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* Periodic Review:

Section 2.2 Reserve Requirements

+ Updated note for the amount of contingency reserves that can be made up of
interruptible load from 25% to 33%
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* Modified note #3 and deleted note #5 due to the retirement of Limited DR, Extended
Summer DR and Base DR
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version
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+ Added detail to the members action section that TO dispatchers shall check the
PCLLRW application to ensure that no PCLLRW status are deficient

Attachment A Public Notification Agreements

+ Updated baseline PJM information in Public Notification statements such as the amount
of people in PJM’s footprint, miles of transmission lines, & CEO

Attachment H
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Attachment J

+ Updated email information for reporting requirements for EOP-004 & OE-417 form
submission requirements.
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Introduction

Welcome to the PUM Manual for Emergency 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 PJM 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 PJM manuals, go to the Library section on PJM.com.

About This Manual

The PJM Manual for Emergency Operations focuses on how PJM and the PJM Members
are expected to respond to emergency conditions and is the designated PJM RC, BA and TOP
Operating Plan to mitigate operating Emergencies per EOP-011. Emergency conditions include:

* Any abnormal condition requiring manual or automatic action to maintain system
frequency or to prevent loss of firm load, equipment damage, or tripping of system
elements that could adversely affect the reliability of an electric system or the safety of
persons or property.

» A fuel shortage requiring departure from normal operating procedures in order to
minimize the use of such scarce fuel.

» A condition that requires implementation of emergency procedures as defined in the
manuals.

The PJM Manual for Emergency Operations consists of six sections and twelve attachments.
These sections are listed in the table of contents beginning on page 2.

Intended Audience
The Intended Audiences for the PJM Manual for Emergency Operations are:

+ PJM dispatchers — Declare and implement emergency procedures

Revision: 78, Effective Date: BiSiiagat01/27/2021 PJM © 2021 9
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* Local Control Center (LCC) and Market Operations Centers (MOC) dispatchers —
respond to PJM dispatcher requests for emergency procedures

* PJM operations staff — Perform system studies
* Government, Regulatory, and Emergency Response personnel
* All PJM Members

* PJM neighboring or internal Transmission Operators (TOP), Balancing Authorities (BA),
and Reliability Coordinators (RC), and appropriate Regional Reliability Organizations
(RRO)

References
The references to other documents that provide background or additional detail directly related
to the PUM Manual for Emergency Operations are:

* PJM Manual for Control Center and Data Exchange Requirements (M-01)

* PJM Manual for Transmission Service Request (M-02)

*  PJM Manual for Transmission Operations (M-3)
*  PJM Manual for Pre-Scheduling Operations (M-10)
* PJM Manual for Balancing Operations (M-12)

* PJM Manual for Generator Operational Requirements (M-14D)

*  PJM Manual for Operating Agreement Accounting (M-28)
* PJM Manual for System Restoration (M-36)

Using This Manual

We believe that explaining concepts is just as important as presenting procedures. This
philosophy is reflected in the way we organize the material in this manual. We start each section
with an overview. Then, we present details, procedures or references to procedures found in
other PJM manuals. The following provides 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 brief outline of the current
revision.

» 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 this PJM Manual.
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Section 1: Overview

Welcome to the Overview section of the PJM Manual for Emergency Operations.

This section of the manual addresses PJM and the PJM Members’ responsive actions to
emergency conditions. An Emergency in the PJM RTO is defined as:

* An abnormal system condition requiring manual or automatic action to maintain system
frequency, to prevent loss of firm load, equipment damage, or tripping of system
elements that could adversely affect the reliability of an electric system or the safety
of persons or property.

» Capacity deficiency or capacity excess conditions.

» A fuel shortage requiring departure from normal operating procedures in order to
minimize the use of such scarce fuel.

* Abnormal natural events or man-made threats that would require conservative
operations to posture the system in a more reliable state.

* An abnormal event external to the PJM service territory that may require PJM action.

This manual constitutes PJM’s Emergency Operations Plan per NERC and RFC EOP standards
for mitigating operating emergencies. PJM will review this plan annually and provide notification
of such action to PJM neighboring and internal Transmission Operators (TOP), Balancing
Authorities (BA), and Reliability Coordinators (RC), and appropriate Regional Reliability
Organizations (RRO).

1.1 Policy Statements

The policy of PJM is to maintain, at all times, the integrity of the PJM RTO transmission
systems and the Eastern Interconnection, and to give maximum reasonable assistance to
adjacent systems when a disturbance that is external to the PJM RTO occurs. Power system
disturbances are most likely to occur as the result of loss of generating equipment, transmission
facilities, or as the result of unexpected load changes. These disturbances may be of, or
develop into, a magnitude sufficient to affect the reliable operation of the PJM RTO and/or

the Eastern Interconnection. These events demand timely, decisive action to prevent further
propagation of the disturbance.

Every effort is made to avoid interrupting system load. However, under certain operating
conditions, it is necessary to curtail or interrupt customer load. PJM will work to interrupt

the minimum amount of load necessary to adequately respond to the emergency. The

PJM dispatcher requests the local transmission dispatcher (or agent in the case of Load
Management / LM programs) to curtail or interrupt customer load as necessary. The PJM
dispatcher has the absolute authority to order load shed within the PJM RTO in order to
preserve system reliability in accordance with NERC Transmission Operations (TOP) standards
and the PJM Operating Agreement (Section 1.6.2, “Scope of Services” and Section 1.7.11,
“Emergencies”).

PJM Actions

In general, PJM is responsible for the following activities:

Revision: 78, Effective Date: BiSiiagat01/27/2021 PJM © 2021 11
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» Taking actions it determines are consistent with Good Utility Practice and are necessary
to maintain the operational integrity of the PJM RTO and the Eastern Interconnection.

* Declaring an Emergency exists or has ceased to exist.

* Implementing the Emergency procedures of agreements with other neighboring
Reliability Coordinators & Balancing Authorities.

* Implementing Emergency Procedures for the PJM Reliability Coordinator footprint
consistent with NERC Policies.

» Purchasing emergency energy from outside the PJM RTO, as needed, to alleviate or
end an Emergency.

+ Selling emergency energy to other Control Areas as requested during Emergency
conditions in other Control Areas.

» Directing the operations of any PUM Member as necessary to manage, alleviate, or end
an Emergency, including but not limited to:

o Load shedding while minimizing overlap with automatic load shedding,
o Increasing or decreasing generation output,

o Transmission system reconfiguration,
o

Recalling/cancelling non-critical Generation and Transmission testing or
maintenance.

+ Documenting emergency procedures in PJM’s Emergency Procedures (htips://
emergencyprocedures.pjm.com/) logging application as well as its own internal Smartlog
application. In addition, PJM’s PCLLRW tool is utilized for issuance and tracking
of PCLLRW-related events, but also logged within the Emergency Procedures and
Smartlog applications. All logging data shall be retained for a period of no less than
6 years.

» Providing information to and receiving information from PJM Members in the PJM RTO
and other control areas, as appropriate to manage, alleviate, or end an Emergency in the
PJM RTO or in another Control Area.

* Retain evidence (operator logs, voice recordings, electronic communications, etc.) of
PJM’s implementation of capacity and energy emergency actions per NERC EOP
Standards.

* Providing information to the PUM Members, as needed, in order to facilitate notification
of governmental authorities and other interested entities of Emergency conditions and
providing such notification if appropriate.

* Posting to the Reliability Coordinator Information System [RCIS] as appropriate and in
accordance with NERC standards.

* Preparing or assisting the PJM Members in preparing reports required by governmental
or industry agencies as a result of an Emergency.

» Coordinating restoration of all or parts of the bulk power system in the PJM RTO, as
necessary.

Revision: 78, Effective Date: BiSiiagat01/27/2021 PJM © 2021 12
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+ PJM shall annually review and update this manual and provide a copy to neighboring
and internal Reliability Coordinators, Transmission Operators, Balancing Authorities, and
appropriate Regional Reliability Organizations.

PJM Member Actions

PJM Members will review this manual on an annual basis in accordance with NERC, RF and
SERC standards through the Systems Operation Subcommittee.

When an Emergency is declared by PJM, the PJM Members are responsible for performing the
following activities:

+ Taking other actions, as requested or directed by PJM, to manage, alleviate, or end an
Emergency.

» Cooperating with each other and PJM to carry out the Emergency procedures and to
implement requests and instructions received from PJM for the purpose of managing,
alleviating, or ending an Emergency.

* Providing notification and other information to governmental agencies as appropriate.

» Collecting, storing, and providing data and other information to PJM, as necessary, to
facilitate preparation of reports required by governmental or industry agencies as a result
of an Emergency.

» Cooperating and coordinating with PJM and other PJM Members in the restoration of all
or parts of the bulk power system in the PJM RTO.

A PJM Generation owner controlling the output of a Capacity Resource must take or arrange for
any or all of the following actions as directed by PJM in order to manage alleviate, or end an
Emergency, or such actions as PJM may deem appropriate for these purposes:

* Reporting the operating status and resource limitations.

» Canceling, or recall of, Generator testing and maintenance.

+ Canceling GMS/EMS Database or communication link testing and maintenance.
* Reducing non-critical plant load.

* Reducing non-essential office load.

+ Directing personnel to unattended generation sites.

* Increase/Decrease generation output in alignment with PJM redispatch.
+ Starting, including black-start, and loading such generation, as directed.
* Increasing output to Maximum Emergency generation.

* Reducing output to Emergency Minimum Generation.

» Shutting down such generation.

* Interrupting sales for delivery to loads outside the PJM RTO.

» Selling energy to other control areas.

* Maintaining records of emergency actions taken and the results achieved.
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A Transmission Owner (TO) or Distribution Provider (DP) must take any or all of the following
actions as directed by PJM in order to manage alleviate, or end an Emergency, or such actions
as PJM may deem appropriate for these purposes:

Canceling, or recall of, Transmission testing and maintenance.
Transmission system reconfiguration.

Canceling EMS Database or communication link testing and maintenance.
Maintaining under frequency load shedding relays.

Providing capability for manual shedding of specified amounts of load.
Reducing energy purchases (DP only).

Reducing non-essential office load.

Implementing voltage reductions.

Requesting voluntary customer energy conservation or load curtailment.

Implementing manual load shed, looking to minimize overlap with automatic Under
Frequency Load Shedding (UFLS), and capable of being implemented in a timeframe
adequate for mitigating the Emergency.

Managing, curtailing, or interrupting load, including PJM programs such as Load
Management (LM) or other Load Reduction Programs.

Maintaining records of Emergency actions taken and the results achieved.

PJM Members taking action to manage, alleviate, or end an Emergency affecting any facilities
not designated as part of the bulk electric system (BES) in the PJM RTO must perform the
following actions:

Exerting their best efforts to avoid impairing the operational integrity of the bulk power
system in the PJM RTO.

Notifying PJM in advance of taking any such action if possible, or if not provide such
notification immediately after taking such action.
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Note:

All alerts, warnings, and actions are communicated to Transmission / Generation dispatchers
via an ALL-CALL message (and/or, direct operator to operator communication for local
events) and posted on selected PJM web-sites. Unless prior agreement is in place with PJM,
Transmission Owner dispatchers are responsible for notifying Distribution Providers (DPs),
assuring they receive the same information.

PJM Emergency Authority: Section 10.4, of the PJM Operating Agreement (OA) provides
that the Office of the Interconnection has the responsibility to “direct the operations of the
Members as necessary to manage, alleviate, or end an Emergency”. Likewise, Section 11.3.1
(e), of the (OA) states that PJM members must comply with “all directives of the Office of

the Interconnection to take any action for the purpose of managing, alleviating or ending an
Emergency”.

Synchronized Reserves: Section 1, Definitions, of the PJM Operating Agreement (OA) defines
Synchronized Reserves as “the reserve capability of generation resources that can be
converted fully into energy or Demand Resources whose demand can be reduced within ten
minutes from the request of the Office of the Interconnection dispatcher, and is provided

by equipment that is electrically synchronized to the Transmission System.” Synchronized
Reserves are supplied from 10-minute synchronized generating resources (i.e., Spinning
Reserves) and 10-minute demand-side response resources. Interruptible load resources cannot
be part of the 10 minute synchronized generating reserves component of Synchronized
Reserves.

Operating Reserves: Section 1, Definitions, of the PJM Operating Agreement (OA) defines
Operating Reserves as “the amount of generating capacity scheduled to be available for

a specified period of an Operating Day to ensure the reliable operation of the PJM

Region”. Operating Reserves are supplied from synchronized and non-synchronized generating
resources, and demand-side response resources, available within 30-minutes.

1.2 Governmental Notifications & Public Appeals Procedures

When the potential exists for a PJM bulk power emergency, PJM advises PJM participants
as far in advance as possible. This permits participants and PJM the maximum lead-time

in determining the appropriate steps to take, including governmental and public notification.
Depending on the situation, Transmission Owners and PJM may each have responsibilities
in notifying local, state or federal agencies. Generation owners may have separate reporting
obligations related to plant restrictions / operating conditions. Due to the wide variety of
conditions and the potential for the conditions to change rapidly, it is difficult to provide
precise criteria that fit all situations to trigger the issuance of an early advisory or alert to the
governmental agencies and the public. Each situation is evaluated to determine if any early
advisory/alert to governmental agencies is required, and if an early advisory/alert to the public
is appropriate. It is the ultimate responsibility of each Transmission and Generation Owner to
adjust their guidelines to respond to any escalated concerns from governmental agencies. It
is also essential that the Transmission and Generation Owners and PJM are informed of any
owners’ unilateral actions or anticipated restrictions.
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Each of the advisories, alerts, warnings, and actions described in this manual should be
considered for notification to government agencies as conditions and time permits.

When Maximum Emergency generation is added to the schedule, a severe weather condition is
issued, or a transmission system limitation affecting area supply is anticipated, PJM performs a
situation analysis and prepares a capacity/load/reserve projection for the appropriate area and
future time periods, including the effect of possible imports due to the supply situation of various
neighbors. The analysis indicates expected emergency conditions.

Note:

Public / Media Notification Messages are contained in Attachment A. Depending on the severity
of projected system conditions, these messages may be modified and issued in advance to
ensure sufficient notification is provided to the public. Public / Media Notification Messages W1,
W2 and W3 may need to be issued the night before due to load realized during a cold morning
pick-up.

Government agencies, and other interested parties, can sign up for notifications around PJM
Emergency Procedures through the use of PJM tools. Further information can be found here:
http://www.pjm.com/markets-and-operations/etools/emerg-procedure.aspx

1.3 Communications

Effective communications are critical to ensure reliability during emergency operations. PJM
conducts regular conference calls with System Operations Subcommittee representatives (TOs)
as well as neighboring RCs Bas and TOPs during emergency operations. Attachment B defines
Teleconference Protocol Guidelines.

Electronic communications and data quality are also critical. Interruptions to electronic
communications can result in inaccurate analysis, inefficient dispatch and potential unreliable
operations. Effective operator-to-operator or operator-to-support staff communications are
essential to ensure reliable operations and quickly restore data communications.
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Section 2: Capacity Emergencies

Welcome to the Capacity Emergencies section of the PJM Manual for Emergency
Operations. In this section, you will find the following information:

* A general description of the system alert and emergency actions (see “Overview”).

» A general overview of Reserve Requirements by Control Zone (see “Reserve
Requirements”).

*+  How PJM and the PJM Members respond to capacity shortage situations (see “Capacity
Shortages”).

*+  How PJM and the PJM Members respond to capacity excess situations (see “Light Load
Procedures”).

2.1 Overview

PJM is responsible for determining and declaring that an Emergency is expected to exist,
exists, or has ceased to exist in any part of the PJM RTO or in any other Control Area that is
interconnected directly or indirectly with the PJM RTO. PJM directs the operations of the PJM
Members as necessary to manage, allocate, or alleviate an emergency.

*  PJM RTO Reserve Deficiencies — If PJM determines that PJM-scheduled resources
available for an Operating Day in combination with Capacity Resources operating on a
self-scheduled basis are not sufficient to maintain appropriate reserve levels for the PJM
RTO, PJM performs the following actions:

* Recalls energy from Capacity Resources that otherwise deliver to loads outside the
Control Area and dispatches that energy to serve load in the Control Area.

» Purchases capacity or energy from resources outside the Control Area. PJM uses its
best efforts to purchase capacity or energy at the lowest prices available at the time such
capacity or energy is needed. The price of any such capacity or energy is eligible to
determine Locational Marginal Prices in the PJM Energy Market. The cost of capacity
or energy is allocated among the Market Buyers as described in the PJM Manual for
Operating Agreement Accounting (M-28).

» Light Load Procedures — If PJM determines that the forecasted load in the PJM
RTO falls below a margin of 2,500 megawatts above the sum of the output of the self-
scheduled resources and the total Normal Minimum Generation of all PJM-scheduled
resources, PJM implements the alert and possibly Minimum Generation Emergency
procedures as described later in this section. To the extent it deems appropriate in order
to avoid or reduce the cost of a Minimum Generation Emergency, PJM sells energy to
other Control Areas. Any costs or revenues resulting from such sales are allocated as
described in the PJM Manual for Operating Agreement Accounting (M-28).

If PdJM is requested to purchase energy from another Control Area in order to alleviate an actual
or threatened Minimum Generation Emergency in the other control area, PJM may purchase
energy if PJM determines that the purchases can be made without adversely affecting the safe
or reliable operation of generators within the PJM RTO and without unduly increasing the cost
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of energy of the PJM Members. Any energy purchased and associated costs or revenues are
allocated as described in the PJM Manual for Operating Agreement Accounting (M-28).

Note:

Emergency power purchases by PJM to assist in alleviating external Minimum Emergency
Conditions should be accepted at a quote below the PJM system cost (unconstrained
conditions) or interface locational marginal price.

2.2 Reserve Requirements

PJM schedules reserves on a day-ahead basis in order to ensure that differences in forecasted
loads and forced generator outages does not negatively impact the reliable operation of the
PJM Transmission System. PJM operates in real-time to ensure Contingency/Primary (10
minute) and Synchronized/Spinning reserve requirements are always maintained. Day Ahead
Scheduling Reserves (Operating), Contingency (Primary) and Synchronized/Spinning Reserve
Requirements are as follows:

Area Ancillary Day-ahead Contingency Synchronized
Service Market Scheduling . Reserve
(Primary)
Area :
(Operating)

RTO RTO Annual % 150% Largest Single Largest Single

Contingency Contingency

Mid-Atlantic & N/A 150% of the Largest Largest Single

Dominion Single Contingency1 Contingency'
SERC Dominion VACAR ARS% VACAR ARS% VACAR ARS%

As system conditions dictate, PJM Dispatch will load Synchronized and Primary Reserves.
Members are expected to take actions as indicated in PJM’s Balancing Operations Manual
(M-12): Section 4.1.2 “Loading Reserves”.

* PJM periodically evaluates the Synchronized and Primary reserve estimates in real time
via the Instantaneous Reserve Check (IRC) process documented in PJM Balancing
Operations Manual (M-12): Section 4.1.1 “Monitoring Reserves”.

The Day-ahead Scheduling Reserves for RFC are calculated on an annual basis.
This calculation considers variables that adversely impact system reliability, specifically,
Underforecasted Load Forecast Error (LFE) and Generator Forced Outage Rates (FOR).

Day ahead Scheduling Reserve = Underforecasted LFE + FOR
Load Forecast Error Component

1 PJM calculates and utilizes deliverable reserves from resources within the RTO that are outside of Mid-Atlantic &
Dominion areas to satisfy the Primary and Synchronized Reserve Requirements in the MA and Dom area. Refer to M-11
Section 4 for additional details.
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The LFE component is based on a 3 year average of Underforecasted LFE. PJM focuses

on only Underforecasted Load Forecast errors because underforecasted loads can result in a
capacity deficiency. PUM computes the Underforecasted LFE based on the 80t percentile of a
rolling three year underforecast average.

Effective January 1, 2021 the Underforecasted LFE component of the Day-ahead Scheduling
Reserve is 2.16%.

Forced Outage Rate Component

The FOR component is based on a rolling three year average of forced outages that occur from
18:00 the scheduling day (day — 1) through the operating day at 20:00. This duration covers
the timeframe after the Reserve Adequacy Run through the evening peak period for which

the system is scheduled. Forced outages that occur prior to 18:00 of the scheduling day are
accounted for in the commitment plan. PJM Dispatch still has the ability to schedule additional
reserves if a Hot Weather / Cold Weather Alert is issued since FOR are typically higher during
such timeframes.

Effective January 1, 2021 the FOR component of the Day-ahead Scheduling Reserve is 2.59%.
Day-ahead Scheduling Reserve Requirement (Operating Reserve)

PJM Performance Staff performs Day-ahead Scheduling Reserve Requirement calculations
every year during the month of November. The calculations cover the 3 year window from
November 1t (year — 3) through October 318t (current year). The results are communicated
to the Market Implementation Committee, Operating Committee and System Operations
Subcommittees. The revised reserve calculations are implemented annually on January 15,

Effective January 1, 2021 the Day-ahead Scheduling Reserve for RFC and EKPC regions of
PJM is 4.74% times Peak Load Forecast for RFC plus EKPC.

Dominion Day-ahead Scheduling Reserve is based on their share of the VACAR Reserve
Sharing agreement and is set annually.

The RFC, EKPC and Dominion Day-ahead Scheduling Reserve Requirements are added
together to form a RTO Day-ahead Scheduling Reserve Requirement.
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Note:

PJM must schedule sufficient Regulating Reserves to satisfy control standards. Regulating
Reserves shall be made up of not less than 75% Spinning Reserves, and resources allocated to
regulating reserves shall not be included as part of Contingency Reserves.

PJM schedules sufficient Contingency Reserves to satisfy the Reliability_First (RF) Regional
Criteria. Contingency Reserves shall not be less than the largest contingency. Contingency
Reserves must be made up of at least 50% Spinning Reserves. No more than 26%-33% of
Contingency Reserves should be interruptible load. (NERC Standardhtip://www.nerc.com/files/

BAL-002-1.pdf BAL-002-3 ) B E00 R C e O C e D00 25025

The Regulation Requirement for the PUM RTO is defined in section 4, Providing Ancillary
Services, of PdIM M-12, Balancing Operations.

RF and VACAR Contingency and Synchronized Reserve requirements are reviewed and set on
an annual basis.

https://www.serc1.org/program-areas/standards-regional-criteria/regional-criteria-and-
quidelinesDominion-VP load is subject to the SERC requirements

based on the VACAR Reserve Sharing Agreement which is set annually. For

non-Dominion-VP load in the Dominion Control Zone, SERC reserve requirements (non-reserve
sharing group) are applicable to the Balancing Authority (PJM). There are sufficient reserves

in the RTO to surpass these SERC requirements through the existing reserve methodology.

PJM schedules Day-ahead Scheduling reserves on a day-ahead basis as a single market in the
RTO. Primary and Synchronized Reserves are maintained in real-time based on the locational
requirements identified above, recognizing transmission constraints while scheduling sufficient
localized reserves on a control zone basis to satisfy reserve sharing agreements. The cost of
capacity or energy is allocated among the Market Buyers as described in the PJM Manual for
Operating Agreement Accounting (M-28).

PJM identifies its Largest Single Contingency by surveying the greatest MW loss due to a

single contingency. PJM monitors and reviews both generation and transmission element losses
based on system model configurations to identify contingencies. PJM updates these models
appropriately for scheduled outages that can change the monitored contingency.

In the event PJM forecasts a credible natural gas pipeline contingency(s), as described in
Section 3.9 of this manual, the hourly Day-ahead Scheduling Reserve requirement is calculated
as the greater of:

+ The Day-Ahead Scheduling Reserve Requirement, as defined above, plus any increase
to the Day-Ahead Scheduling Reserve Requirement to address operational uncertainty
or any increase to the Day-Ahead Scheduling Reserve Requirement due Hot or Cold
Weather Alert or escalating emergency procedures, as described in PJM Manual 11:
Energy & Ancillary Services Market Operations, Section 11.2.1,

OR

* The sum of the Economic Max of Resources defined as part of the largest credible
natural gas pipeline contingency
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PJM commits generation real-time on an economic basis, considering resource characteristics
(start-up, min run, starts per day) and anticipated system changes (load curve, interchange,
must-run generation) while honoring system constraints.

PJM issues capacity emergencies across the entire PJM RTO except for PJM Load Dump
Warnings/Actions, which are solely issued on a Control Zone basis. However, transmission
constraints may force Emergency Procedure warnings/actions to be issued on a Control Zone
or a subset of a Control Zone. For example, if known transmission constraints would prohibit
delivery of Maximum Emergency generation capacity from one Control Zone to another, a
Maximum Generation Alert would not be issued for the Control Zone with undeliverable energy.

2.3 Capacity Shortages

PJM is responsible for declaring the existence of an Emergency, and for directing the operations
of the PJM Members as necessary to manage, alleviate, or end an Emergency. PJM also is
responsible for transferring energy on the PJM Members’ behalf to resolve an Emergency. PJM
is also responsible for executing agreements with other Control Areas interconnected with the
PJM RTO for the mutual provision of service to meet an Emergency. In addition, in accordance
with EOP-011 RS, if PJM receives an Emergency notification from a Transmission Operator
within the RTO, PJM will notify within 30-minutes other Transmission Operators within the RTO
and neighboring Reliability Coordinators via All-Call and RCIS postings.

Exhibit 1 illustrates that there are three general levels of emergency actions for capacity
shortages, as well as an Advisory level.

Emergency Procedure level types are identified below:

* Advisory - issued one or more days in advance of the operating day. General in nature
and for elevated awareness only. No preparations required. [Advisory is not a capacity
shortage type at this time, and is used in Light Load Procedures.]

+ Alerts — issued one or more days in advance of the operating day for elevated
awareness and to give time for advanced preparations.

+ Warnings — issued real-time, typically preceding, and with an estimated time/window for
a potential future Action

+ Actions — issued real-time and requires PJM and/or Member response
o PJM actions are consistent with NERC EOP standards.
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A | Unit Starup Notification Alert
Maximum Generation
Alerts Emergency/ Load
Management Alert
¥
| Primary Reserve Alert |
x | Voltage Reduction Alert |

Primary Reserve Warning ‘

¥

Voltage Reduction Warning &
Reduction of Men-Critical Plant

Warnings ‘

¥
Manual Load Dump Warning |

v

Pre-Emergency Load
Management R eductions

L]

Emergency Load
Management R eductions

¥

Maximum Generation
E mergency

I

Emergency Voluntary
Energy Onfy Demand
Response Redudions

¥

‘ D eploy All Resources Action ‘

¥

Curtailment of Mon-Essential
Building Load &
Voltage Reduction

¥

v ‘ Manual Load Dump ‘

Actions

Exhibit 1: Emergency Levels

Exiting emergency procedures are achieved in a controlled, deliberate manner so as to not
adversely affect system reliability, while minimizing the impact of these emergency actions
on the DPs customers. PJM members are expected to implement all emergency procedures
immediately to achieve the desired relief within 30 minutes unless otherwise directed. PJM
dispatchers have the flexibility of implementing the emergency procedures in whatever order
is required to ensure overall system reliability. PJM dispatchers have the flexibility to exit

the emergency procedures in a different order than they are implemented when conditions
necessitate.

PJM strives to meet customer energy demands either through the use of available generating
resources, power purchases from PJM Members, or through the use of planned load
management programs. If customer demand cannot be met, Emergency actions, such as
voltage reductions, and as a last resort, manual load shedding that minimizes overlap with
automatic load shedding, are used.

During unconstrained operations, PJM Control Zones will jointly implement Emergency
Procedures up to the point of a Manual Load Dump Action. Prior to the implementation of a
Manual Load Dump Action, PJM Dispatch will review each PJM Control Zone energy / reserves
calculation to determine their relative level of capacity deficiency (reserves evaluated via PJM
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EMS system). If all PJM Control Zones are capacity deficient, Manual Load Dump Actions will
be implemented proportionally, based on the level of shortage, otherwise only the deficient
Control Zones will be required to shed load.

Transmission constraints may result in PJM Dispatch implementing emergency procedures,
including load shed, on a Control Zone specific basis or a subset of a Control Zone.

Note:

Unless otherwise noted, all capacity related Alerts / Warnings / Actions are to be communicated
via ALL-CALL to local Transmission / Generation owners/ Curtailment Service Providers.
Regardless of communication methodology, Emergency Procedures are posted to selected PJM
web-sites.

Unit Startup Notification Alert

The purpose of the Unit Startup Notification Alert is to alert members to place units in state of
readiness so they can be brought online within 48 hours for an anticipated shortage of operating
capacity, stability issues or constrained operations for future periods. It is implemented when

a reliability assessment determines that long lead time generation is needed for future periods
and can be issued for the RTO, specific Control Zone(s) or individual unit basis. The Unit
Startup Notification Alert is issued so that units can be ready to come online in 48 hours or less,
based on the lesser of submitted notification time + startup time or 6 days. After reaching the
state of readiness, if a unit fails to come online within 48 hours when called by PJM, the unit will
be considered as forced outage until it can be online or PJM cancels the unit.

PJM Actions
+ PJM Dispatch notifies PJM management and members.

+ PJM Dispatch issues the Alert to members, stating the Alert period(s) and the affected
areas. An Alert can be issued for the RTO, specific Control Zone(s) or individual unit
basis on the projected location of transmission constraints and should be issued as soon
as practicable (typically 6 days or less) prior to the anticipated need for long lead time
generation to come online.

Note:
If the Alert is issued for the RTO or a control zone, it will be issued via the ALL-CALL system.
Otherwise individual unit owners will be called.

+ PJM will schedule an amount of long lead time generation anticipated to be needed for
the operating day(s) in economic order respecting unit operating parameters. Once a
generator is scheduled its offer price is locked for the operating day.

+ PJM Dispatch will evaluate system conditions daily to determine whether to release units
from the Alert, to keep the units in the state of readiness or to call the units online.

+ PJM Dispatch cancels the Alert, when appropriate.

PJM Member Actions

+ Transmission / Generation dispatchers notify management of the Alert.
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+ Transmission / Generation dispatchers advise all stations and key personnel.

* Generation dispatchers orders unit(s) to be in the state of readiness (i.e. able to be
online within 48 hours) in the lesser of (submitted notification time + startup time or 6
days) minus 48 hours.

* Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway and update PJM Dispatch as appropriate.

t=-6 days Unit t=-2 days Unit isin the
Startup “state of readiness” and t=0 Earliest unit is
Motification Alert t=-4 may be called to come expected to be online if
Issued days online < 48 hours called on
t=-5 t=3 t=-24
days days hours

2.3.1 Advanced Notice Emergency Procedures: Alerts

The intent of the alert(s) is to keep all affected system personnel aware of the forecasted

and/or actual status of the PJM RTO. All alerts and cancellation thereof are broadcast on the
ALL-CALL system and posted to selected PJM web-sites to assure that all members receive the
same information.

Alerts are issued in advance of a scheduled load period to allow sufficient time for members to
prepare for anticipated initial capacity shortages.

Maximum Generation Emergency / Load Management Alert

The purpose of the Maximum Generation Emergency/ Load Management Alert is to provide an
early alert that system conditions may require the use of the PJM emergency procedures. It is
implemented when Maximum Emergency generation is called into the operating capacity or if
Demand Response is projected to be implemented.

PJM Actions
+ PJM Dispatch notifies PJM management.

+ PJM dispatchers perform a situation analysis and prepare capacity/load/ interchange/
reserve projections for that day and appropriate future operating periods considering
potential bottled generation based on location of transmission constraints.

+ PJM Dispatch issues an alert to members, stating the amount of estimated operating
reserve capacity and the requirement. Alert can be issued for entire PJM RTO or for
specific Control Zones and should be issued 1 or more days prior to the operating day.

+ PJM Dispatch reports significant changes in the estimated operating reserve capacity.

+ PJM Dispatch issues a NERC Energy Emergency Alert Level 1 (EEA1 = ALERT LEVEL
1/ THREAT LEVEL = ELEVATED / THREAT COLOR = YELLOW) via the Reliability
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Coordinator Information System (RCIS) to ensure all Reliability Authorities clearly
understand potential and actual PJM system energy emergencies. EEA1 signals that
PJM foresees or is experiencing conditions where all available resources are scheduled
to meet firm load, firm transactions, and reserve commitments, and is concerned about
sustaining its required Contingency Reserves.

PJM Dispatch reviews the level of dependency on External Transactions to serve

PJM load and contacts PJM support staff if the need to implement Capacity Benefit
Margin (CBM) is required (refer to PJM Manual for Transmission Service Request,
(M-02), Section 2 for additional details regarding Capacity Benefit Margin). PJM Dispatch
shall log occurrences where CBM is implemented base on the results of support staff
analysis. PJM shall notify external systems via RCIS and PJM members via the PJM
website and issue appropriate NERC alert levels consistent with NERC EOP-011,
Attachment 1.

PJM Dispatch cancels the Alert, when appropriate.

PJM Member Actions

Transmission / Generation dispatchers notify management of the alert.
Transmission / Generation dispatchers advise all stations and key personnel.

Transmission / Generation dispatchers review plans to determine if any maintenance
or testing, scheduled or being performed, on any monitoring, control, transmission, or
generating equipment can be deferred or cancelled.

Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

Transmission / Generation dispatchers suspend any high risk testing of generating or
transmission equipment.

Generation dispatchers will update the “early return time” for any Planned generator
outages as indicated in PJM’s Manual for Pre-Scheduling Operations (M-10), Section
2.2.

Primary Reserve Alert

The purpose of the Primary Reserve Alert is to alert members of the anticipated shortage
of operating reserve capacity for a future critical period. It is implemented when estimated
operating reserve capacity is less than the forecasted primary reserve requirement.

PJM Actions

PJM Dispatch notifies PJM management and members.

PJM Dispatch issues alert to members, stating the amount of estimated operating
reserve capacity and the requirement. An Alert can be issued for the entire PJM RTO or
for specific Control Zone(s) based on the projected location of transmission constraints
and should be issued 1 or more days prior to the operating day.

PJM Dispatch reports significant changes in the estimated operating reserve capacity.

PJM Dispatch cancels the Alert, when appropriate.
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PJM Member Actions
* Transmission / Generation dispatchers notify management of the alert.
+ Transmission / Generation dispatchers advise all stations and key personnel.

+ Transmission / Generation dispatchers review plans to determine if any maintenance
or testing, scheduled or being performed, on any generating equipment or critical
monitoring, control, or bulk power transmission facility can be deferred or cancelled.

* Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

* Generation Dispatchers are to inform PJM of any environmentally restricted units and
may consider the need to obtain a temporary variance from environmental regulators
for specific generators in accordance with Attachment M to assist in preventing load
shed. PJM is not responsible for obtaining a temporary variance from environmental
regulations but will assist the member company if requested.

Voltage Reduction Alert

The purpose of the Voltage Reduction Alert is to alert members that a voltage reduction may be
required during a future critical period. It is implemented when the estimated operating reserve

capacity is less than the forecasted synchronized reserve requirement. A summary table below
lists the estimated times to implement and approximate load relief.

PJM Actions
+ PJM Dispatch notifies PJM management.

+ PJM Dispatch issues an alert to members, stating the amount of estimated operating
reserve capacity and the requirement. An Alert can be issued for the entire PJM RTO or
for specific Control Zone(s) based on the projected location of transmission constraints
and should be issued 1 or more days prior to the operating day.

+ PJM Dispatch advises members that a possibility exists that a Voltage Reduction Action
will be issued and the estimated hour of implementation.

+ PJM dispatcher cancels the Alert, when appropriate.

PJM Member Actions
* Transmission / Generation dispatchers notify management of the alert.
+ Transmission / Generation dispatchers advise all stations and key personnel.

« Transmission dispatchers / DPs proceed on the basis that a Voltage Reduction Warning
will be issued during this future period and take steps that could expedite implementation
of a Voltage Reduction Action, should one become necessary.

+ SOS members / PJM Management consider issuing the appropriate system-wide or
Control Zone-specific Public/Media Notification Message See Attachment A.

* PJM marketers remain on heightened awareness regarding PJM system conditions and
the potential need for Emergency Energy Purchases.
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Note:

Substations without SCADA control will be expected to be staffed in order to implement a
Voltage Reduction Action if needed.

Voltage Reduction Summary Table:

PJM MID-
ATLANTIC
TIME Voltage | Load Est. Est. Load | SCAD | COMMENTS
(m) Reductio | Reduc| PEAK | Reductio A
n % tion % | LOAD n
PPL 2 5% 2% 7,193 107.90 Y
PSEG 5 5% 1% 9,904 100 Y
DPL 5 5% 2% 3,991 79.82 Y
ACE 5 5% 2% 2,750 55.00 Y
PECO 2 5% 1% 8,547 85.47 Y
RECO 5 5% 2% 407 8.14 Y
UGl 2 5% 1% 188 1.88 Y Implemented at the
Mountain station.
PEPCO 5 5% 2% 6,563 131.26 Y
BGE 2 5% 3% 6,945 173.63 Initially distribution
voltages are lowered
automatically.
Additional
adjustments are
made to push voltage
change up the
transmission system
through manual tap
changes through
SCADA. These
additional operation
steps take up to 15
min.
FE East 10 5% 1% 5,968 59.68 Y The Distribution
-JCPL Operator implements
5% voltages
reduction via SCADA
to distribution
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transformers with
automatic ULTC.
There are 17 control
points in EMS and
each control point
sends the reduction
signal to multiple
stations.

FE East
- MAIT
(PENLC
ZONE)

10

5%

1%

2,890

28.90

The Distribution
Operator implements
a 5% voltage
reduction by
operating individual
ULTC from SCADA.
out

FE East
- MAIT
(METED
ZONE)

10

5%

1%

2,940

29.40

The TSO implements
a 5% voltage
reduction on the 69
kV sub-transmission
system by operating
individual ULTC from
SCADA and the
Distribution Operator
implements a 5%
voltage reduction via
SCADA to distribution
transformers with
automatic ULTC. The
Distribution Operator
has 14 control points
in EMS and each
control point sends
the reduction signal
to multiple stations.

TOTAL

1.65%

58,472

962.87

[

PJM SOUTH AND WEST REGIONS

TIM
E(m)

Voltage
Reductio
n %

Load
Reductio
n %

Est.
PEAK
LOAD

Est. Load
Reductio
n

SCAD

COMMENTS

buQu

60

5.0%

2%

2,893

57.86

DOM

2

5%

2%

19,631

292.97

3% Voltage
Reduction with a 1%
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Est. Load Reduction
in the Winter. In

the summer could
reach a 5% Voltage
Reduction with a
1.5%-2% Est. Load
Reduction.

AEP

N/A

N/A

N/A

23,006

N/A

AEP does not have
a Voltage Reduction
Program

FE
South

10

5%

1.7%

8,817

149.89

FE South's voltage
reduction program
implements a 5%
voltage reduction,

in accordance with
PJM procedures. The
SCADA implemented
program is capable
of a 2.5% voltage
reduction, however
this would not be
used during the PJM
Voltage Reduction
Action.

COMED

30

2.5%5%

3%

22,001

682.03

COMED can achieve
1.3% Load reduction
in 15 minutes,

then another 1.8%

in the next 15
minutes. 2.5%
voltage reduction
inside Chicago. 5%
voltage reduction
outside Chicago.

DAYTO

10

5%

1.00%

3,403

34.03

20 Sub-Stations

can be manually
controlled with a 5%
Voltage Reduction
with a 1% Est. Load
Reduction. DAYTON
will required 2 hour
minimum notification
to man stations.

Revision: [ili78, Effective Date: 01/27/2021

PJM © 2021

29



PJM Manual 13: Emergency Operations
Section 2: Capacity Emergencies

FE West | N/A N/A N/A 12,921 N/A N FE West does not

- ATSI have a voltage
reduction program.

DEOK | N/A N/A N/A 5,436 N/A N DEOK does not have
a voltage reduction
program.

EKPC N/A N/A N/A 1,924 N/A N EKPC does not have
a voltage reduction
program.

GridFor | N/A N/A N/A 39 N/A N GridForce/RMU does
ce/RMU not have a voltage

reduction program.

TOTAL 1.2% 99,971 1,216.78

2.3.2 Real-Time Emergency Procedures (Warnings and Actions)

All warning and actions are issued in real-time. Warnings are issued during present operations
to inform members of actual capacity shortages or contingencies that may jeopardize the
reliable operation of the PJM RTO. Disturbance control actions per NERC standard BAL-002
are described in PUM Manual 12, “Balancing Operations” (M-12), Section 4, “Providing Ancillary
Services”. Generally, a warning precedes an associated action. The intent of warnings is to
keep all affected system personnel aware of the forecast and/or actual status of the PJM RTO.

Note:
All Warnings and Actions listed in Steps 1 to 10 below will trigger a capacity Performance
Assessment Internal (PAI) as detailed in PUJM Manual 18, PJM Capacity Market.

The PJM RTO is normally loaded according to bid prices; however, during periods of reserve
deficiencies, other measures must be taken to maintain system reliability. These measures
involve:

* loading generation that is restricted for reasons other than cost

* recalling non-capacity backed off-system sales

* purchasing emergency energy from participants / surrounding pools

* load relief measures
Due to system conditions and the time required to obtain results, PJM dispatchers may find it
necessary to vary the order of application to achieve the best overall system reliability. Issuance
and cancellation of emergency procedures are broadcast over the ALL-CALL and posted to
selected PJM web-sites. Only affected systems take action. PJM dispatchers broadcast the

current and projected PJM RTO status periodically using the ALL-CALL during the extent of
the implementation of the emergency procedures. Upon receipt of the ALL-CALL, impacted
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members are expected to begin implementing the PJM Member Actions listed as soon as
possible/indicated to help ensure the emergency conditions are mitigated.

Note:

The Real-Time Emergency Procedures section combines Warnings and Actions in their
most probable sequence based on notification requirements during extreme peak conditions.
Depending on the severity of the capacity deficiency, it is unlikely that some Steps would be
implemented.

Actions taken prior to entering into capacity related Emergency Procedures:

1. Review weather projections, load forecasts, reserve projections and generation
performance.

Ensure LMPs are reflective of system conditions

Curtail all non-Firm exports and issue an EEA1, as required by EOP-011 Attachment 1,
via the RCIS and Emergency Procedures webpage.

4. Dispatch may elect to implement an interchange cap to stabilize the amount of
interchange during peak hours to protect against volatility.

Step 1:

Pre-Emergency Load Management Reduction Action (30, 60 or 120-minute)

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAl) as
detailed in PUM Manual 18, PUM Capacity Market.

Applicability: Any site registered in the PJM Demand Response program as a demand resource
(a.k.a. DR) type that needs 30, 60 or 120 minute lead time to make its reductions. These
reductions are mandatory when dispatched during the product availability window.

Note:
The minimum dispatch duration is 1 hour.

PJM Actions

+ PJM Dispatch notifies PJM management, PJM public information personnel, and
members. PJM dispatcher advises members to consider the use of public appeals to
conserve electricity usage. PJM dispatcher notifies other Control Areas through the
RCIS.

+ PJM Dispatch, via the DR Hub System and Emergency Procedures website, will post
detailed instructions to the Curtailment Service Providers (CSP) to dispatch 30, 60
and/or 120 minute Pre-Emergency Load Management Reductions. An Action can be
issued for the entire PJM RTO, specific Transmission Zone(s) or a Transmission Sub-
zone(s) if transmission limitations exist. PJM dispatcher will also issue an ALL-CALL
informing the Members and CSPs to check the DR Hub and Emergency Procedures
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postings for the detailed information pertaining to the Pre-Emergency Load Management
that has been called.

+ PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

* Member Curtailment Service Providers implement load management reductions as
requested by PJM dispatchers.

Step 2:
Emergency Load Management Reduction Action (30, 60 or 120-minute)

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUM Manual 18, PJM Capacity Market.

Applicability: Any site registered in the PJM Demand Response program as a demand resource
(a.k.a. DR) type that needs 30, 60 or 120 minute lead time to make its reductions. These
reductions are mandatory when dispatched during the product availability window.

Note:
The minimum dispatch duration is 1 hour.

The purpose of the Load Management Reduction is to provide additional load relief by using
PJM controllable load management programs. Load relief is expected to be required after
initiating Maximum Emergency generation.

PJM Actions

+ PJM Dispatch notifies PJM management, PJM public information personnel, and
members. PJM Dispatch advises members to consider the use of public appeals to
conserve electricity usage. PJM Dispatch notifies other Control Areas through the RCIS.

* PJM Dispatch, via DR Hub System and Emergency Procedures website, will post
detailed instructions to the Curtailment Service Providers (CSP) to implement dispatch
30, 60 and/or 120 minute Emergency Load Management Reductions (Long Lead Time).
An Action can be issued for the entire PUM RTO, specific Transmission Zone(s) or a
subset of a Transmission Sub-zone(s) if transmission limitations exist. PJM Dispatch
will also issue an ALL-CALL informing the Members and CSPs to check the DR
Hub and Emergency Procedures postings for the detailed information pertaining to the
Emergency Load Management that has been called.

+ PJM Dispatch issues a NERC Energy Emergency Alert Level 2 (EEA2 = ALERT LEVEL
2) via the RCIS to ensure all Reliability Authorities clearly understand potential and
actual PJM system emergencies if one has not already been issued concurrent with
the issuance of Emergency Load Management Reductions. NERC EEAZ2 is issued
when the following has occurred: Public appeals to reduce demand, voltage reduction,
and interruption of non-firm load in accordance with applicable contracts, demand side
management, or utility load conservation measures.
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* PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

* Member Curtailment Service Providers implement load management reductions as
requested by PJM dispatchers.

* Member dispatchers notify management of the emergency procedure and that they
should consider the use of public appeals to conserve electricity usage.

* Member dispatchers notify governmental agencies, as applicable.
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Note:

1, Load management programs, whether under PJM control and directed by PJM Dispatch

or solely under the Local Control Center’s direction, have various names including, but not
limited to Active Load Management, interruptibles, curtailables, or load management. To simplify
operations during these emergency situations, all PJM issued reductions are referred to as
Pre-Emergency or Emergency Load Management Reductions.

Note 2: PJM RTO Load Management Reductions are not to be used to provide assistance

to adjacent Control Areas beyond PJM. Restoration of Load Management Reductions is
undertaken in a stepped approach, as necessary. PJM Control Zones implement Emergency
Procedures concurrently until a Manual Load Dump Action, which will only occur in the deficient
Control Area.

Note 3: Pre-Emergency and Emergency Load Management Reductions are available for
Limited Extended-Summerand-AnndalDemand Resources as defined in the Reliability
Assurance Agreement (RAA).

Note 4, EEA Levels: PJM dispatcher issue a NERC Energy Emergency Alert Level 2 (EEA2
= ALERT LEVEL 2) via the Reliability Coordinator Information System (RCIS) to ensure all
Reliability Authorities clearly understand potential and actual PJM system emergencies if one
has not already been issued concurrent with the issuance of Emergency Load Management
Reductions. A NERC EEA2 may be issued when the following has occurred: Public appeals to
reduce demand, voltage reduction, interruption of non-firm load in accordance with applicable
contracts, demand side management/active load management, or utility load conservation
measures.

Note 65, Capacity Benefit Margin (CBM): Under NERC Energy Emergency Alert Level 2, the
PJM dispatcher may request import energy over firm transfer capability set aside as CBM. If so,
dispatch will waive any real-time operating timing and ramp requirements and document such
actions in compliance with MOD-004-1.

Step 3 (Real-time):
Primary Reserve Warning
Note:

Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUJM Manual 18, PJM Capacity Market.
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The purpose of the Primary Reserve Warning is to warn members that the available primary
reserve is less than required and present operations are becoming critical. It is implemented
when available primary reserve capacity is less than the primary reserve requirement, but
greater than the synchronized reserve requirement.

PJM Actions

PJM Dispatch issues a warning to members and PJM management stating the amount
of adjusted primary reserve capacity and the requirement. A Warning can be issued for
the entire PJM RTO or for specific Control Zone(s) based on the projected location of
transmission constraints.

PJM Dispatch notifies PJM public information personnel.

PJM Dispatch rechecks with members to assure that all available equipment is
scheduled and that requested secondary reserve is brought to primary reserve status.

PJM Dispatch ensures that all deferrable maintenance or testing on the control and
communications systems has halted at PJM Control Center. PJM dispatcher should
provide as much advance notification as possible to ensure maintenance/testing does
not impact operations. This notification may occur prior to declaration of Primary
Reserve Warning.

PJM Dispatch cancels the Warning, when appropriate.

PJM Member Actions

Transmission / Generation dispatchers notify management of the warning.
Transmission / Generation dispatchers advise all stations and key personnel.
Generation dispatchers prepare to load all available primary reserve, if requested.

Transmission / Generation dispatchers ensure that all deferrable maintenance or
testing affecting capacity or critical transmission is halted. Any monitoring or control
maintenance work that may impact operation of the system is halted.

Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

Generation Dispatchers are to inform PJM of any environmentally restricted units and
may consider the need to obtain a temporary variance from environmental regulators
for specific generators in accordance with Attachment M to assist in preventing load
shed. PJM is not responsible for obtaining a temporary variance form environmental
regulations but will assist the member company if requested.

PJM marketers remain on heightened awareness regarding PJM system conditions and
the potential need for Emergency Energy Purchases.

Step 4 A (Real-time):

Maximum Generation Emergency Action
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Note:

Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUJM Manual 18, PJM Capacity Market.

The purpose of the Maximum Generation Emergency Action is to increase the PJM RTO
generation above the maximum economic level. It is implemented whenever generation is
needed that is greater than the highest incremental cost level.

Note:

Maximum Emergency Generation can only be included in the daily operating capacity when
requested by PJM Dispatch.

PJM Actions

PJM Dispatch issues a Maximum Generation Emergency Action. An Action can be
issued for the entire PJM RTO, specific Control Zone(s) or a subset of a Control Zone if
transmission limitations exist.

PJM Dispatch notifies PJM management, PJM public information personnel, and
member dispatchers.

PJM Dispatch implements the Emergency Bid-Process, requesting Emergency bids by
posting messages to selected PJM web-sites, RCIS, and contacting the neighboring
control areas.

PJM Dispatch instructs members to suspend Regulation on all resources, except hydro
generation.

PJM Dispatch determines the feasibility recalling off-system capacity sales that are
recallable (network resources).

o PJM Dispatch will determine any limiting transmission constraints internal to PJM
that would impact the ability to cut transactions to a specific interface.

o PJM Dispatch will identify off-system capacity sales associated with the identified
interfaces.

o PJM Dispatch will contact the sink Balancing Authority to determine the impact of
transaction curtailment.

If the net result of cutting off-system capacity sales would put the sink Balancing
Authority into load shed then PJM will not curtail the transactions unless it would prevent
load shedding within PJM.

If the net result of cutting off-system capacity sales would put PJM in a more severe
capacity emergency than it is in currently in due to reciprocal transaction curtailments
from the sink Balancing Authority, PJM will not initiate curtailing the transactions.

PJM Dispatch declares a Maximum Generation Emergency Action and begins to load
Maximum Emergency generation or purchase available emergency energy from PJM
Members (Emergency Bid Process) and from neighboring Control Areas based on
economics and availability.
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* PJM Dispatch loads Maximum Emergency generation incrementally as required, if the
entire amount of Maximum Emergency generation is not needed. PJM dispatchers
generally load Maximum Emergency CTs prior to loading Maximum Emergency Steam in
order to preserve synchronized reserve.

Note:

Emergency Bid-Process: Following issuance of a Maximum Generation Emergency Action, PJM
may purchase available energy from any PJM Member (as emergency) that is available up to
the amount required or until there is no more available, recognizing the impact on transmission
constraints. The following rules are used to provide an orderly operation.

PJM should consider loading of shared reserves with neighboring systems prior to implementing
voltage reduction, while recognizing the impact on transmission limits.

+ The PJM Member is responsible for delivering (i.e., securing all transmission service)
of the energy to one of PJM’s borders with a neighboring control area. To ensure
deliverability, firm transmission service may be required if external Reliability Authorities
have issued TLRs.

+ PJM attempts to provide 60-minutes notice before the energy is required by posting on
selected PJM web-sites an emergency procedure message stating that PJM anticipates
requiring emergency energy purchases beginning at a specific time.

* Once PJM posts the request for emergency purchases all PIM Members can submit
“bids” to make emergency energy sales to PJM. PJM Members should use email as
primary means of submitting bids with fax as a secondary means if email is unavailable
and call PJM to confirm receipt. The Emergency Bid form is found in Attachment D along
with the rules for submitting. Bids may also be called into a pre-assigned, recorded voice
line. They should be structured as follows:

o time — of energy available

amount — of energy available

price of energy

duration (hours) energy is available and limits on minimum time required to take
notification time to cancel/accept

PJM Member identification

interface and contract path

O O O O O o

+ PJM accepts the offers and schedules the energy using the following guidelines:

o Energy is accepted based on economics (least cost offers will be accepted first
based on energy price and minimum hours) if more energy is offered than required.

o Energy is accepted as required based on economics from the available bids (i.e., if
PJM requires 500 MW immediately it takes the cheapest 500 MW bid at the time).
PJM adjusts current schedules to correct economics if time permits (i.e., if a cheaper
scheduled is bid after a more expensive schedule is loaded PJM only cancels the
first if reasonable time exists to cancel one and load the other).

o Similarly priced offers are selected based on timestamps (i.e., first in first selected).
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Bids accepted by PJM are Emergency Purchases by PJM and will set the Locational Marginal
Price. The energy received is accounted for according to the current Emergency Energy
accounting procedures. See the PJM Manual for Operating Agreement Accounting (M-28) for
more details.

PJM reserves the right to load Maximum Emergency generation as required to control the
system regardless of whether any bids were/were not accepted (i.e., sudden unit loss may not
allow time to accept bids).

PJM implements and curtails emergency purchase transactions with as much notice as practical
to allow for a reliable transition into and out of emergency conditions.

PJM requests emergency energy from neighboring Control Areas (under current Control Area
agreements) after all energy offered by the PJM Members is accepted, unless there is an
immediate need for the energy.

PJM can deviate from or change the order of the above actions as/if necessary.

+ PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions
» Transmission / Generation dispatchers notify management of the emergency procedure.

+ PJM Marketers recall off-system capacity sales that are recallable as directed by PJM
dispatchers.

» Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

* Generation dispatchers suspend regulation, as requested, and load all units to the
Maximum Emergency generation level, as required.

* Generation dispatchers notify PJM dispatching of any Maximum Emergency generation
loaded prior to PJM requesting Maximum Emergency generation is loaded.

+ Maximum Generation Emergency Action is identified as a trigger to load Non-Retail
Behind the Meter Generation.
Step 4 B (Real-time):

Emergency Voluntary Energy Only Demand Response Reduction Action

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAl) as
detailed in PUM Manual 18, PJM Capacity Market.

Applicability: Any site registered in the PJM Demand Response program as an emergency
energy only resource. These reductions are voluntary.

The purpose of this Load Reduction Action is to request end-use customers, who participate
in the Emergency Voluntary Energy Only Demand Response Program, to reduce load during
emergency conditions.

PJM Actions
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* PJM Dispatch issues Action via the PJM ALL-CALL and post message to selected PJM
Web-sites. An Action can be issued for the entire PJM RTO, specific Control Zone(s) or
a subset of a Control Zone if transmission limitations exist.

+ PJM Dispatch notifies PdJM management, PJM public information personnel, and PJM
Markets personnel.

+ PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

» Curtailment Service Providers with Demand Resource(s) registered in the Energy Only
Option of Emergency Load Response reduce load.

» Transmission / Generation dispatchers notify management of the emergency procedure.

Step 5 (Real-time):
Voltage Reduction Warning & Reduction of Non-Critical Plant Load
Note:

Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAl) as
detailed in PUM Manual 18, PJM Capacity Market.

The purpose of the Voltage Reduction Warning & Reduction of Non-Critical Plant Load is to
warn members that the available synchronized reserve is less than the Synchronized Reserve
Requirement and that present operations have deteriorated such that a voltage reduction may
be required. It is implemented when the available synchronized reserve capacity is less than the
synchronized reserve requirement, after all available secondary and primary reserve capacity
(except restricted Maximum Emergency capacity) is brought to a synchronized reserve status
and emergency operating capacity is scheduled from adjacent systems.

PJM Actions

+ PJM Dispatch issues a warning to members and PJM management, stating the amount
of adjusted synchronized reserve capacity and the requirement. A Warning can be
issued for the entire PJM RTO or for specific Control Zone(s) based on the projected
location of transmission constraints.

+ PJM Dispatch notifies PJM public information personnel.
* PJM notifies the Department of Energy (DOE).

* PJM Dispatch cancels the Warning, when appropriate.

PJM Member Actions
« Transmission / Generation dispatchers notify management of the warning.
» Transmission / Generation dispatchers notify governmental agencies, as applicable.
+ Transmission / Generation dispatchers advise all stations and key personnel.

* Generation dispatchers order all generating stations to curtail non-critical station light
and power.

» Transmission dispatchers / DPs prepare to reduce voltage, if requested.
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» Transmission dispatchers / DPs and Curtailment Service Providers notify appropriate
personnel that there is a potential need to implement load management programs, in
addition to interrupting their interruptible/curtailable customers in the manner prescribed
by each policy, if it has not already been implemented previously. PJM marketers remain
on heightened awareness regarding PJM system conditions and the potential need for
Emergency Energy Purchases.

Step 6 (Real-time):

Curtailment of Non-Essential Building Load

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUM Manual 18, PJM Capacity Market.

The purpose of the Curtailment of Non-Essential Building Load is to provide additional load
relief, to be expedited prior to, but no later than, the issuance of a Voltage Reduction Action.

PJM Actions

+ PJM Dispatch notifies PJM management, PJM public information personnel, and
members. PJM dispatcher advises members to consider the use of public appeals to
conserve electricity usage. PJM dispatcher notifies outside systems through the RCIS.

+ PJM Dispatch issues a request to curtail non-essential building load. An Action can be
issued for the entire PJM RTO, specific Control Zone(s) or a subset of a Control Zone if
transmission limitations exist.

+ PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

* Transmission / Generation dispatchers notify management of the emergency procedure
and to consider the use of public appeals to conserve electricity usage.

+ Transmission dispatchers notify governmental agencies, as applicable.

» Transmission / Generation dispatchers / DPs switch off all non-essential light and power
in DP-owned commercial, operations, and administration offices.

Step 7 (Real-time):

Deploy All Resources Action

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUM Manual 18, PJM Capacity Market.

For emergency events that evolve over time, PJM will dispatch generation and Load
Management resources via the normal mechanisms of SCED, DR Hub and direct phone calls.
However, for emergency events that develop rapidly and without prior warning, PJM may need
to dispatch all resources in a large area very quickly. The purpose of the Deploy All Resources
Action, during such emergency conditions, is to instruct PJM Members that all generation
resources are needed online immediately and that all Load Management resources dispatched
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need to reduce load immediately. This step is issued when unplanned events such as the loss
of a transmission or generating facility(s) have resulted in reliable operations being jeopardized
such that a Voltage Reduction Action or a Manual Load Dump Action may be required.

PJM Actions

PJM Dispatch issues the Deploy All Resources Action. This Action can be issued for the
entire PJM RTO, specific Control Zone(s) or a subset of a Control Zone if transmission
limitations exist and the sub-zone was previously defined.

PJM Dispatch will suspend all reserve assignments and regulation assignments.
PJM dispatches Load Management via DR Hub.
PJM recalls any external capacity.

PJM Dispatch issues a NERC Energy Emergency Alert Level 2 (EEA2 = ALERT LEVEL
2) via the RCIS to ensure all Reliability Authorities clearly understand potential and
actual PJM system emergencies if one has not already been issued concurrent with the
issuance of Emergency Load Management Reductions.

o NERC EEA2 is issued when the following has occurred: Public appeals to
reduce demand, voltage reduction, and interruption of non-firm load in accordance
with applicable contracts, demand side management, or utility load conservation
measures.

PJM Dispatch notifies PJM management, PJM public information personnel, and
member dispatchers.

PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

Member Generation Dispatchers raise all available online generating units to full output
(Emergency Maximum).

Member Generation Dispatchers start up all offline generation and ramp to full output
(Emergency Maximum), utilizing the communication methods below:

o Generators that can be online in less than 30-minutes should start immediately upon
receipt of the ALL-CALL and then notify PJM Dispatch when they are on-line.

o0 Generators that require more than 30-minutes to be on-line should call the PJM
dispatcher prior to initiating the start sequence.

Member Curtailment Service Providers with Load Management (Pre-Emergency and/or
Emergency) reduce load immediately when dispatched.

Transmission/Generation Dispatchers notify management of the emergency procedure
and that they should consider the use of public appeals to conserve electricity usage.

Member dispatchers notify governmental agencies, as applicable.
Upon cancellation of this procedure:
o Units that have not started should abort their start if possible.

o Online units should return to following SCED basepoints as well as any regulation or
reserve assignments.
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+ Deploy All Resource Action is identified as a trigger to load Non-Retail Behind the Meter
Generation.

Step 8 (Real-time):
Manual Load Dump Warning
Note:

Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAl) as
detailed in PJM Manual 18, PJM Capacity Market.

The purpose of the Manual Load Dump Warning is to warn members of the increasingly critical
condition of present operations that may require manually shedding load.. It is issued when
available primary reserve capacity is less than the largest operating generator or the loss of a
transmission facility jeopardizes reliable operations after all other possible measures are taken
to increase reserve. The amount of load and the location of areas(s) are specified.

PJM Actions

+ PJM Dispatch issues the warning to members and PJM management, stating the
estimated amount of load relief that is required (if applicable). A Warning can be issued
for the entire PJM RTO or for specific Control Zone(s) based on the projected location of
transmission constraints.

+ PJM Dispatch notifies PJM public information personnel.

+ PJM Dispatch notifies FERC via the FERC Division of Reliability’s email
emergency@FERC.gov, consistent with FERC Order No. 659.

+ PJM Dispatch issues a NERC Energy Emergency Alert Level 3 (EEA3 = ALERT LEVEL
3) via the RCIS to ensure all Reliability Authorities clearly understand potential and
actual level of PJM System Emergencies. An EEA 3 is issued when the BA is unable to
meet minimum Contingency Reserve Requirements.

+ PJM Dispatch establishes a mutual awareness with the appropriate member dispatchers
of the need to address the occurrence of a serious contingency with minimum delay.

+ PJM Dispatch examines bulk power bus voltages and alerts the appropriate member
dispatchers of the situation.

* PJM dispatcher cancels the Warning, when appropriate.

PJM Member Actions
+ Transmission / Generation dispatchers notify management of the warning.
* Transmission dispatchers notify governmental agencies, as applicable.
» Transmission / Generation dispatchers advise all station and key personnel.

* Transmission dispatchers / DPs review local procedures and prepare to shed load in the
amount requested.

* Transmission dispatchers / DPs reinforce internal communications so that load shed can
occur with minimum delay.
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* PJM marketers remain on heightened awareness regarding PJM system conditions and
the potential need for Emergency Energy Purchases.

+ Transmission Owner may coordinate with BtMG facility interconnected to the
transmission system, or through the relevant electric distribution utility, during expected
prolonged emergency load dump/shed or as otherwise necessary to help mitigate a grid
emergency. As BtMG facilities do not participate in the wholesale energy market, any
request to operate for the purpose of helping to mitigate a wholesale market issue is on
a voluntary basis at the discretion of the BtMG owner, othan than the existing Non-Retail
BtMG provisions. Any request to operate to mitigate a wholesale market issue will be
communicated to the BtMG as a voluntary request at the discretion of the BtMG owner,
other than the existing Non-Retail BtMG provisions. Refer to Manual 14D Appendix A for
more information regarding BtMG.

Step 9 (Real-time):

Voltage Reduction Action

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAl) as
detailed in PUJM Manual 18, PJM Capacity Market.

The purpose of Voltage Reduction during capacity deficient conditions is to reduce voltage on

the distribution system in order to reduce demand and therefore provide a sufficient amount of
reserve to maintain tie flow schedules and preserve limited energy sources. It is implemented

when load relief is still needed to maintain tie schedules. The lead times needed to implement
the voltage reduction vary by TO and are listed in the Voltage Reduction Summary Table.

Note:
Voltage reductions can also be implemented to increase transmission system voltages.

PJM Actions

+ PJM Dispatch notifies PJM management, PJM public information personnel, and
members. PJM dispatcher advises members to consider the use of public appeals to
conserve electricity usage. PJM dispatcher notifies outside systems through the RCIS.
PJM Dispatch notifies DOE. An Action can be issued for the entire PJM RTO, specific
Control Zone(s) or a subset of a Control Zone if transmission limitations exist.

+ PJM Management may issue system-wide or Control Zone-specific Public/Media
Notification Message W2. See Attachment A.

+ PJM Dispatch investigates loading of shared reserves with neighboring systems prior to
implementation of a voltage reduction, recognizing the impact on transmission limits.

+ PJM Dispatch issues the order for a 5% Voltage Reduction Action.

Note:
See \oltage Reduction Summary Table above for known exceptions to 5% Voltage Reduction
Action.
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+ PJM Dispatch issues a NERC Energy Emergency Alert Level 2 or Level 3 via the RCIS
to ensure all Reliability Authorities clearly understand potential and actual PJM system
emergencies if one has not already been issued concurrent with the issuance of Active
Load Management Curtailables / Full Emergency Load Response (formerly known as
ALM).

o0 NERC EEA2 is issued when the following has occurred: Public appeals to reduce
demand, voltage reduction, and interruption of non-firm load in accordance with
applicable contracts, demand side management/active load management, or utility
load conservation measures.

o0 NERC EEAS is issued when the BA is unable to meet minimum Contingency
Reserve Requirements.

» Ifit has not already begun, the PJM Dispatch will initiate Shortage Pricing if the
region where the voltage reduction action has been initiated corresponds with an entire
Synchronized Reserve Zone or Sub-Zone.

* PJM dispatcher cancels the Action, when appropriate.

PJM Member Actions

* Transmission / Generation dispatchers notify management of the emergency procedure
and to consider the use of public appeals to conserve electricity usage.

* Member Transmission dispatchers notify governmental agencies, as applicable.

* Member Transmission dispatchers / DPs take steps to implement the voltage reduction.

Step 10 (Real-time):

Manual Load Dump Action

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUM Manual 18, PJM Capacity Market.

The Manual Load Dump Action is an Operating Instruction from PJM to shed firm load when the
PJM RTO cannot provide adequate capacity to meet the PJM RTO’s load and tie schedules, or
critically overloaded transmission lines or equipment cannot be relieved in any other way. Under
capacity deficient conditions, the PJM EMS load dump allocation calculator was modified to
institute changes to the Operating Agreement set forth in Schedule 1, Section 1.7.11 that states
that “...the Office of Interconnection may not order a manual load dump in a Control Zone solely
to address capacity deficiencies in another Control Zone.”

The load shed calculation determines which Control Zone(s) is short based on real-time load
and energy values from EMS and capacity values received daily from the Capacity Adequacy
Planning Department. Real-time energy values are used as a surrogate for available capacity,
because in a capacity shortage situation all available generation should be loaded to full
capacity. Since most of the values used in the load shed calculation are real-time dynamic
numbers, the calculation is performed in the PJM EMS. Load Serving Entities will be able to
designate within eCapacity that capacity resources are being used to serve load in a specific
Control Zone. Similarly ExSchedule users will be able to specify that an external energy
schedule is designated for a specific Control Zone. Resources that are not designated for a
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specific Control Zone will be considered an RTO resource for load shed calculation purposes
and allocated across all Control Zones according to load ratio share. Only Control Zones that
are determined to be deficient will be assigned a share of a load shed request initiated due
to RTO capacity deficiencies. If the PJM Mid-Atlantic Region is determined to be deficient, its
share will be further allocated according to Attachment E.

PJM Actions

PJM Dispatch verifies separations have not occurred and load shed is desirable on
the system being controlled (i.e., make sure load shed will help, not aggravate the
condition).

PJM Dispatch instructs members to suspend all remaining regulation, if not already
suspended previously.

PJM Dispatch determines which Control Zone (s) are capacity deficient and the relative
proportion of deficiency. PJM Dispatch estimates the total amount of load to be dumped
and utilizes the PJM EMS to determine deficient Control Zones and their share of load
shed required.

PJM Dispatch orders the appropriate member dispatchers to shed load according to
PJM EMS calculations. The PJM Mid-Atlantic Region share will be further allocated
according to Attachment E. PJM Dispatch will implement load shedding, while
minimizing overlap with automatic load shedding, in controlled step sizes to minimize
system impact and further uncontrolled separation.

PJM Dispatch notifies PJM management, PJM public information personnel, and
members. PJM Dispatch advises members to consider the use of public appeals to
conserve electricity usage and public announcements of the emergency. PJM Dispatch
notifies other Control Areas through the RCIS, and notifies DOE, FEMA, and NERC
offices, using established procedures.

PJM Dispatch notifies FERC via the FERC Division of Reliability’s email
emergency@FERC.gov, consistent with FERC Order No. 659.

PJM Dispatch issues a NERC Energy Emergency Alert Level 3 (EEA3 = ALERT LEVEL
3) via the RCIS to ensure all Reliability Authorities clearly understand potential and
actual level of PJM System Emergencies.

PJM Management issues a system-wide or Control Zone specific Public/Media
Notification Message W3. Typically, this would be issued prior to a Manual Load Dump.
See Attachment A.

If it has not already begun, the PJM Dispatch will initiate Shortage Pricing if the region
where the manual load shed action has been initiated corresponds with an entire
Synchronized Reserve Zone or Sub-Zone.

PJM Dispatch cancels the Action, when appropriate.
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Note:

If partial restoration of the load shed is requested by PJM dispatcher, confirmation of the load
restored by each member must be made prior to further restoration requests by PJM dispatcher.

If step 1 of UFLS is insufficient to return frequency to acceptable ranges and if emergency
procedures cannot be implemented in a timely fashion then PJM Dispatch shall shed sufficient
load to restore system frequency.

PJM Member Actions

Generation dispatchers suspend remaining regulation, when directed by PJM prior to
shedding load.

Transmission dispatchers / DPs shed an amount of load equal to or in excess of the
amount requested by PJM dispatcher (Mid-Atlantic Region operators refer to Attachment
E for specific allocation) within 5 minutes of the issued directive. The load shed plan
should consider/recognize priority/critical load.

Transmission / Generation dispatchers notify management of the emergency procedure.

Transmission dispatchers / DPs consider the use (or continued use) of public appeals
to conserve electricity usage and consider the use of public announcements of the
emergency.

Transmission dispatchers notify governmental agencies, as applicable.

Transmission dispatchers / DPs maintain the requested amount of load relief until the
load shed order is cancelled by PJM dispatcher.

Transmission Owner may coordinate with BtMG facility interconnected to the
transmission system, or through the relevant electric distribution utility, during expected
prolonged emergency load dump/shed or as otherwise necessary to help mitigate a grid
emergency. As BtMG facilities do not participate in the wholesale energy market, any
request to operate for the purpose of helping to mitigate a wholesale market issue is on
a voluntary basis at the discretion of the BtMG owner, other than the existing Non-Retail
BtMG provisions. Any request to operate to mitigate a wholesale market issue will be
communicated to the BtMG as a voluntary request at the discretion of the BtMG owner,
other than the existing Non-Retail BtMG provisions. Refer to Manual 14D Appendix A for
more information regarding BtMG.

Transmission dispatchers report the amount of load curtailed / restored upon implementation to

the PJM Power Dispatcher.
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Note:

PJM Dispatch should take necessary actions to support system frequency, consistent with good
utility practices. These actions may include emergency procedures to arrest frequency decline,
but PJM will not violate BAAL (Balancing Authority ACE Limit) limits by over-generating to
correct for a low frequency. PJM shall only use the assistance provided by the

Interconnection’s frequency bias for the time needed to implement corrective actions. PJM will
not unilaterally adjust generation in an attempt to return

Interconnection frequency to normal beyond that supplied through frequency bias action and
Interchange Schedule changes. In general, emergency procedures are preserved to ensure
PJM net tie deviation is not adversely impacting system frequency after all economic options
have been exhausted. However, Emergency Procedures should be exhausted, including
Manual Load Dump, to arrest frequency decline once Under Frequency Load Shedding
Schemes (UFLS) have triggered but prior to generating stations tripping off-line (57.5 Hz).
Under-frequency Load Shedding Plan settings are defined in Attachment F, “PJM Manual Load
Dump Capacity.”

2.4 Light Load Procedures

Each Control Area has a commitment to control its generation in a manner so as not to

burden the interconnected systems. Failure to provide adequate control can result in deviations
in frequency and inadvertent power flow, stability issues or transmission constraints. For the
PJM RTO to meet its commitment during light load periods, it may be necessary to deviate
appreciably from normal operating procedures. PJM scheduling personnel are responsible for
identifying light load conditions and projecting the extent of operating procedures.

The exhibit below illustrates that there are four general levels of emergency procedures
intended for use during light load periods.
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Action Prior to Minimum
Generation Alert

Minimum Generation Alert

Actions Prior to Minimum
Generation Emergency
Declaration

Minimum Generation
Emergency Declaration

Minimum Generation Event

Cancellation

Exhibit 2: Sequence of Actions
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Advisories ﬁ Minimum Generation Advisory

Alerts ﬁ Minimum Generation Alert

Warnings @ Minimum Generation Emergency Declaration

High System Voltage Action I

Minimum Generation Event

Actions

Local Minimum Generation Event

Exhibit 3: Light Load Related Problems

2.4.1 Actions Prior to Minimum Generation Alert

The purpose of the Minimum Generation Advisory/Alert is to provide an early alert that system
conditions may require the use of the PJM Emergency Procedures. They are implemented
when the expected generation level is within 2,500 MW of normal minimum energy limits. They
differ in their time of issuance ahead of the event in that an Advisory is issued when PJM is
aware two or more days in advance of the event, and an Alert is issued one day in advance of
the event.

Minimum Generation Advisory
PJM Actions

+ PJM reviews the valley load forecasts for the next several days. If the RTO load is
projected to be at or below 70,000MWs (Summer/Winter) or 65,000MWs (Spring/Fall),
PJM Issues a Minimum Generation Advisory message to the Emergency Procedures
site 1 or more days ahead of time to provide an informational only notice that a Min Gen
Alert/Action is likely.

*  PJM prepares Minimum Generation Worksheet (see Minimum Generation Calculation
exhibit or eDART Minimum Generation Calculation Worksheet exhibit, each in
Attachment H) to determine if Minimum Generation Alert criteria are met and if Light
Load Procedures are required for upcoming scheduling period.

+ PJM personnel formulate a scheduling strategy for the light load period. Hydro plant
schedules are reviewed to ensure, where possible, pumping at pumped storage plants
is maximized and generation at run-of—river plants is minimized during the light load
period(s).

+ PJM Dispatch cancels the Advisory, when appropriate.

PJM Member Actions
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* Generation dispatchers should utilize the advanced notification provided by an Advisory
in order to prepare for any action associated with a Minimum Generation Alert.

2.4.2 Minimum Generation Alert
Minimum Generation Alert

PJM Actions

+ If the expected generation level is within 2,500 MW of normal minimum energy limits,
PJM Dispatch issues the Alert for the specified light load period via the ALL-CALL and
posts the alert on selected PJM web-sites and the NERC RCIS. Adjusted Minimum
generation, valley load estimate, and margin values are given to members.

* PJM Dispatch cancels the Alert, when appropriate.

PJM Member Actions

» Generation dispatchers review with station operating personnel, unit normal maximum
and minimum energy limits, as well as emergency minimum energy limits.

Note:

1: In order to ensure resources do not force emergency procedures they must be dispatchable
(Dispatchable Generation) in the range between the greater of the resource’s physical minimum
operating level or Capacity Interconnection Rights (CIR) and Maximum Facility Output (MFO)
(i.e. fixed gen flag must not be selected).

Note 2: Resources may not submit an economic minimum that exceeds the greater of the
resource’s physical minimum operating level or the level of their CIR in the real-time energy
market. This restriction does not apply to the day-ahead market.

Note 3: An intermittent resource’s Economic Minimum shall not exceed the level of its CIR.

Note 4: An intermittent resource’s Emergency Minimum should be set to 0.

* Generation dispatchers compile their emergency reducible information and report to
the PJM Master dispatcher via eDART (see Attachment H, eDART ERG Reporting
Form). The amount reported in the Reducible on Declaration Column is, by region, the
Emergency Reducible Generation (ERG) that will be started down when PJM makes
the Minimum Generation Emergency Declaration, before the actual Minimum Generation
Event. The amount reported in the Total Reducible Generation is the total reducible
generation available for both the Declaration and Event. Joint-owned generation is
reported by the operating company.

* Generation dispatchers schedule additional unit maintenance, as appropriate, for
the expected light load periods. PJM dispatchers are informed of any maintenance
scheduled.

» Generation dispatchers renew and update resource data in PJM’s computer systems.
Particular attention is given to resource availability and energy limits (normal maximum,
normal minimum, and emergency minimum).

» Generation dispatchers should contact PJM Dispatch if ramp limits are prohibiting the
ability to export energy from the PJM system during projected minimum emergency
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conditions. To assist in system control, exports should coincide with load drop-out
periods (refer to Data Viewer application for plotted load).

+ PJM Dispatch cancels the Alert, when appropriate.

2.4.3 Actions Prior to Minimum Generation Emergency Declaration
PJM Actions

* Re-evaluate valley load estimate and amount of Spot-in transactions.

+ PJM Dispatch updates the amount of emergency reducible generation available. Final
strategy is determined from the results, including the anticipated amount of reducible
generation to be reduced (by percentage) and a forecasted time of the reduction.

* Reduce units to normal minimum generation. Review units assigned to regulate. Relieve
units that are unable to regulate at or near normal minimum levels.

* Reduce System LMP to “0” and reduce Spot-in contracts as required to maintain system
control.

Note:
1: The unit default cost/price bid will be assumed 0 unless provided via Markets Gateway.

Note 2: Other system conditions may at times require the reducing of System LMP to 0 or
below. The implementation of any steps under the Light Load Procedures is NOT a pre-requisite
of moving System LMP to 0.

2.4.4 Minimum Generation Emergency Declaration
Minimum Generation Emergency Declaration

Minimum Generation Emergency Declaration is to notify members of Min Gen survey results
and strategy, including the anticipated amount of reducible generation and forecasted time of
the reduction.

PJM Actions

+ PJM Dispatch issues via the ALL-CALL a Minimum Generation Emergency Declaration
and notifies members of survey results and strategy, including the anticipated amount of
reducible generation to be reduced (by percentage) and a forecast time of the reduction.
PJM dispatcher also posts the Declaration on selected PJM web-sites and the NERC
RCIS.

* PJM Dispatch cancels the Warning, when appropriate.

PJM Member Actions

» Generation Dispatchers ensure their units are following PJM economic base points to
Economic Minimum output.

* Wind Generator Operators will adjust Wind Turbine Control Systems or manually adjust
turbine output to achieve the desired SCED base point.
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* Generation dispatchers reduce generation as reported via eDART on the Minimum
Generation Form in the Reducible on Declaration column. (See eDART ERG Reporting
Form in Attachment H.)

+ Generation dispatchers determine the specific units that will be reduced and the
sequence and timing of reductions based on the direction given by PJM.

* Generation dispatchers contact PJM Master Coordinator and report additional Reducible
Generation that is reduced beyond what is reported on the Minimum Generation Form
upon a Minimum Generation Emergency Declaration.

2.4.5 Minimum Generation Event
Minimum Generation Event

Minimum Generation Emergency Event is implemented when PJM Dispatch can no longer
match the decreasing load and utilization of emergency reducible generation is necessary.

PJM shall not differentiate between resource types during a Minimum Generation Emergency
Event. All resources are expected to reduce proportionally based on the percentage Emergency
Reducible Generation declared.

PJM Actions
» If Transmission constrained, follow the Guidelines for Constrained Operations.

* PJM Dispatch issues via the ALL-CALL the Minimum Generation Emergency Event
and requests Local Generation dispatchers to reduce Emergency Reducible Generation
(ERG), in proportion to the total amount of ERG reported minus what was reported as
being reducible on declaration. PJM Dispatch also posts the Event on selected PJM
web-sites and the NERC RCIS.

Note:

Example: If Member reported 200 MW as total ERG with 100 MW reported as Reducible on
Declaration, 100 MW would have been started down when PJM issued the Minimum Generation
Emergency Declaration. If when issuing the Minimum Generation Event, PJM requests 20%
reducibles, Member would reduce 20 MW from the 100 MW that was reported as targeted for
reduction on the Event.

* Attempt to sell Emergency Energy to external systems.

» After all internal PJM resources are reduced to Emergency Minimum Levels (100%
Reducible Generation implemented), reduce Network External Designated purchases as
required to maintain system control.

* In concert with individual members, PJM Dispatch recommends the shutdown of specific
units that are not required for area protection during the current load period or the
subsequent on-peak period. PJM Dispatch recommends return times for these units.

Note:

Having reviewed the conditions for the next on-peak period, PJM Dispatch recommends the
sequence of units being removed from service at this time and recommends the sequence of
return for the units that would be needed for reliable operation for the next on-peak period.
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* PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

» Generation dispatchers follow the direction of PJM dispatcher.

Note:

Implementation of Emergency Reducible Generation Curtailments should be achieved within 15
minutes or within a timeframe that the technology permits. PJM should be notified if curtailment
is expected to exceed 15 minutes.

2.4.6 Local Minimum Generation Event
Local Minimum Generation Event

A Local Minimum Generation Emergency Event is implemented when there is an excess
generation situation in a localized area or set of areas, which has the potential to result in
stability issues or constrained operations.

PJM Actions

» After reducing effective local generation to their economic minimum levels, curtailing
dispatchable contracts and Spot Market Imports (as applicable), the PJM dispatcher
issues a Local Minimum Generation Emergency Event and requests Local Generation
dispatchers to reduce Emergency Reducible Generation (ERG) under PJM control, in
proportion to the total amount of ERG reported. The PJM dispatcher posts the Event on
selected PJM web-sites.

+ Attempt to sell Emergency Energy to external systems (as applicable).

+ After all effective PJM resources are reduced to Emergency Minimum Levels (100%
Reducible Generation implemented), reduce Network External Designated purchases.

* PJM Dispatch directs the shutdown of effective units that are not required for area
protection during the current load period or the subsequent on-peak period. The PJM
dispatcher recommends return times for these units.

Note:

Having reviewed the conditions for the next on-peak period, the PJM dispatcher recommends
the sequence of units being removed from service at this time and recommends the sequence
of return for the units that would be needed for reliable operation for the next on-peak period.

+ PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

* Generation dispatchers follow the direction of PJM Dispatch via eDART (see eDART
ERG Reporting Form in Attachment H).
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Note:
If reduction of emergency reducible generation is requested, no update of the PJM Dispatch
lambda program is required.

2.4.7 High System Voltage
High System Voltage

To prepare the system for expected high voltages, PJM will coordinate with the Transmission
owners to proactively take steps to control high voltages prior to entering the light load period.
These steps are outlined in PJM Manual M-03, Section 3.7. The steps below will be taken in
real time when portions of the PJM RTO are experiencing a low load / high voltage condition.
PJM will issue an ALL-CALL to PJM members to trigger the following steps:

PJM Actions

+  PJM issues High System Voltage messages directing all companies to take the actions
listed below to control high system voltages.

* PJM may coordinate with Transmission and Generation Owners to direct generators to
be operated outside of their voltage schedule bandwidth on a case by case basis.

+ PJM Dispatch cancels the Action, when appropriate.

PJM Member Actions

» Transmission Owners ensure all appropriate substation switchable capacitors, including
distribution capacitors, are out of service as well as SVC'’s in the lead.

« Transmission Owners ensure all available shunt reactors are in service.

+ Transmission Owners are requested to review and adjust LTC settings as appropriate.
All LTC (230 kV and above) and voltage schedule adjustments shall be coordinated with
PJM Dispatch.

* FE South will set the Black Oak SVC to begin absorbing MVARS when voltage exceeds
535kV

+ PECO will set the Elroy 500kV capacitors to manual.

« Transmission Owners are requested to review and adjust generator voltage schedules to
have generators absorb reactive power as modeled in the unit D-curve or as appropriate.
Voltage schedule adjustments (including default voltage schedule) shall be coordinated
with PJM Dispatch. (Generation owners should not take voltage actions outside their
voltage schedule prior to coordinating with the local Transmission Owner.)

* Generation Owners communicate with PJM and the Transmission Owner restrictions to
their generator’s ability to absorb MVARSs if that capability varies from the existing “D”
curve.

» Generation Owners will operate generators at the lower bandwidth of their voltage
schedule when possible.

o Example: A generator following the PJM default 230 kV voltage schedule of 235 kV
+/- 4 kV should be operating as close to 231 kV as possible.
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2.5 General Assistance to Adjacent Control Areas

When adjacent Balancing Areas are deficient in generation and are requesting assistance from
the PJM RTO, actions are taken, provided the adjacent Balancing Area has taken the same
actions requested of PJM.

PJM Actions

+ PJM Dispatch notifies PdJM management, PJM public information personnel, and Local
Control Center dispatchers. PJM Dispatch notifies outside Control Areas using the RCIS,
and the NERC hotline if necessary.

+ PJM Dispatch orders, as required, increased generation, including Maximum Emergency
generation (with the exception of resource limited capacity). PJM Dispatch also
implements a 5% Voltage Reduction to provide the required assistance provided that
the power system requesting assistance is already in a 5% Voltage Reduction.

Note:

PJM load management programs are not to be used to provide assistance to adjacent
Balancing Areas. PJM Dispatch prefaces these procedures by the words “due to PJM providing
emergency assistance to an adjacent Control Area(s), PJM is issuing an (appropriate alert or
action message)”.

PJM Member Actions
* The Local Transmission / Generation dispatchers notify management.
* The Local Transmission dispatchers notify governmental agencies, as applicable.

* The Local Transmission / Generation dispatchers implement all emergency procedure
requests issued by PJM dispatcher and notify appropriate Local Control Center
personnel.
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Section 3: Weather/Environmental Emergencies

Welcome to the Weather/Environmental Emergencies section of the PJM Manual for
Emergency Operations. In this section, you will find the following information:

» A description of the conditions that warrant conservative operation (see “General
Conditions”).

*+  How PJM responds to thunderstorms, tornadoes, and other severe weather conditions
(see “Thunderstorms and Tornadoes”).

*  How PJM responds to geo-magnetic disturbances (see “Geo-Magnetic Disturbances”).

3.1 Overview

To maximize the PJM RTQO'’s ability to operate reliably during periods of extreme and/or
prolonged severe weather conditions, procedures are necessary to keep all affected system
personnel aware of the forecast and/or actual status of the system and to ensure that maximum
levels of resource availability are attained.

The purpose of this section is to explain how severe weather conditions are identified and
to describe when it is necessary to provide additional capacity and to staff the necessary
generating sites for a future critical period. For example, Combustion turbine (CT) start up
reliability may be adversely affected by extreme cold temperatures.

PJM’s analysis of system conditions considers higher levels of resource unavailability during
severe weather conditions. PJM uses its best judgment about the magnitude of the projected
unavailability of equipment, considering the length of the forecasted and actual weather
conditions.

Participants monitor their fuel supplies, emission hours, demineralized water, cooling water, and
other consumables inventories and keep PJM updated about station/units that are experiencing
or projected to experience resource limitations via Markets Gateway, as described in Section
6.4. Conference calls are scheduled to review the operating situations, as appropriate.

Coordination and communication with the applicable natural gas transmission pipelines, in
conjunction with neighboring RTOs/ISOs, should be implemented during extreme weather
conditions to ensure that the availability of the natural gas-fired generation resources is
assessed and contingency plans developed, if necessary.

Generally, any resource restricted unit (< 72 hours at max capacity), should be classified

as a Resource Limited Unit. Natural gas-fired units that experience fuel supply/transportation
restrictions are not considered Resource Limited Units due to the daily nature of their
restrictions, and are excluded from this reporting. Instead, natural gas-fired units should reflect
these fuel restrictions when updating their unit offer parameters within Markets Gateway, and
report unplanned outages if they are unable to run.

PJM needs to be informed about the number of hours available for all Resource Limited
Generation with restrictions related to fuel, emissions hours, water, or other consumables

via Markets Gateway. In addition, when PJM declares Conservative Operations/Cold or Hot
Weather Alert, certain minimum levels have been established for Resource Limited Generation.
See Section 6.4 of this manual for more details.
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In general, two days is sufficient to alert governmental agencies of the situation and to receive
assistance. Depending on the situation, units may be forced out of service (full or partial) prior to
these guidelines in order to protect plant equipment or for future system needs.

3.2 Conservative Operations
Conservative Operations

The need to operate the PJM RTO more conservatively can be triggered by any number of
weather, environmental, physical or cyber security events, including but not limited to:

+ potential fuel delivery issues identified
+ forest fires/brush fires that threaten major transmission circuits

« weather-related events, such as ice/snow/wind storms, hurricanes, tornadoes, severe
thunderstorms, and floods

* environmental alerts

* geo-magnetic disturbance events

* PJM enters an unknown operating state

* Physical or Cyber-attacks, including credible threats
During conservative operations, system operations may reflect conservative transfer limit
values, selected double-contingencies, and/or maximum credible disturbances.
PJM Actions

+ PJM notifies PJM management, PJM public information personnel and members that
Conservative Operations has been declared, including the reason.

+ PJM Dispatch reviews and considers recalling/cancelling non-critical Generation &
Transmission maintenance outages.

* PJM Dispatch communicates whether resource limited units are required to be placed
into Maximum Emergency Category.

+ PJM dispatcher has the authority to reduce transfers into, across, or through the PJM
RTO or take other actions, such as cost assignments to increase reserves and reduce
power flows on selected facilities.

+ Itis PJM dispatcher’s responsibility to analyze the reliability of the PJM RTO and
determine if it is in jeopardy. If required, operations planning branch staff are called
upon to develop revised limitation curves.

+  PJM issues a Production System Change Freeze: PJM will refrain from updating
business application systems, programs, data, systems software, hardware and other
aspect of the information-processing environment at PJM.

* PJM cancels Conservative Operations when appropriate.
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Note:
A Production System Change Freeze is a procedure that is implemented to ensure a stable
production environment over a defined period of time.

The production change freeze has two objectives. First, it is designed to ensure staff is available
for critical activities, should the need arise. Second, it is designed to help ensure stable
technical environments to support PJM's business and reliability functions.

The change freeze announcement will identify start date/time and the predicted duration or end
date/time of the freeze period. At any point during the change freeze window, system conditions
will be evaluated and an announcement regarding the lifting or extension of the change freeze
will be made. Exceptions to the Change Freeze will only be granted with PJM management
authorization.

During a Production System Change Freeze, Transmission Owners and Generation Owners
should refrain from scheduling ICCP/EMS outages and/or failovers.

PJM Member Actions
+ Transmission/Generation dispatchers notify management of the declaration.

+ Transmission / Generation dispatchers and PJM Marketers respond, as required, to
specific requests and directions of PJM dispatcher.

* Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

3.3 Cold Weather Alert
Cold Weather Alert

The purpose of the Cold Weather Alert is to prepare personnel and facilities for expected
extreme cold weather conditions. As a general guide, PJM can initiate a Cold Weather Alert
across the RTO or on a Control Zone basis when the forecasted weather conditions approach
minimum or actual temperatures of 10 degrees Fahrenheit or below. PJM can initiate a Cold
Weather Alert at higher temperatures if PJM anticipates increased winds or if PJM projects a
portion of gas fired capacity is unable to obtain spot market gas during load pick-up periods
(refer to Inter RTO Natural Gas Coordination Procedure below). PJM will initiate the Cold
Weather Alert for the appropriate region(s) in advance of the operating day based upon
historical experience, information supplied by the pipelines and/or information supplied from
the generator owners.

PJM Actions
* PJM dispatcher notifies PJM management, PJM public information personnel, and
members.

+ PJM dispatcher issues an Alert and provides the following information:

o Control Zone
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Forecasted low temperature
The forecasted duration of the condition

Amount of estimated operating reserve and reserve requirement

O O O o

Reminder to Gen Owners to update their unit parameters in Markets Gateway to
reflect revised Start-up and Notification times, max run times, min run times, etc.

o PJM Dispatch communicates whether resource limited units are required to be
placed into Maximum Emergency Category.

* PJM Dispatch recalls/cancels non-critical Generation & Transmission maintenance
outages.

Note:
Generator Maintenance Outages recalls will be performed in accordance with M-10 Section
2.3.2.

+ PJM Dispatch reviews the load forecast, interchange forecast, the increased MW
unavailability from the tables below and generator Times to Start (Start-Up + Notification
in Markets Gateway) to confirm if the Day Ahead Market will be able to clear sufficient
generation that can be on-line to meet the reliability needs of the system for the
operating day. If sufficient generation cannot be cleared in the Day Ahead market based
the start-up + notification time, the following processes will be used to commit generation
in advance of the Day Ahead Market:

Note:

Any discussions on unit commitment outside of the Day Ahead Market must be predicated on
the unit parameters listed in Markets Gateway which include: notification/start-up time, min run
time, max run time, cost and price schedule.

* Natural gas generating units:

o PJM Dispatch will notify the generator owner that the unit is required to be online and
ready to follow PJM Dispatch signals at XX:XXhrs on XX day for reliability. The unit
parameters and the offer will then be confirmed and the unit will be offer capped with
the schedule being ‘locked in’ as indicated in PJM’s Manual for Energy & Ancillary
Services Market Operations (M-11). PJM Dispatch will inform the gen owner to run
for the greater of:

— The unit's Min Run time OR

- The duration that PJM requires the unit to run for reliability reasons.

o0 Generators committed under this procedure will be run for the hours scheduled,
assuming no reliability issues, and will be included in the DA Market as indicated in
M-11.
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o The PJM OATT does not allow for stranded fuel recovery for any reason to include
forced outage, failure to meet start profiles, or decommited due to reliability issues.

* Non-natural gas generating units:

o PJM Dispatch will notify the generator owner that the unit is required to be online
and ready to follow PJM Dispatch signals at XX:XXhrs on XXday for reliability. The
unit parameters and the offer will then be confirmed and the unit will be offer capped.
PJM Dispatch will NOT commit to run the unit longer than its Min Run time.

o0 Generators committed under this procedure will be run for the hours scheduled and
will be included in the DA Market as indicated in M-11.

Note:
The unit may also be cancelled at any time prior to coming on-line if system conditions change.
Costs will be recoverable as indicated in M-11.

Note:

Since a Cold Weather Alert may only be issued on a portion of the PJM footprint, and since
PJM schedules and operates the footprint as a single Balancing Authority, PJM may elect not to
automatically place Resource Limited Units into the Maximum Emergency Category.

PJM utilizes the following weather locations and approximate unavailability rates to declare Cold
Weather Alerts on a PJM Control Area or Control Zone basis.

Control Zone Weather Unavailability
Mid Atlantic Mid-Atlantic Philadelphia 4000 - 5000 MW
FE-South/Duq Western Pittsburgh 500 — 1000 MW
AEP Western Columbus 1000 — 1500 MW
Dayton Western Dayton 500 - 1000 MW
ComEd Western Chicago 2000 - 3000 MW
Dominion Southern Richmond 1000 — 2000 MW
FE-West Western Cleveland 500 — 1000 MW
DEOK Western Cincinnati 200 - 300 MW
EKPC Western Winchester 200 - 300 MW
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Note:

Unavailability numbers are conservative estimates and are not necessarily additive. During the
start of extreme cold weather unavailability rates are typically higher. Values can be adjusted
based on the duration of cold weather, actual unity performance during cold weather, the impact
on fuel sources (i.e., frozen coal, gas interruptions, etc.), the projected level of combined cycle/
combustion turbine usage, and level of scheduled long-lead/seldom-run generation.

*  When scheduling for a period covered by a Cold Weather Alert, PJM dispatcher may
assume an unavailability factor for scheduled interchange that could range from 25%
to 75% of the pre-scheduled interchange. PJM Dispatch will make this decision based
on the severity of the conditions, recent interchange curtailment experience, and the
current/projected impact of the weather system on other Control Areas. This decrease
may require the commitment of additional steam units and/or the purchase of emergency
power from external systems.

*  When in PJM’s judgment combustion turbines in excess of 2000 MW are needed to
operate within a control zone, PJM will notify the respective combustion turbine owners
that PUM expects these units to be run. If the predicted minimum temperature is
-5 degrees Fahrenheit or less or if recent unit performance has shown a significant
increase in unit unavailability, an additional level of unavailability is added to the amount
of CTs expected to operate. PJM will notify these additional combustion turbine owners
that PJM expects these units to be run.

+ PJM confers with generator owners and if appropriate, directs them to call in or schedule
personnel in sufficient time to ensure that all combustion turbines and diesel generators
that are expected to operate are started and available for loading when needed for the
morning pick up. This includes operations, maintenance, and technical personnel that
are necessary to gradually start all equipment during the midnight period. Directions
may also be given to bring units on at engine idle, or loaded as necessary to maintain
reliability. Once units are started, they remain on-line until PJM dispatcher requests the
units be shut down. Running CTs to provide for Synchronized Reserve is monitored
closely for units where fuel and delivery may be hampered. Most troublesome or
unreliable units should be started first. PJM Dispatch should make this notification on
afternoon shift the day prior, paying particular attention to weekend staffing levels.

+ PJM Dispatch should poll large combined cycle units regarding projected availability
during reserve adequacy run.

+ PJM Dispatch reports significant changes in the estimated operating reserve capacity.
+ PJM Dispatch cancels the alert if the weather forecast is changed or when the alert
period is over.
PJM Member Actions
+ Transmission/Generation dispatchers notify management of the alert.

* Generation dispatchers update their unit parameters, including the Start-up and
Notification, Min Run Time, Max Run Time, Eco Min, Eco Max, etc. in Markets Gateway.
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This includes updating PLS schedule parameters as indicated in Manual 11 Section
2.3.4.

* Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

* Generation dispatchers with dual fuel determine whether alternate fuel will be made
available to PJM for dispatch. If made available, any known alternate fuel resource
limitations will be communicated via Markets Gateway as described in Section 6.4.

* Generation dispatchers, based on direction received from PJM call in or schedule
personnel in sufficient time to ensure that all combustion turbines and diesel generators
that are expected to operate are started and available for loading when needed for the
morning pick up. This includes operations, maintenance, and technical personnel that
are necessary to gradually start all equipment during the midnight period. The units
are brought on at engine idle, where possible, and loaded as necessary to maintain
reliability. Once units are started, they remain on-line until PJM dispatcher requests the
units be shut down. Running CTs to provide for Synchronized Reserve is monitored
closely for units where fuel and delivery may be hampered. Each generator owner
attempts to start their most troublesome or unreliable units first.

Note:

When a unit that PJM alerted to be prepared to run is not started, the owner of this unit

can receive compensation for its costs. The Generation Owner must submit a letter to the
PJM Manager of Market Settlements within 45 days identifying the actual costs of staffing the
unit. After such notification, PJM will compensate the unit from Operating Reserves for these
cancellation costs up to the capped start-up costs (as per the PJM Operating Agreement,
Section 1.10.2d Pool Scheduled Resources and Section 2.3g Operating Reserves Credits; for
detailed process see PJM’s Manual for Operating Agreement Accounting (M-28), Section 5.2 -
Operating Reserves Credits).

* Generation dispatchers review their combustion turbine capacities, specifically units
burning No. 2 fuel oil that do not have sufficient additive to protect them from the
predicted low temperature.

+ Generation dispatchers review fuel supply/delivery schedules in anticipation of greater
than normal operation of units.

* Generation dispatchers monitor and report projected fuel limitations to PJM dispatcher
and update the unit Max Run field in Markets Gateway if less than 24 hours of runtime
remaining.

* Generation dispatcher contact PJM Dispatch if it is anticipated that spot market gas is
unavailable, resulting in unavailability of bid-in generation.
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+ Transmission/Generation dispatchers review plans to determine if any maintenance or
testing, scheduled or being performed, on any monitoring, control, transmission, or
generating equipment can be deferred or cancelled.

* Generation dispatchers will update the “early return time” for any Planned generator
outages as indicated in PJM Manual for Pre-Scheduling Operations (M-10), Section
222

3.4 Hot Weather Alert
Hot Weather Alert

The purpose of the Hot Weather Alert is to prepare personnel and facilities for extreme hot
and/or humid weather conditions which may cause capacity requirements/unit unavailability to
be substantially higher than forecast are expected to persist for an extended period. In general,
a Hot Weather alert can be issued on a Control Zone basis, if projected temperatures are to
exceed 90 degrees with high humidity for multiple days. A Hot Weather Alert will be issued

for the Dominion and EKPC Control Zones when projected temperatures are to exceed 93
degrees with high humidity for multiple days. PJM may also issue a Hot Weather Alert at lower
temperatures during the spring and fall periods if there are significant amounts of generation
and transmission outages that reduce available generating capacity.

PJM utilizes the following weather locations and approximate unavailability rates to declare Hot
Weather Alerts on a PJM Control Area or Control Zone basis.

Control Zone Weather Unavailability

Mid-Atlantic Mid-Atlantic Philadelphia 2000 - 2500 MW

FE South/Duq Western Pittsburgh 300 - 500 MW

AEP Western Columbus 500 — 1000 MW
Dayton Western Dayton 300 — 500 MW
ComEd Western Chicago 1000 — 1500 MW
Dominion Southern Richmond 500 - 1000 MW

FE West Western Cleveland 300 — 500 MW
DEOK Western Cincinnati 100 — 200 MW
EKPC Western Winchester 100 — 200 MW
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Note:

Unavailability numbers are conservative estimates and are not necessarily additive. As extreme
hot weather continues unavailability rates may begin to increase. Values can be adjusted

based on the duration of hot weather, actual unit performance during hot weather, projected
environmental impacts (i.e. river water temperatures, hydro elevation) and level of scheduled
long lead/seldom run generation.

PJM Actions:
+ PJM Dispatch notifies PJM management and member dispatchers.

+ PJM Dispatch issues an Alert stating the amount of estimated operating reserve capacity
and the reserve requirement.

* PJM Dispatch recalls/cancels non-critical Generation & Transmission maintenance
outages.

Note:
Generator Maintenance Outages recalls will be performed in accordance with PJM Manual for
Pre-Scheduling Operations (M-10), Section 2.3.2.

* Reminder to Gen Owners to update their unit parameters in Markets Gateway to reflect
revised Start-up and Notification times, max run times, min run times, etc. This includes
updating PLS schedule parameters as indicated in Manual 11 Section 2.3.4

* PJM Dispatch communicates whether resource limited units are required to be placed
into Maximum Emergency Category for Hot Weather/Cold Weather Alerts.

+ PJM Dispatch reviews the load forecast, interchange forecast, the increased MW
unavailability from the tables below and generator Times to Start (Start-Up + Notification
in Markets Gateway) to confirm if the Day Ahead Market will be able to clear sufficient
generation that can be on-line to meet the reliability needs of the system for the
operating day. If sufficient generation cannot be cleared in the Day Ahead market based
the start-up + notification time, the following processes will be used to commit generation
in advance of the Day Ahead Market:

Note:

Any discussions on unit commitment outside of the Day Ahead Market must be predicated on
the unit parameters listed in Markets Gateway which include: notification/start-up time, min run
time, max run time, cost and price schedule.

* Natural gas generating units:

+ PJM Dispatch will notify the generator owner that the unit is required to be online and
ready to follow PJM Dispatch signals at XX:XXhrs on XX day for reliability. The unit
parameters and the offer will then be confirmed and the unit will be offer capped with the
schedule being ‘locked in’ as indicated in M-11. PJM Dispatch will inform the gen owner
to run for the greater of:
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Note:

0 The unit’s Min Run time OR
o The duration that PJM requires the unit to run for reliability reasons.

Generators committed under this procedure will be run for the hours scheduled,
assuming no reliability issues, and will be included in the Day Ahead Market as indicated
in PJM M-11.

The PJM OATT does not allow for stranded fuel recovery for any reason to include
forced outage, failure to meet start profiles, or decommited due to reliability issues.

o Non-natural gas generating units:

PJM Dispatch will notify the generator owner that the unit is required to be online and
ready to follow PJM Dispatch signals at XX:XXhrs on XXday for reliability. The unit
parameters and the offer will then be confirmed and the unit will be offer capped. PJM
Dispatch will NOT commit to run the unit longer than its Min Run time.

Generators committed under this procedure will be run for the hours scheduled and will
be included in the Day Ahead Market as indicated in PJM M-11.

o Note: The unit may also be cancelled at any time prior to coming on-line if system
conditions change. Costs will be recoverable as indicated in PJM M-11.

Since a Hot Weather Alert may only be issued on a portion of the PJM footprint, and since
PJM schedules and operates the footprint as a single Balancing Authority, PJM may elect not to
automatically place Resource Limited Units into the Maximum Emergency Category.

PJM Dispatch reports significant changes in the estimated operating reserve capacity.

PJM Dispatch cancels the alert, when appropriate.

PJM Member Actions:

Transmission/Generation dispatchers notify management of the alert.

Generation dispatchers update their unit parameters, including the Start-up and
Notification, Min Run Time, Max Run Time, Eco Min, Eco Max, etc. in Markets Gateway.

Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

Generation dispatchers with dual fuel determine whether alternate fuel will be made
available to PJM for dispatch. If made available, any known alternate fuel resource
limitations will be communicated via Markets Gateway as described in Section 6.4.

Generation dispatchers advise all generating stations and key personnel.
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+ Transmission/Generation dispatchers review plans to determine if any maintenance or
testing, scheduled or being performed, on any monitoring, control, transmission, or
generating equipment can be deferred or cancelled.

* Generation dispatchers report to PJM dispatcher all resource limited facilities as they
occur and update PJM dispatcher as appropriate and update the unit Max Run field in
Markets Gateway if less than 24 hours of runtime remaining.

* Generation dispatchers will update the “early return time” for any Planned generator
outages as indicated in PJM Manual for Pre-Scheduling Operations (M-10), Section 2.2.

3.5 Long Duration Extreme Events

To prepare for and operate through extreme events expected to last more than 72 hours, during
which wide-scale fuel disruptions may occur, PJM may extend the “Resource Limited Unit”
reporting requirement for generators to evaluate a timeframe beyond 72 hours, as needed. PJM
may also change the minimum run time requirements for Resource Limited Units to be placed
into the Maximum Emergency Category. Examples of long-duration extreme events with the
potential to cause wide-scale fuel disruptions include, but are not limited to:

« Extended Cold Weather

* Long-Duration Blizzard and/or Icing Conditions

* Wide-Area Flooding

+ Impacts of Extreme Weather (i.e Hurricane Damage) expected to last more than 72
hours

* Physical or Cyber Events

As the extreme event progresses, PJM dispatchers will continuously evaluate the condition,
assess system damage, and gauge the severity of fuel disruption. As conditions change, PJM
will update “Resource Limited Unit” reporting time-frame and minimum run time requirements
for units in the Maximum Emergency Category. For Resource Limitation Reporting requirements
please refer to Section 6.4 of this manual.

PJM Member Actions:

* Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

3.6 Inter RTO Natural Gas Coordination Procedure

PJM, ISO New England, and New York ISO rely on natural gas-fired generation resources for

a significant amount of their capacity. During periods of extremely cold weather, the natural gas
supply to gas-fired generators may become impacted due to the various demands placed on
the pipelines and the manner in which the generation owners may have contracted for their gas
transportation.
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During normal operations, and when extremely cold weather is expected in any or all parts
of the Northeast US, ISO New England, New York ISO, and PJM (the RTOs) will jointly act
to communicate with the interstate natural gas pipelines, and coordinate actions to be taken
to manage potential gas supply inadequacy situations as described in the Memorandum of
Understanding on Natural Gas & Electric Interdependency.

To facilitate this process, PJM has (1) developed a database of natural gas-fired generation on
its system, including its interstate pipeline supplier or LDC, connection point on the gas pipeline
system, and contract arrangements for gas supply and transmission; (2) a complete set of maps
of the interstate gas pipelines serving units on its system; and (3) a contact list for people at the
gas pipelines or LDC. This information will be shared among the RTOs and combined such that
each RTO has a complete set of information for facilities in the combined area.

The following actions are considered a part of normal operations; however, these procedures
are an essential step in cold weather operations.

PJM Actions

+ PJM will monitor weather conditions in the PJM area and identify forecast conditions
which could trigger the need for a Cold Weather Alert (see Cold Weather Alert above).

+ PJM will analyze and forecast the need for natural gas-fired resources, given forecast
weather conditions, and determine the need for invoking this procedure.

+ PJM will request a conference call with ISO New England and New York ISO to
request the invoking of the procedures. [The RTOs may decide to invoke the procedures
across the combined area or portions of the combined area.] Each RTO will share its
assessment of the need for its natural gas-fired resources.

* The RTOs will jointly communicate with the interstate pipelines. The communication will
include:

o High level summary of the expected electrical demand and capacity conditions in the
RTOs during the forecasted weather event.

o Expected need for the natural gas-fired generation.

o Contact information in each RTO for the interstate pipelines to obtain additional
information.

+ Each RTO will follow up individually with each of its interstate pipeline suppliers in its
respective area, requesting (1) the operational status of the pipeline, (2) the presence
or anticipation of any Operational Flow Orders (OFOs) or other emergency procedures,
and (3) an assessment of the pipelines ability to serve contracts for gas-fired generation
through the expected duration of the weather event.

» After the data collection effort with the pipelines, the RTOs will share the information
with each other, reconvene, and determine actions to be taken, based on the collective
assessment. Actions could include: (1) modification of the generation dispatch day-
ahead to account for expected unavailability of gas-fired generation; (2) limitation of
the granting of outages to maximize availability of generation resources; (3) adoption of
conservative operations actions intended to mitigate risks associated with gas system
contingencies or gas-fired generation unavailability.
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» After a course of action has been determined, it will be communicated to the PJM
System Operations Subcommittee.

PJM Member Actions

» Prior to the winter season, the gas-fired generation owners will be requested to provide
information on their facilities, above that requested of other generation owners. That
information will be considered confidential and only shared with the other RTOs for the
purpose of facilitating this process and communications with the pipeline companies.

* The gas-fired generation owners will be requested to provide any information that they
have relative to delivery limitations to their gas supply that they may have received from
their gas supplier or gas transmission provider.

* The gas-fired generation owners will be expected to comply with any special instructions
or emergency procedures that may be requested by PJM either via an SOS conference
call or ALL-CALL message during a severe weather event.

3.7 Thunderstorms and Tornados

If automatic reclosing schemes are not in service and a severe thunderstorm(s) exist in the
vicinity of a critical bulk power transmission facility, it is necessary to take action. When
thunderstorms are in the vicinity of the PJM RTO, automatic reclosing capability should be

in service for all EHV and critical 230 kV and above circuits. If tornadoes are reported in an
area, the failure of automatic reclosing to restore a transmission facility to service should be
interpreted as a more serious failure existing. The Transmission Owner will generally dispatch
a patrol of the line to ensure that the line can be safely returned to service or that additional
maintenance or repair activity needs to be done.

PJM Actions

+ PJM Dispatch requests that automatic reclosing capability be put in service on those
critical facilities. The Local Control Center at either end of a tie line or PJM Dispatch can
request that the reclosers be restored.

*  Where practical, PJM Dispatch requests that any maintenance and testing being
performed on any critical transmission generating, control, or monitoring equipment be
deferred or cancelled.

+ PJM Dispatch informs affected Members of any storms moving in their direction.

PJM Member Actions
+ Transmission dispatchers inform PJM dispatcher of any storms in their systems.

» Transmission dispatchers determine when reclosers are to be restored to service and
report this information to PJM dispatcher.

+ Transmission dispatchers place reclosers in service.

o Transmission dispatchers may elect to manually disable recloser on certain lines that
experience multiple re-close attempts during storms or other times during increased
likelihood of “non-self-clearing” faults. Transmission dispatchers may disable auto-
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reclose at their own discretion. However, Transmission dispatchers are required to
inform PJM when they disable auto-reclose on any transmission facilities.

3.8 Geo-Magnetic Disturbance (GMD) Operating Plan (EOP-010-1)

Geomagnetically-induced currents (GIC) caused by geo-magnetic disturbances (GMD) that
result from solar storms flow through the power system equipment and facilities may cause
increases in system reactive requirements, equipment damage, voltage drops, and disruption of
interconnected system operation.

Transmission Owners are not required to have GMD Operating Plans. However, TOs that do
have GMD Operating Plans are required to provide copies of those Plans to PJM, as indicted in
PJM’s Manual for Control Center and Data Exchange Requirements (M-01), Attachment B, and
are also required to coordinate any actions in their Plans with PJM prior to implementation.

3.8.1 GMD Warning
Geomagnetic Disturbance Warning

If the National Oceanic and Atmospheric Administration (NOAA) issues a warning or an alert for
a potential geo-magnetic storm of severity K7 or greater, PJM will provide notification via the
ALL-CALL system and Emergency Procedure application.

PJM Actions

* PJM Dispatch notifies members (Generation and Transmission) via the PJM ALL-CALL
of GMD warnings/alerts issued by the National Oceanic and Atmospheric Administration
(NOAA) via the RCIS and/or the NERC Hotline.

+ If GIC measurements exceed the associated GIC operating limit (in amperes) at one and
only one of the transformers monitored for GIC flow, PJM Dispatch confirms that this
measurement is a result of a severe geomagnetic storm by contacting the TO or GO in
order to verify that the readings are accurate.

PJM Member Actions

* Transmission/Generation dispatchers provide confirmation of measurement values as
requested by PJM Dispatch.

» Generation dispatchers provide as much advance notification as possible regarding
details of more restrictive plant procedures that may result in plant reductions to protect
equipment.

3.8.2 GMD Action
Geomagnetic Disturbance Action

When conditions warrant, the PJM dispatcher may take action as soon as necessary for a GMD
disturbance but must take action if conditions persist for 10 minutes.

If GIC measurements exceed the associated GIC operating limit (in amperes) at two or more
transformers monitored for GIC flow, PJM Dispatch contacts the TO(s) and GO(s) in order to
verify the readings are accurate and determine if excess MVAR exist at area transformers. PJM
also checks the NOAA GMD (http://www.swpc.noaa.gov/) to confirm if any storm warnings or
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alerts have been issued, but this confirmation is not required for implementation of procedures if
measurements are indicative of a geomagnetic disturbance.

Upon identification of a geomagnetic disturbance, PJM Dispatch declares a Geomagnetic
Disturbance Action and operates the system to geomagnetic disturbance (GMD) transfer limits.
The geomagnetic disturbance transfer limits are determined from studies modeling various
scenarios, including:

» partial or complete loss of Hydro Quebec Phase 2 DC line to Sandy Pond
* reduction or complete loss of generation at Artificial Island

» tripping of certain EHV capacitors

These studies are performed by PJM’s Operations Planning Division and Transmission Planning
department group on a seasonal basis and are updated for current conditions, as required,
when PJM Dispatch implements this procedure.

PJM Actions

+ PJM Dispatch notifies members (Generation and Transmission) and neighbors via
the PJM ALL-CALL, postings on selected PJM web-sties and the NERC RCIS of a
Geomagnetic Disturbance Action to mitigate the effects of GMD events on the system.
PJM dispatcher begins to operate the system to the geomagnetic disturbance transfer
limits.

+ To mitigate the effects of GMD events on the system, when the GMD transfer limit is
approached or exceeded, generation re-dispatch assignments are made in the most
effective areas to control this limit. PJM Dispatch also evaluates the impact of the
existing inter-area transfers and modifies the schedules that adversely affect the GMD
transfer limit. If insufficient generation is available to control this limit, the emergency
procedures contained in Section 2 of this Manual are implemented. If it appears that
these emergency procedures are required, an operations engineer is requested to
validate the GMD transfer limit and develop a voltage drop curve for the GMD transfer
limit contingency. Pre-contingency load shed will not be used to control transfers to the
GMD transfer limit.

+ After GIC measurements at all monitored transformers have fallen below the associated
GIC operating limit, PJM Dispatch continues to operate the system to the geomagnetic
disturbance transfer limits for a period of three hours. PJM Dispatch must again confirm
this measurement by contacting TOs and GOs. If the measurement values are confirmed
to remain below the GIC operating limits for three hours, members are notified that the
Geomagnetic Disturbance Action is cancelled. PJM Dispatch restores the appropriate
transfer limits for operation of the system.

PJM Member Actions

« Transmission/Generation dispatchers provide confirmation of measurement values as
requested by PJM Dispatch.

» Generation dispatchers provide as much advance notification as possible regarding
details of more restrictive plant procedures that may result in plant reductions to protect
equipment.
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* Upon notification of the implementation of this procedure, members that operate facilities
with instrumentation installed to record GIC neutral measurements at remote locations
dispatch personnel to ensure that measurement equipment working properly. Members
employing a MVAR summing algorithm method also initiate data collection at this time.

It is requested that any data collected during a geomagnetic storm be forwarded to PJM
for further analysis.

+ The member dispatchers report all actions to PJM Dispatch.

3.9 Assessing Gas Infrastructure Contingency Impacts on the Electric
System

Under certain system conditions or events affecting either the electric or gas infrastructure, PJM
will operate to reflect the impact of gas infrastructure contingencies on the PJM RTO due to their
potential impact on natural gas generators within the PJM footprint.

Electric system conditions that may result in the initiation of the gas infrastructure contingency
assessment process are:

e Cold or Hot Weather Alerts

» Capacity Emergency procedures

Similarly, gas infrastructure events impacting PJM gas generators that may result in the initiation
of the gas infrastructure contingency assessment process are:

* Pipeline Operational Flow Orders (OFOs)
» Significant pipeline maintenance outages
+ Significant force majeure events

» Credible cyber/physical threats to the gas infrastructure

Resulting from a coordinated effort with gas pipeline operators to assess gas pipeline
redundancy, a set of contingencies have been defined, which simulate the impact of gas
infrastructure component failures on PJM gas generators based on their pipeline connectivity.
Examples of these gas infrastructure contingencies are pipeline breaks or loss of critical pipeline
compressor stations resulting in gas pressure degradation, which would result in the loss of

the gas generators within a short period of time. PJM will initiate this procedure under peak
gas/electric system conditions that coincide with gas pipeline capacity limitations when potential
impact to the gas generators is most credible and severe.

The gas infrastructure contingency assessment involves analyzing the initiating conditions or
events to determine the applicable set of pre-defined gas infrastructure contingencies to be
studied Day-ahead and/or Real-time in the PUM EMS and coordinating with gas pipelines and
PJM Generation Owners/Operators to refine the EMS contingencies, accounting for current fuel
supply options for impacted generators. These contingencies will be refined to account for the
impact of firm service pipeline contracts on the impacted generators under non cyber/physical
threat scenarios.
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The detailed pre-defined gas infrastructure contingencies are documented in the CEIl portal,

which requires additional access for review.

PJM Actions:
* Monitor the electric and gas system conditions for initiating events.
» Initiate the assessment process in the event of:
o PJM issued Cold/Hot Weather Alerts or Capacity Emergency procedures.

0 Pipeline issued Operational Flow Orders (OFOs), significant pipeline maintenance
outages, or force majeure events.

o0 E-ISAC or G-ISAC communicated cyber/physical threats to gas infrastructure serving
PJM generators.

» Study the impact of pre-defined gas infrastructure contingencies. These contingencies
involve the loss of gas power plants supplied by critical compressor stations, pipeline
breaks, and local distribution centers (LDC).

o Determine whether contingencies cause thermal or voltage constraints exceeding
their Load Dump (LD) limits.

» If the pre-defined gas infrastructure contingency does result in thermal or voltage
constraints exceeding their Load Dump limits, coordinate with the impacted pipeline(s) to
confirm projected impact to affected PJM gas generators.

o Confirm status of critical compressor stations identified as limiting contingencies in
PJM analysis.

o Provide current details on redundancy of pipeline infrastructure that may mitigate
projected impacts to PJM gas generators.

* Notify PJM Members of credible gas pipeline contingency(s) being monitored by PJM via
PJM Emergency Procedures application.

+ Coordinate with impacted generators with alternate gas pipeline connections or alternate
fuel capability to mitigate projected impact to the electric system.

0 Request generator(s) to be prepared to switch to their alternate pipeline or to
alternate fuel on a post-contingency basis.

Note:

1- Under cyber/physical threat conditions, PJM will discuss the identified threat conditions
and resultant fuel supply risk with the generation owner and will request notification from the
generation owner if they will be taking any voluntary pre-contingency actions to mitigate these
fuels supply risks.

* Modify EMS contingencies for Real-time Operations based on the assessment. For
these contingencies:
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o Monitor and control thermal and voltage constraints to their Load Dump limits using
transmission line and capacitor switching, and economic generation re-dispatch as
needed

o Carry additional reserves to mitigate deficit between 30 minute reserves and
contingency generation loss as needed.

- In day-ahead commitment, schedule additional resources to cover deficit in day-
ahead scheduled reserves.

- In real-time conditions, clear additional synchronized resources to cover deficit in
real-time operating reserves.

o PJM Dispatch will determine the eligibility of resources that are part of the
contingency to provide reserves depending on the severity of the contingency and
other system conditions in order to ensure system reliability is maintained.

* Notify PJM Members of credible gas pipeline contingency(s) being monitored by PJM via
PJM Emergency Procedures application.

Note:

Given that generation loss from a gas infrastructure contingency is seldom instantaneous, and
that there will be sufficient time post-contingency to implement PJM Emergency Procedures,
PJM will only re-dispatch economic generation, and not implement PJM Emergency Procedures
to control gas-pipeline contingencies to within the transmission facility load dump limits.

PJM Generator Owner/Operator Actions:

» Coordinate with PJM to confirm alternate gas pipeline supply options, and/or ability to
operate on secondary fuel and transition time in order to mitigate projected impact to the
electric system.

* Notify PJM if voluntary pre-contingency fuel switching will be implemented.

PJM Transmission Owner Actions:

* Implement requested switching of transmission lines or voltage control devices upon
PJM’s request for constraint control.
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Section 4: Sabotage/Terrorism Emergencies

This is the Sabotage/Terrorism Emergencies section. Sabotage reporting should be conducted
in accordance with EOP-004. In this section, you will find the following information:

* A description of the conditions that warrant conservative operation (see "General
Conditions").

* Anunderstanding of actions that PJM may take in the event of these potential and/or
realized manmade threats.

» Centralize information related to preparing and responding to man-made threats/attacks.

This section is not intended to be any of the following:

+ Afixed blueprint for action — the very nature of a crisis requires a tailored solution. Even
if such a solution existed, it would not be printed in this public document.

» The definitive guide for PJM’s members to determine what physical or cyber security
measures they should take to protect their assets. The focus of this section is upon
power system operations and communications.

PJM Sabotage Definition:

PJM defines sabotage as deliberate or planned disturbances and events that could potentially
threaten the reliability of the Bulk Electric System (BES) or lead to cascading outages. Such
disturbances and events include, but are not limited to, the following:

* Any physical threat that could impact the operability of a set of electrical equipment that
operate as a single BES element.

* Any unauthorized addition or modification of software or data intended to disrupt the
proper operation of cyber assets.

* Sudden loss of BES situation awareness.

» Suspected malicious cyber events that result in actual or potential intrusion to a PJM
critical computer or PJM telecom system.

» Suspected malicious physical events that cause damage to PJM facilities.

» Suspected malicious physical or cyber events that cause transmission outages, loss of
generation, loss of load, damage to facilities.

» Threats received to PJM and its members Facilities (e.g. bomb, mail, telephone).

4.1 General Conditions

As a result of man-made threats, the need may exist to operate the PJM RTO more
conservatively (i.e., operate some margin away from the reactive transfer limit or some margin
away from the post-contingency flow value) than in normal conditions.

Examples of conditions warranting possible conservative operations include:

Revision: 78, Effective Date: BiSiiaaat01/27/2021 PJM © 2021 74



A1

PJM Manual 13: Emergency Operations
Section 4: Sabotage/Terrorism Emergencies

» Terrorist threats and/or attacks upon the transmission system and related infrastructures
(i.e., Telecom, Fuel, Transportation)

+ Intelligence from the Federal Government or other credible sources (i.e., DOE, DHS,
Reliability Authority, PJM Member)

» Suspicious events on either PJM or neighboring systems

+ Other system conditions or outages with unknown causes

The significant triggers for PJM action during crisis will be the Homeland Security Threat Levels
and Threat Advisories. However, if PJM becomes aware of a possible threat before any one

of these triggers (e.g., PJM sees a significant terrorist attack on CNN) PJM may decide to act
before any such alerts. Each of these alerts is further explained in the attached appendices.

This section of the manual will address possible PJM conservative operations in the event of a
man-made threat to the bulk power grid and/or other significant infrastructures.

The tailored response to any of these triggers will include a multi-faceted plan to safeguard
personnel and maintain reliable operations. The facets of this response include power system
operations, communications, cyber security, and physical security. The emphasis of this section
is upon the Operations and Communications measures that may be taken based upon the
threat and intelligence.

As PJM progresses into ever increasing alert levels the actions of the higher level include the
actions of the lower levels such that when the highest alert level is issued, PJM may have
implemented all actions for prior threat levels. Given the ability for the Department of Homeland
Security (DHS) to issue alerts out of sequence, the order that the steps are presented does not
mandate a set implementation plan.

The DHS has revised the threat level system in order to simplify the threat notification process.
The new system which is referred to as the National Terrorism Advisory System (NTAS) consists
of the following two alerts:

* Imminent Threat Alert: warns of a credible, specific, and impending terrorist threat
against the United States.

* Elevated Threat Alert: warns of a credible terrorist threat against the United States.
NTAS alerts also include a sunset provision which provides a specific end date for each alert
while also allowing for extensions when new information or threats occur.

For an NTAS Elevated Threat Alert, or if suspicious activity is reported by an adjacent system,
potential PJM and Member actions include:

PJM Actions:
+ Communicate credible threats over ALL-CALL
+ PJM will pass along credible/actionable intelligence to affected members
+ PJM will remind all operators to maintain vigilance and reporting

+ Maintenance Outages Analyzed — additional coordination with TO/GO to confirm
emergency return times, if necessary
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PJM Reliability Engineer will analyze Maximum Credible Contingencies

PJM will analyze Hydro Schedules for possible interruption to increase Black Start
capability

If necessary, PJM will Initiate Black Start Assessment— to determine fuel limitations
PJM will perform Satellite Phone Checks (daily upon initiation and weekly thereafter)

Enhance Voice Communications Security (Operators who do not recognize another
operator, should call back to the entity or organizations should have a password to
validate directives)

As needed PJM conducts Conference Calls with Generation Owners and Transmission
Owners — no exchange of market sensitive data permitted

PJM conducts SOS meetings and conference calls, as needed, to review crisis response
posture

PJM staffs an Incident Response Team [to coordinate physical security measures, media
responses, and communications to PJM staff not on site]

If an attack occurs, PJM will immediately notify members via the ALL-CALL (identify any
immediate actions and a conference call time)

PJM Member Actions:

Maintain a high level of vigilance and reporting
All operations centers should review reporting requirements/process
Participate in PJM hosted GO, TO, and SOS conference calls

Members should consider limited, or full, activation of their organization’s emergency
preparedness action plans

If the NTAS issues an Imminent Threat Alert, refer to Section 4.3: physical threats for
necessary actions.

4.2 Communications Plan

The following outlines the manner in which communications will flow from the Federal
Government to PJM and other Reliability Coordinators as well as between PJM and its
members. Timely and clear communications between PJM and its Members, in both directions,
is a key to the successful management of any suspected or actual crisis.

The Electric Sector — Information Sharing and Analysis Center (ES-ISAC) receives
information from a US or Canadian Federal Agency, a Reliability Coordinator, an ES
Entity (e.g. Region, Control Area, Purchasing Selling Entity, other), another Sector ISAC,
or — potentially - outside the Sector. The ES-ISAC will review the information (which may
be classified).

If the information is specific and has any credibility at all, the ES-ISAC will contact the
involved Entity directly (this may be the Reliability Coordinator of the Entity, depending
upon contact information. If any PJM member company operator has been contacted
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by ES-ISAC or the information is releasable immediately, contact appropriate parties
in the Interconnection in the event of sabotage to include the PJM Shift Supervisor at
610-666-8806.

* Inthe event a PJM member company operator has received or observed a sabotage
event, contact the PJM Shift Supervisor at 610-666-8806.

+ PJM and its members should evaluate threat information and share indicators of
potential cyber or physical attacks with the E-ISAC. When feasible according to
Member’s internal policies, information that requires timely dissemination to maintain
the reliability of the Bulk Electric System should be posted to “E-ISAC AOO Members”
on the E-ISAC portal to allow immediate distribution to asset owners and operators.

* PJM will communicate the information to other Reliability Coordinators, via RCIS as
appropriate.

+ If the information is urgent or time sensitive, the information will be passed to the
personnel on the call, and a Reliability Coordinator conference call will be requested (the
on-duty personnel will alert the call participants). PJM will rapidly assess the information
and pass the information to its members via the ALL-CALL for urgent/time sensitive
information or via SOS conference calls or e-mail if the information is of a general/non-
actionable nature.

+ The ES-ISAC will notify other Electricity Sector Entities (including the EEI Security
Committee, APPA, EEI, EPSA, NEI, NRECA, and CEA) as appropriate; no information
shared by Reliability Coordinators will be passed on without approval.

* Any information shared in this manner will be noted as to any restrictions on further
distribution. No information shared is to be delivered to the public media.

4.3 Physical Threats

As a result of physical threats, the need may exist to operate the PJM RTO more conservatively
(i.9., operate some margin away from the reactive transfer limit or some margin away from the
post-contingency limit) than in normal conditions.

Examples of conditions warranting possible conservative operations include:

* National Terrorism Advisory System (NTAS) Alert: Imminent Threat Level

* Intelligence of an impending attack on a PJM facility

» Significant terrorist activity beyond the East Coast (situational dependent)

+ Physical attack at multiple sites (control center or grid assets-lines, substations,

generators)

This section of the manual will address possible PJM conservative operations in the event of a
man-made threat to the bulk power grid and/or other significant infrastructures.

The tailored response to any of these triggers will include a multi-faceted plan to safeguard
personnel and maintain reliable operations. The facets of this response include power system
operations, communications, cyber security, and physical security. The emphasis of this section
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is upon the Operations and Communications measures that may be taken based upon the
threat and intelligence.

PJM Actions:

Communicate threat over ALL-CALL

Operate to more conservative modeling measures which may include double
contingencies, maximum credible disturbances, or lower reactive transfer limits

Increase available 30 Minute Reserves

Cancel maintenance outages in the impacted area, and attempt to return outaged
equipment to service. [Consider invoking a “no touch” maintenance stance]

Consider staffing selected substations for communications

Consider staffing combustion turbine sites

Increase Synchronized Reserve

Obtain emergency energy bids as a precaution

Initiate Black Start Assessment to determine fuel limitations

Consider staffing critical Black Start units

PJM recommends enhanced physical security at critical substations.

Institute daily conference call, as necessary, with GOs and TOs to assess posture
PJM Dispatchers will alert PJM’s Operations Emergency Response Team (OERT)
PJM maintains 24 hour Operations management presence

Consider providing instructions to units to operate within a given set of parameters if
communication is lost

PJM will not post emergency actions on its Emergency Procedures website

PJM will reassess the level of allowable communications that is acceptable between
Generators and Transmission Owners in order to facilitate necessary communications

PJM Member Actions

Transmission/Generation dispatchers notify management of the declaration.

Transmission/Generation dispatchers consider activating their emergency preparedness
plans per their internal procedures.

Transmission/Generation dispatchers respond, as required, to specific requests and
directions of PJM dispatcher.

Transmission/Generation dispatchers staff Back-Up Control Centers (BUCC), as
necessary

Transmission dispatchers consider enhancing security at critical substation via the
entities' own procedures and processes

Transmission dispatchers consider staffing selected substations for communications
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+ If directed by PJM, Generator Operators staff critical combustion turbine sites identified
by PJM

+ If directed by PJM, Generator Operators staff critical Black Start units

4.4 Cyber Threats against PJM

PJM performs constant cyber security monitoring to ensure PJM cyber assets maintain reliable
operations. If the Security Monitoring Team determines there is a credible cyber threat that
could impact operations:

PJM Actions:
* PJM Cyber Security Incident Response Team (CSIRT) notifies PJM Incident Response
Team

* PJM Incident Response Team (IRT) will meet to determine which systems are impacted
* IRT will contact PJM Dispatch Shift Supervisor with impacts to operations
+ Conservative Operations will be triggered by PJM Shift Supervisor as necessary

+  PJM will notify members of impacted systems and necessary actions via the All-Call

4.4.1 Loss or Degradation of ICCP or EMS Capabilities:
For a cyber event that has (or imminently will) shut down PJM control center ICCP or EMS
capability:

PJM Actions:
» Communicate threat over ALL-CALL
* PJM dispatchers will begin Manual Dispatch procedure per Manual 1, section 3.8.2

» Operate to more conservative modeling measures which may include double
contingencies, maximum credible disturbances, or lower reactive transfer limits

* Increase Available 30-Minute Reserves

» Cancel Maintenance Outages — [Consider invoking a “no touch” maintenance stance]
» Consider staffing selected substations for communications

» Consider staffing combustion turbine sites

* Increase Synchronized Reserve

+ Obtain emergency energy bids as a precaution

+ Initiate Black Start Assessment to determine fuel limitations

* Consider staffing critical Black Start units

» Institute daily conference call, as necessary, with GOs and TOs to assess posture

* PJM maintains 24 hour Operations management presence

« Staff additional Master Dispatcher/Generation Dispatcher on shift 24x7 to assist with
communication
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» Consider providing instructions to units to operate within a given set of parameters if
communication is lost

+  PJM will not post emergency actions on its Emergency Procedures website

+ PJM will reassess the level of allowable communications that is acceptable between
Generators and Transmission Owners in order to facilitate necessary communications

+ PJM will provide updates to members with regard to the severity of the situation, and the
expected time until the situation is remediated.
PJM Member Actions
* Transmission/Generation dispatchers notify management of the declaration

» Transmission/Generation dispatchers consider activating their emergency preparedness
plans per their internal procedures

» Transmission/Generation dispatchers respond, as required, to specific requests and
directions of PJM dispatcher

+ Transmission/Generation dispatchers will follow PJM’s Manual Dispatch procedure per
Manual 1, section 3.8.2

» Transmission/Generation dispatchers staff Back-Up Control Centers (BUCC), as
necessary

+ Transmission dispatchers consider staffing selected substations for communications

+ If directed by PJM, Generator Operators staff critical combustion turbine sites identified
by PJM

+ If directed by PJM, Generator Operators staff Critical Black Start Units

4.4.2 Loss of Internet:
For a cyber event that has (or imminently will) shut down all PJM control center internet
capabilities:

PJM Actions:
» Communicate threat over ALL-CALL
* PJM dispatchers manually update PJM databases with critical, near term information.

» Staff an additional Master Dispatcher/Generation Dispatcher on shift to assist with
communication

+ PJM will provide updates to members with regard to the severity of the situation, and the
expected time until the situation is remediated.

PJM Member Actions:

* Transmission/Generation dispatchers will call into PJM to provide critical near term
system updates, including transmission facility outages, generation outages, generator
parameter updates, and Ancillary Service changes.
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4.4.3 Loss of all telecommunications:
PJM has multiple levels of redundancy for voice telecommunications. However in the event of a
loss of ALL telecommunications, including Internet, ICCP, and all voice communications:

PJM Actions

*  PJM will work with telecom companies and to establish communication to Transmission
Owners and Generation Owners

PJM Member Actions:

* Generation/Transmission Owners should have readily available and continuously check
back-up voice communication systems for PJM communication, including Business
Voice System, Cellular Telephones, and Satellite Telephones (See Manual 1, Section
4 for Voice Communication requirements)

* Transmission Owners should check communication capability with Generation Owners
in their area and with neighboring Transmission Owners to verify extent of outage
and attempt to re-establish communications with PJM through Generation Owners or
neighboring Transmission Owners

* Generation Owners should check communication capability with their area’s
Transmission Owners to verify extent of outage and attempt to re-establish
communications with PJM through area’s Transmission Owner

+ If communications cannot be re-established to PJM, Generation Owners should follow
NERC Reliability Guideline, Generating Unit Operations During Complete Loss of
Communications v3.0, until communication is re-established with PJM

4.5 Cyber Threats against Member

This section will discuss operations and communication protocols for cyber threats to PJM’s
member companies that also impact PJM operations. Two types of cyber threats will be
addressed:

+ Consistent Bad or “Altered” data exchange with PJM EMS

« Transmission or Generation asset(s) operated by an unauthorized entity with malicious
intent. Suspected malicious cyber events that cause transmission outages, loss of
generation, loss of load, damage to facilities.

4.5.1 Bad Data Exchange with Member

PJM’s EMS relies on data exchange with PJM member Transmission Owner and Generation
Owner companies. If a PJM member company experiences a cyber event that impacts the
accuracy or quality of data exchanged with PJMs EMS to a point where PJM’s EMS accuracy is
unacceptable (i.e. State Estimator cannot solve, State Estimator solution is questionable across
widespread area) the following actions shall be taken:

PJM Actions:
+ PJM Dispatcher verifies the accuracy of the EMS results.

+ PJM Dispatcher attempts to resolve inaccurate EMS results by troubleshooting data
inputs and manually overriding incorrect device statuses, tuning parameters, etc.
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PJM Dispatcher notifies support personnel and PJM Incident Response Team (IRT).
If appropriate, PJM Dispatcher switches to alternate data sources or EMS.
If data quality issues still cannot be resolved, PJM will disable the member’s data link

o PJM will overwrite bad data exchange from member company with corresponding
data from the most recent solved State Estimator solution that is verified as accurate.

PJM Dispatcher notifies companies via the All-Call of PJM’s EMS status.

PJM Dispatch notifies Transmission Owners and external systems via RCIS if unable to
monitor system via alternate EMS.

PJM Shift Supervisor will trigger Conservative Operations as necessary.
Consider staffing selected substations for communications

PJM returns to normal operations when appropriate

PJM Member Actions:

If a Transmission Owner or Generation Owner questions the accuracy of data
exchanged with PJM’s EMS, they will notify PJM dispatchers immediately

Affected PUM Member’s will cooperate with PJM dispatchers, PJM support personnel,
and PJM Incident Response Team to resolve the issue.

Transmission dispatchers consider staffing selected substations for communications

Member will provide updates to PJM with regard to the severity of the situation, and the
expected time until the situation is remediated.

4.5.2 Unauthorized Remote Operation of BES Asset

There is also a risk that a Transmission Owner or Generation Owner has an asset operated by
an unauthorized entity for malicious intent. This includes any malicious cyber events that cause
transmission outages, loss of generation, loss of load, damage to facilities, such as:

Opening and/or closing a circuit breaker or other switching device

Energizing and/or removing from service a line, transformer, or other BES facility
Unauthorized changes to protective relay settings of a BES facility

Shutting down or tripping a generator remotely

Given an unexpected suspicious operation of a system asset, PJM will work with the
Transmission/Generation owner to verify that a malicious cyber event has occurred, mitigate
BES system risks of additional unauthorized operations, and resolve the threat with the member
company.

PJM Actions:

PJM Dispatcher confirms with affected Transmission/Generation asset owner that the
remote operation of the asset was initiated by an unauthorized entity.

PJM Dispatchers will alert PJM’s Operations Emergency Response Team (OERT) to
determine the best operational strategy
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« PJM Shift Supervisor will trigger Conservative Operations as necessary.

+ PJM Dispatchers will cancel Maintenance Outages in the impacted area — attempt
to return outaged equipment to service. [Consider invoking a “no touch” maintenance
stance]

+  PJM will initiate a SOS-T conference to communicate threat and operational response
plan, as determined by the OERT, with Transmission Owners.

» Initiate Black Start Assessment to determine fuel limitations

» Consider staffing Critical Black Start Units

+ PJM Dispatchers will notify the PJM Incident Response Team
+ PJM Dispatchers notify external systems via RCIS

+ PJM Dispatchers notify all other companies via the All-Call

PJM Member Actions:

» Transmission and Generation Owners shall report any unauthorized operation of BES
facilities to PJM dispatchers

» Transmission / Generation dispatchers respond, as required, to specific requests and
directions of PJM dispatcher.

+ If directed by PJM, Generator Operators staff Critical Black Start Units

» Member will provide updates to PJM with regard to the severity of the situation, and the
expected time until the situation is remediated.

» After the cyber threat has been resolved, and consistent with the member company’s
cyber response procedures, the affected member company will identify its affected/
potentially affected BES facilities, and verify protective relay settings of those affected/
potentially affected BES facilities

4.6 High-Altitude Electromagnetic Pulse

A high-altitude Nuclear Weapon detonation above PJMs footprint has the potential to create

an Electromagnetic Pulse (EMP) that would have detrimental impact to the BES. This resultant
High-Altitude Electromagnetic Pulse (HEMP) consists of 3 types of pulses in the following order:
E1 pulse, E2 pulse, and E3 pulse. These pulse components differ in duration and magnitude,
causing varying effects on different electrical devices:

* E1 pulse - expected to happen quickly, damaging small electrical components and
disabling protective relaying, monitoring equipment, and communication devices.

* E2 pulse - effects on power system component are negligible.

* E3 pulse - causes high-magnitude GMD-like effects across a wide-spread area for
4-5 minutes. This would cause hot-spots on power transformers and greater reactive
consumption, increasing the risk of equipment failure and possible voltage collapse.

The dual threat to communication devices and overall system voltage stability amplifies the
negative effects of HEMP on PJMs ability to monitor and operate the BES system. While this
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is considered a High-Impact Low-Frequency (HILF) event, PJM believes that the multifaceted,
wide-area, extreme impacts of an HEMP event on the BES system warrant having an action
plan for PJM operations.

PJM does NOT expect there to be a sufficient amount time before an HEMP event to
communicate a credible threat warning to members and/or position the system to withstand
such an event. So PJM’s response plan assumes that no sufficient warning would be provided.
This plan outline is:

1. Re-Establish Communication with Members

2. Assess System Damage

3. Prepare for Black Start if necessary
The biggest challenge expected after a HEMP event is the potential complete loss of
communications without prior warning. To mitigate this risk, PJM members are strongly

encouraged to store back-up satellite phones in shielded bags when not in use. PJM will work
with telecom companies to restore verbal and data communications to member companies.

PJM Actions:

* PJM Dispatchers will test all communication methods, both verbal and data, to evaluate
communication capabilities with members, neighboring entities, and governmental
authorities.

+ PJM Dispatchers will alert PdM’s Operations Emergency Response Team (OERT)
* PJM Dispatchers will alert PdM’s Incident Response Team (IRT)

* PJM maintains 24 hour Operations Management Presence

* PJM staffs additional Dispatchers on shift 24x7 to assist with communication

+ PJM Dispatchers will gather operational information from Generation/Transmission
Owners, including:

o Damage to BES Transmission Facilities and Generators
Load lost
Monitoring/control capabilities

Communication capabilities

O O O o

Protective relaying damage
o Black Start generator unit status and cranking path damage.

+ PJM Dispatchers will communicate system status to members and the public, then take
the corresponding actions:

0 Minimal HEMP Impacts — Operate under Conservative Operations
o Interconnection Stable — Begin Restoration of isolated parts of system

o Blackout — Coordinate Black Start efforts with Transmission Owners and Generation
Owners
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PJM Member Actions:

Generation/Transmission Owners should have readily available and continuously check
back-up voice communication systems for PdJM communication, including Business
Voice System, Cellular Telephones, and Satellite Telephones (See Manual 1, Section

4 for Voice Communication requirements).

If all normal communication means with PJM are interrupted, Transmission Owners
should check communication capability with Generation Operators in their area and with
neighboring Transmission Owners to verify extent of outage and attempt to re-establish
communications with PJM through Generation Owners or neighboring Transmission
Owners.

If all normal communication means with PJM are interrupted, Generation Owners
should check communication capability with their area’s Transmission Owners to verify
extent of outage and attempt to re-establish communications with PJM through area’s
Transmission Owners.

Transmission Owners should gather the following information about their system and be
prepared to report to PJM when communication is re-established:

Damage to BES Transmission Facilities
Load lost

Monitoring/control capabilities
Communication capabilities

Protective relaying damage

Cranking Path Status

Generation Owners should gather the following information about their units and be
prepared to report to PJM when communication is re-established:

O O O O o o

Damage to Generators
Monitoring/control capabilities
Communication capabilities
Protective relaying damage
Black Start Unit Status

Generator Operators should staff Critical Black Start Units

O O O O O
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Section 5: Transmission Security Emergencies

Welcome to the Transmission Security Emergencies section of the PJM Manual for
Emergency Operations. In this section, you will find the following information:

*  How PJM anticipates/responds to potential Heavy Load/Low Voltage conditions

*+  How PJM implements Capacity Related Emergency Procedures to control Transmission
Constraints.

* An explanation of the use of the Post Contingency Local Load Relief Warning to alert
local control center operators of the potential need to perform local load shedding due to
the lack of any other available load relief options.

*  How PJM uses the NERC Transmission Loading Relief procedure to reduce loadings.

+  PJM s responsible for determining and declaring that an Emergency is expected to
exist, exists or has ceased to exist in any part of the PJM RTO or in any other
Control Area that is interconnected directly or indirectly with PJM RTO. PJM directs
the operations of the PJM Members as necessary to manage, allocate, or alleviate an
emergency. These actions are consistent with NERC and RFC EOP standards.

* In accordance with EOP-011 R5, if PJM receives an Emergency notification from
a Transmission Operator within the RTO, PJM will notify within 30-minutes other
Transmission Operators within the RTO and neighboring Reliability Coordinators via
All-Call and RCIS postings.

Note:

This section of the manual is intended to supplement PJM’s Transmission Operations Manual
(M-03), Section 2: Thermal Operation Guidelines and Section 3: Voltage and Stability Operating
Guidelines. M-03 specifies corrective actions for actual and post-contingency simulated loadings
and associates targeted time to correct. Section 5 of this manual specifies in which emergency
procedures would be issued.

5.1 Heavy Load, Low Voltage Conditions

The following may be used to supplement other existing procedures when system loads are
heavy and bulk power voltage levels are, on an anticipated or actual basis, at or approaching
voltage limits. These procedures consist of the following:

* Low Voltage Alert
* Heavy Load Voltage Schedule Warning
* Heavy Load Voltage Schedule Action

5.1.1 Low Voltage Alert

The purpose of the Low Voltage Alert is to heighten awareness, increase planning, analysis,
and preparation efforts when heavy loads and low voltages are anticipated in upcoming
operating periods. PJM will issue this alert to members (Generation and Transmission) when
projections show these conditions are expected. This Alert can be issued for the entire PJM
RTO, specific Control Zone(s) or a subset of Control Zone(s).
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PJM Actions

+ PJM will conduct power flow analysis of the impact of future load and transfer increases
upon the PJM system. Using this forward analysis, evaluation and planning will take
place; including ensuring any reasonable necessary off-cost generation is ready to
respond to anticipated transfer constraints. In this evaluation, consideration will also be
given to changing the Reactive Transfer back-off limit from its normal value of 50 MW to
300 MW (interface dependent). If the decision is made to implement this measure, PJM
will continually reassess the impact of this change on operations.

+ PJM will review generation and transmission outages (internal and external) and their
impact on projected voltage problems.

+ PJM will assess the impact of transfers and be prepared to rapidly identify any
curtailable transactions that are adversely impacting reactive transfer limits.

» Using the NERC Interchange Distribution Calculator (IDC), PJM will assess the impact
of parallel flows on its own facilities and transfer limits. If these flows are seen to
be significant, PJM will be prepared, prior to shedding load, to invoke the NERC
Transmission Loading Relief (TLR) process to provide relief from these parallel flows.

*  PJM will monitor overuse of the 5018 line between NYISO and PJM.

+ PJM will enhance reactive reporting from members by requesting a Reactive Reserve
Check. (Also see the PJM Manual for Generator Operational Requirements (M14D),
Attachment D: PJM Generating Unit Reactive Capability Curve Specification and
Reporting Procedures.)

* PJM will enhance communications among SOS Transmission members via SOS
conference calls to discuss the status of critical equipment, voltage trends, and possible
corrective actions.

* PJM Dispatch cancels the alert, when appropriate.

PJM Member Actions

» Transmission/Generation dispatchers notify their management and advise all stations
and key personnel.

+ Transmission/Generation dispatchers ensure that all deferrable maintenance or testing
affecting capacity or critical transmission is halted. Any monitoring or control
maintenance work that may impact operation of the system is halted.

Transmission dispatchers to respond to Reactive Reserve Check by checking status and
availability of all critical reactive resources. This includes polling generating stations of

their reactive capabilities and the status of automatic voltage regulators. Any deviations

or deficiencies of any equipment’s reactive capabilities from what is modeled in the PJM
EMS must be reported to PJM Power Dispatch. (Also see Attachment D, PJM Generating
Unit Reactive Capability Curve Specification and Reporting Procedures in PJM’s Manual for
Generator Operational Requirements (M-14D).

5.1.2 Heavy Load Voltage Schedule Warning
A Heavy Load Voltage Schedule Warning is issued to members via the ALL-CALL system
(Generation and Transmission) to request members to prepare for maximum support of voltages
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on the bulk power system. This Warning can be issued for entire PJM RTO, specific Control
Zone(s) or a subset of Control Zone(s).

PJM Actions

* Four hours prior to requesting the actual implementation of the Heavy Load Voltage
Schedule, PJM may give advance notice to members of the upcoming need for this
schedule. At that time, impacted members will be requested to verify that all actions
have been taken on the distribution and sub-transmission systems to support the voltage
at the EHV level.

+ PJM dispatcher cancels the Heavy Load Voltage Schedule Warning, when appropriate.

PJM Member Actions

* While observing established limits, impacted transmission dispatchers should ensure
that where possible, all underlying reactors are out of service, all capacitors on
the underlying system are in service, and transformer taps are adjusted to ensure
distribution capacitors are in-service.

» Generation dispatchers should ensure all unit voltage regulators are in service.

5.1.3 Heavy Load Voltage Schedule Action

A Heavy Load Voltage Schedule is issued to members (Generation and Transmission) at peak
load periods via the ALL-CALL system to request maximum support of voltages on the bulk
power system and increase reactive reserves at the EHV level. This Action can be issued for
entire PJM RTO, specific Control Zone(s) or a subset of Control Zone(s).

PJM Actions

* At peak load period, request all companies implement the Heavy Load Voltage Schedule
via the ALL-CALL system.

+ PJM Dispatch cancels the Heavy Load Voltage Schedule, when appropriate.

PJM Member Actions

* While observing established limits, impacted transmission dispatchers should ensure
that where possible, all reactors are out of service, all capacitors on the underlying
system are in service, capacitors at the EHV level with PLC’s are in service where
required.

* Generation dispatchers should ensure all unit voltage regulators are in service.

* Impacted Transmission/Generation dispatchers should ensure all units on the 230kV
system and below should increase MVAR output as necessary to maintain designated
bus voltage schedules or nominal voltage, whichever is greater. Voltage levels should be
maintained within predetermined limits at all times. Results of real-time monitoring tools
shall be used by PJM and the LCC'’s, to maintain sufficient reactive reserves on these
systems to ensure operations within established operating criteria. When Real-time
monitoring tools are unavailable, PJM in coordination with LCC’s, may need to commit
additional local resources to ensure sufficient local reactive reserves are available for
contingency response.
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* Impacted Transmission / Generation dispatchers should ensure all units connected
at the EHV level are operated so that reasonable MVAR reserve is maintained as
determined by real-time monitoring tools or good engineering judgment. Reactive moves
on these units should be coordinated through the PJM Power Dispatcher.

* Transmission / Generation dispatchers should keep the PJM Power Dispatcher informed
of any units approaching maximum MVAR output, any abnormal unit MVAR restrictions,
and any voltage regulators that are out of service.

5.2 Transmission Security Emergency Procedures

PJM is responsible for implementing selected Emergency Procedures identified in Section 2 in
order to control transmission loading to ensure continued reliable operations. These Emergency
Procedures are separated into Alerts, Warnings, Actions and are called on a portion of the PJM
RTO (Control Zone, Transmission Zone(s) or portion of a Transmission Zone). Alerts are issued
day-ahead. Warnings and Actions are implemented real-time. PJM and PJM Member Actions in
response to the Emergency Procedure should be implemented consistent with Section 2 of this
manual.

Unit Startup Notification Alert

The purpose of the Unit Startup Notification Alert is to alert members to place units in state of
readiness so they can be brought online within 48 hours for an anticipated shortage of operating
capacity, stability issues or constrained operations for future periods. It is implemented when

a reliability assessment determines that long lead time generation is needed for future periods
and can be issued for the RTO, specific Control Zone(s) or individual unit basis. The Unit
Startup Notification Alert is issued so that units can be ready to come online in 48 hours or less,
based on the lesser of submitted notification time + startup time or 6 days. After reaching the
state of readiness, if a unit fails to come online within 48 hours when called by PJM, the unit will
be considered as forced outage until it can be online or PJM cancels the unit.

PJM Actions
+ PJM Dispatch notifies PJM management and members.

+ PJM Dispatch issues the Alert to members, stating the Alert period(s) and the affected
areas. An Alert can be issued for the RTO, specific Control Zone(s) or individual unit
basis on the projected location of transmission constraints and should be issued as soon
as practicable (typically 6 days or less) prior to the anticipated need for long time to start
generation.

+ PJM will schedule an amount of long lead time generation anticipated to be needed for
the operating day(s) in economic order respecting unit operating parameters. Once a
generator is scheduled its offer price is locked for the operating day.

+ PJM Dispatch will evaluate system conditions daily to determine whether to release units
from the Alert, to keep the units in the state of readiness or to call the units online.

+ PJM Dispatch cancels the Alert, when appropriate.

PJM Member Actions

+ Transmission / Generation dispatchers notify management of the Alert.
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+ Transmission / Generation dispatchers advise all stations and key personnel.

* Generation dispatchers orders unit(s) to be in the state of readiness (i.e. able to be
online within 48 hours) in the lesser of (submitted notification time + startup time or 6
days) minus 48 hours.

* Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

t=-6 days Unit t=-2 days Unit isin the
Startup “state of readiness” and t=0 Earliest unit is
Motification Alert t=-4 may be called to come expected to be online if
Issued days online < 48 hours called on
t=5 t=-3 t=-24
days days hours

Day-Ahead Transmission Security Emergency Procedures
Maximum Generation Emergency/ Load Management Alert (for Transmission Security)

The purpose of the Maximum Generation Emergency / Load Management Alert for
Transmission Security is to provide an early alert that Security Analysis projections indicate the
need for generation in excess of economics to ensure Transmission Reliability. It is implemented
when Maximum Emergency generation is called into the operating capacity on a portion of the
PJM System or if Demand Response is projected to be implemented to ensure Transmission
Reliability.

Triggers:

PJM Day-ahead Study analysis identifies Transmission Reliability issues that cannot be
resolved via economic generation adjustments.

PJM Actions
+ PJM Dispatch notifies PJM management and members.
+ PJM Dispatch issues the Alert to members, stating the Alert period(s) and the affected
areas. An Alert can be issued for the RTO or specific Control Zone(s).
PJM Member Actions
+ Transmission / Generation dispatchers notify management of the Alert.
+ Transmission / Generation dispatchers advise all stations and key personnel.

* Curtailment Service Providers notify key personnel
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* Generation dispatchers report to PJM Dispatch any and all resource limited facilities as
they occur via Markets Gateway, as described in Section 6.4, and update PJM Dispatch
as appropriate.

Voltage Reduction Alert (for Transmission Security)

The purpose of the Voltage Reduction Alert for Transmission Security is to alert members that
a voltage reduction may be required during a future critical period to ensure Transmission
Reliability. It is implemented when the projected loading of Maximum Emergency generation is
insufficient to ensure Transmission Reliability.

Triggers:

PJM Day-ahead Study analysis identifies Transmission Reliability issues that cannot be
resolved via economic generation adjustments and loading of Maximum Emergency generation.

Note:
Substations without SCADA control will be expected to be staffed in order to implement a
Voltage Reduction Action, if needed.

PJM Actions
* PJM Dispatch notifies PJM management and members.
+ PJM Dispatch issues the Alert to members, stating the Alert period(s) and the affected
areas. An Alert can be issued for the RTO or specific Control Zone(s).
PJM Member Actions
+ Transmission / Generation dispatchers notify management of the Alert.

+ Transmission / Generation dispatchers advise all stations and key personnel.

Real-Time Transmission Security Emergency Procedures

All warning and actions are issued in real-time. Warnings are issued during present operations
to inform members of actual capacity shortages or contingencies that may jeopardize the
reliable operation of the PJM RTO. Generally, a warning precedes an associated action. The
intent of warnings is to keep all affected system personnel aware of the forecast and/or actual
status of the PJM RTO.

Note:
All Warnings and Actions listed in Steps 1 to 10 below will trigger a capacity Performance
Assessment Interval (PAI) as detailed in PUM Manual 18, PJM Capacity Market.

The PJM RTO is normally loaded according to bid prices; however, during periods of reserve
deficiencies, other measures must be taken to maintain system reliability. These measures
involve:

» loading generation that is restricted for reasons other than cost.
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* recalling non-capacity backed off-system sales and issue an EEA1, as required by
EOP-011 Attachment 1, via the RCIS and Emergency Procedures webpage.

* purchasing emergency energy from participants / surrounding pools.

* load relief measures.

Due to system conditions and the time required to obtain results, PJM Dispatch may find it
necessary to vary the order of application to achieve the best overall system reliability. Issuance
and cancellation of emergency procedures are broadcast over the ALL-CALL and posted to
selected PJM web-sites. Only affected systems take action. PJM Dispatch broadcasts the
current and projected PJM RTO status periodically using the ALL-CALL during the extent of the
implementation of the emergency procedures.

Note:

The Real-Time Emergency Procedures section combines Warnings and Actions in their
most probable sequence based on notification requirements during extreme peak conditions.
Depending on the severity of the capacity deficiency, it is unlikely that some Steps would be
implemented.

Step 1: Pre-Emergency Load Management Reduction Action (30, 60 or 120-minute)

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUM Manual 18, PJM Capacity Market.

Applicability: Any site registered in the PJM Demand Response program as a demand resource
(a.k.a. DR) type that needs 30, 60 or 120 minute lead time to make its reductions. These
reductions are mandatory when dispatched during the product availability window.

Note:
The minimum dispatch duration is 1-hr.

PJM Actions

* PJM dispatcher notifies PJM management, PJM public information personnel, and
members. PJM dispatcher advises members to consider the use of public appeals to
conserve electricity usage. PJM dispatcher notifies other Control Areas through the
RCIS.

* PJM dispatcher, via the DR Hub System and Emergency Procedures website, will
post detailed instructions to the Curtailment Service Providers (CSP) to dispatch 30,
60 and/or 120 minute Pre-Emergency Load Management Reductions. An Action can
be issued for the entire PdJM RTO, specific Transmission Zone(s) or a Transmission
Sub-zone(s) if transmission limitations exist. PJM dispatcher will also issue an ALL-CALL
informing the Members and CSPs to check the DR Hub and Emergency Procedures
postings for the detailed information pertaining to the Pre-Emergency Load Management
that has been called.

Revision: 78, Effective Date: BiSiiaaat01/27/2021 PJM © 2021 92




A1

PJM Manual 13: Emergency Operations
Section 5: Transmission Security Emergencies

* PJM dispatcher cancels the Action, when appropriate.

PJM Member Actions

* Member Curtailment Service Providers implement load management reductions as
requested by PJM dispatchers.

Step 2: Emergency Load Management Reduction Action ( 30, 60 or 120-minute)

Note:
Issuance of this procedure will trigger a capacity Performance Assessment Interval (PAIl) as
detailed in PUM Manual 18, PJM Capacity Market.

Applicability: Any site registered in the PJM Demand Response program as a demand resource
(a.k.a. DR) type that needs 30, 60 or 120 minute lead time to make its reductions. These
reductions are mandatory when dispatched during the product availability window.

Note:
The minimum dispatch duration is 1-hr.

The purpose of the Load Management Reduction Action is to provide additional load relief by
using PJM controllable load management programs. Load relief is expected to be required after
initiating Maximum Emergency generation.

PJM Actions

* PJM dispatcher notifies PJM management, PJM public information personnel, and
members. PJM dispatcher advises members to consider the use of public appeals to
conserve electricity usage. PJM dispatcher notifies other Control Areas through the
RCIS.

* PJM dispatcher, via the DR Hub System and Emergency Procedures website, will post
detailed instructions to the Curtailment Service Providers (CSP) to implement dispatch
30, 60 and/or 120 minute Emergency Load Management Reductions. An Action can
be issued for the entire PdJM RTO, specific Transmission Zone(s) or a Transmission
Sub-zone(s) if transmission limitations exist. PJM dispatcher will also issue an ALL-CALL
informing the Members and CSPs to check the DR Hub and Emergency Procedures
postings for the detailed information pertaining to the Emergency Load Management that
has been called.

+ PJM dispatcher issues a NERC Energy Emergency Alert Level 2 (EEA2 = ALERT
LEVEL 2) via the RCIS to ensure all Reliability Authorities clearly understand potential
and actual PJM system emergencies if one has not already been issued concurrent
with the issuance of Emergency Load Management Reductions. NERC EEAZ2 is issued
when the following has occurred: Public appeals to reduce demand, voltage reduction,
and interruption of non-firm load in accordance with applicable contracts, demand side
management, or utility load conservation measures.

* PJM dispatcher cancels the Action, when appropriate.
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PJM Member Actions

* Member Curtailment Service Providers implement load management reductions as
requested by PJM dispatchers.

* Member dispatchers notify management of the emergency procedure and that they
should consider the use of public appeals to conserve electricity usage.

+ Member dispatchers notify governmental agencies, as applicable.
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