outage with
all pertinent information that is available at that time and updates the ticket as new information
becomes available.

For emergency outages that require the scheduling of manpower, ordering of parts, etc. and
therefore cannot come out of service immediately the TO shall submit a ticket in eDART for the
future date in which the outage is expected to come out of service, set the Emergency flag, and
write a description in the eDART ticket explaining the emergency condition and why the outage
cannot come out of service immediately.

4.2.9 Rescheduling Outages

A planned transmission outage that is rescheduled or cancelled because of inclement weather
or at the direction or request of PJM retains its “On-Time” status (if applicable) and priority as a
planned transmission outage with the PJM approved rescheduled date.

If an outage request is rescheduled or cancelled for reasons other than inclement weather and
not at the direction of PJM, the rescheduled or cancelled and resubmitted outage is treated as
an unplanned outage request.

Note:

Transmission Owners should use reasonable efforts to assess all outages for the next two days
and submit changes to outage tickets due to last minute cancellation, revision to scheduled
return time of active outage, or other modification to PJM whenever possible by 06:00 a.m. but
by no later than 09:30 a.m. for input into the day-ahead market model.

The revised outage request may lose its priority as an “On-Time” outage as indicated by the
following below.

Revisions to “On-Time” scheduled outages lasting 5 Days or less:

» If the revised outage request will occur entirely during the originally scheduled month(s),
it will retain its “On-Time” status if applicable.

» If the revised outage request will occur during a different month(s), the revision must be
submitted by the first of the month prior to the revised month(s) in which the outage will
take place to be considered “On-Time”.

+ If the revised outage request results in the ticket duration being greater than 5 days, the

ticket’'s “On-Time” status will be re-evaluated as if submitted for the first time.

* If any piece of equipment is added to the ticket’'s outaged equipment list by the TO.
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Revisions to “On-Time” scheduled outages exceeding 5 Days in duration:

+ If the revised outage request will occur entirely during the originally scheduled month(s),
it will retain its “On-Time” status if applicable.

+ If the outage request moves to a new month which is further out into the future, the
revision must be submitted by the first of the month prior to the revised month in which
the outage will take place to be considered “On-Time”.

+ If the outage request moves to a new month which is nearer to the current date, the
revision must be submitted by the first of the month six (6) months prior to the revised
month in which the outage will take place to be considered “On-Time”.

» If the scheduled outage is more than 30 days and the revised outage request results

in the ticket crossing into a different Planning Year, the ticket’s “On-Time” status will be
re-evaluated as if submitted for the first time.

+ If the revised outage request results in the ticket duration being greater than 30 days, the
ticket’s “On-Time” status will be re-evaluated as if submitted for the first time.

+ If any piece of equipment is added to the ticket’'s outaged equipment list by the TO.

Revisions to “Late” scheduled outages will be re-evaluated by PJM as “On-Time” or “Late” as
dictated by the rules in the Section entitled “Outage Submittal Rules” (Section 4.2.1).

PJM coordinates outage rescheduling with the PJM Transmission Owners to minimize impacts
on system operations.

4.2.9.1 Direct Billing for Late Outages

In order to avoid cancellation or rescheduling of a late outage, a Transmission Owner may elect
to pay for off-cost operations associated with the outage consistent with OATT Attachment K
and OA Schedule 1 in cases where PJM can specifically identify and assign the costs to the
T.O. and after review and approval of such request by PJM.

PJM may assign to the Transmission Owner, at their consent, the generation off-cost or
reductions in demand associated with their late outage submittal related to RTEP upgrades
provided that delay of such outage would result in failure to meet the reliability based in-service
date. Should the T.O. elect not to pay for the off-cost operations, the emergency RTEP outage
will be posted as a special notice on the PJM OASIS.

In order to minimize market impact, direct billing costs outlined in this section apply only to those
outages where controlling generation or reductions in demand can be identified in advance yet
are not included in the LMP calculation. Outages resulting in overloads where the generator
costs cannot be isolated thereby resulting in congestion do not fall under this proposal. A
Transmission Owner would not be directly assigned costs associated with late outages due

to unforeseen circumstances such as but not limited to inclement weather, existing outage
extensions, permitting or zoning issues, equipment delivery delays, generation, or reductions in
demand availability.

4.2.10 Coordinating Outage Requests with Other TOs

In the event that a contemplated scheduled outage of one Transmission Owner’s facility
affects the availability of another Transmission Owner’s facility, it is the responsibility of
the Transmission Owner initiating the request to notify the affected TO or other Balancing
Authorities for their consideration before submitting the request to PJM. If agreeable to all
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