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SUMMARY OF QUALIFICATIONS:

Transmission Planning expert, with 25+ years of experience in the fields of transmission system planning,
long term planning, renewable energy integration, energy transition, project development, grid
interconnections and power system dynamic analysis

Led the transmission planning department in PJM as Sr. Mgr then Director of Transmission Planning
responsible for the development of the PIM Regional Transmission Expansion Plan.

Expert witness testifying in public regulatory hearings (with FERC and in Canada) supporting transmission
development for load and renewable integration expansion plans for multi-billion dollar utility projects.
PJM primary representative to the United States DOE National Transmission Planning Study.

Led the development of the largest Regional Transmission Expansion Plan in PJM (largest competitively
solicited transmission development initiative in eastern United Stated and nation-wide) totaling more than
$5Bn in 2023.

Led (Technical Advisory Committee) and managed the Western Regional Electricity Cooperation and
Strategic Infrastructure (RECSI) Study (Canada Federal Government Funded) in 2018

Alberta Electric System Operator (AESO) representative to the Transmission Facilities Cost Monitoring
Committee (TFCMC). Alberta-Canada

Represented the AESO as primary lead to the Western Electricity Coordinating Council (NERC WECC)
MVWG and Planning Committee as well as to WIRES (United States / Canada).

Hands on experience with power system engineering and analysis tools (PSSE and PSLF), power system
transients (PSCAD and EMTP), dynamic oscillations/resonance

Experience with leading transmission planning and cost benefit assessments using production simulations
(GE MAPS and AURORA).

Proven track record in Transmission System projects planning for long and short-term(s) in compliance
with NERC TPL standards.

Institute of Electrical and Electronics Engineers (IEEE) Top-Tier journal paper reviewer on Power Systems
and Industry applications with more than 10 highly cited journal and conference papers.

Solid planning and engineering background in the fields of generation facility integration (850 to 50 MWs
scale), Oil and Gas project interconnections, and Renewable Energy integration and enablement.

Proven experience with transmission system short circuit assessment and mitigation via innovative solutions
as well as impacts of low short circuit capability on generator and HVDC (converter-based systems) systems
dynamic performance and interactions (SSO/SSR analyses).

A passionate, effective communicator and collaborator. Ensuring the overall team success through
developing strategies and plans aligned with the collective needs/vision via setting SMART goals.

Ability to build trust and manage relationships with internal and external stakeholders.
Familiar with the legislative power industry framework in the United States and Canada.

Skilled in resource planning and budgeting, ensuring successful execution/delivery of the planned target
deliverables and timelines.
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SCHEDULE 6 -
REGIONAL TRANSMISSION EXPANSION PLANNING PROTOCOL

References to section numbers in this Schedule 6 refer to sections of this Schedule 6, unless
otherwise specified.
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1. REGIONAL TRANSMISSION EXPANSION PLANNING PROTOCOL
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1.1 Purpose and Objectives.

This Regional Transmission Expansion Planning Protocol shall govern the process by which the
Members shall rely upon the Office of the Interconnection to prepare a plan for the enhancement
and expansion of the Transmission Facilities in order to meet the demands for firm transmission
service, and to support competition, in the PJM Region. The Regional Transmission Expansion
Plan (also referred to as iRTEPO) to be developed shall enable the transmission needs in the PJIM
Region to be met on a reliable, economic and environmentally acceptable basis.
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1.2 Conformity with NERC Reliability Standards and Other Applicable Reliability
Criteria.

@ NERC establishes Reliability Standards to promote the reliability, adequacy and security
of the North American bulk power supply as related to the operation and planning of electric
systems.

(b) ReliabilityFirst Corporation is responsible for ensuring the reliability, adequacy and
security of the bulk electric supply systems in the geographic region described in the applicable
agreements between NERC and ReliabilityFirst Corporation, as approved by the FERC, through
coordinated operations and planning of generation and transmission facilities. Toward that end,
it has adopted the NERC Reliability Standards and has established detailed Reliability Principles
and Standards for Planning the Bulk Electric Supply System of the ReliabilityFirst Corporation.

(© [Reserved]
(c.01) [Reserved]

(c.02) SERC is responsible for ensuring the reliability, adequacy and security of the bulk
electric supply systems in the VACAR subregion of SERC. Toward that end, it has adopted the
NERC Reliability Standards and has established detailed Reliability Principles and Standards for
Planning the Bulk Electric Supply System for SERC.

(d) The Regional Transmission Expansion Plan shall conform at a minimum to the applicable
reliability principles, guidelines and standards of NERC, ReliabilityFirst Corporation and SERC,
and other Applicable Regional Entities in accordance with the planning and operating criteria
and other procedures detailed in the PJIM Manuals.

(e) The Regional Transmission Expansion Plan planning criteria shall include, Office of the
Interconnection planning procedures, NERC Reliability Standards, Regional Entity reliability
principles and standards, and the individual Transmission Owner FERC filed planning criteria as
filed in FERC Form No. 715, and posted on the PJM website. FERC Form No. 715 material will
be posted to the PJM website, subject to applicable Critical Energy Infrastructure Information
(CE) requirements.

()] The Office of the Interconnection will also provide access through the PJM website, to

the planning criteria and assumptions used by the Transmission Owners for the development of
the current Local Plan.
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1.3 Establishment of Committees.

€)) The Planning Committee shall be open to participation by (i) all Transmission
Customers and applicants for transmission service; (ii) any other entity proposing to
provide Transmission Facilities to be integrated into the PJIM Region; (iii) all Members;
(iv) the electric utility regulatory agencies within the States in the PJM Region and the
State Consumer Advocates; and (v) any other interested entities or persons and shall
provide technical advice and assistance to the Office of the Interconnection in all aspects
of its regional planning functions. The Transmission Owners shall supply representatives
to the Planning Committee, and other Members may provide representatives as they
deem appropriate, to provide the data, information, and support necessary for the Office
of the Interconnection to perform studies as required and to develop the Regional
Transmission Expansion Plan.

(b) The Transmission Expansion Advisory Committee established by the Office of
the Interconnection will meet periodically with representatives of the Office of the
Interconnection to provide advice and recommendations to the Office of the
Interconnection to aid in the development of the Regional Transmission Expansion Plan.
The Transmission Expansion Advisory Committee participants shall be given an
opportunity to provide advice and recommendations for consideration by the Office of
the Interconnection regarding sensitivity studies, modeling assumption variations,
scenario analyses, and Public Policy Objectives in the studies and analyses to be
conducted by the Office of the Interconnection. The Transmission Expansion Advisory
Committee participants shall be given the opportunity to review and provide advice and
recommendations on the projects to be included in the Regional Transmission Expansion
Plan. The Transmission Expansion Advisory Committee meetings shall include
discussions addressing interregional planning issues, as required. The Transmission
Expansion Advisory Committee shall be open to participation by: (i) all Transmission
Customers and applicants for transmission service; (ii) any other entity proposing to
provide Transmission Facilities to be integrated into the PJM Region; (iii) all Members;
(iv) the electric utility regulatory agencies within the States in the PJM Region, the
Independent State Agencies Committee, and the State Consumer Advocates; and (v) any
other interested entities or persons. The Transmission Expansion Advisory Committee
shall be governed by the Transmission Expansion Advisory Committee rules and
procedures set forth in the PJM Regional Planning Process Manual (PJM Manual M-14
series) and by the rules and procedures applicable to PJIM committees.

(c) The Subregional RTEP Committees established by the Office of the
Interconnection shall facilitate the development and review of the Local Plans. The
Subregional RTEP Committees will be responsible for the initial review of the
Subregional RTEP Projects, and to provide recommendations to the Transmission
Expansion Advisory Committee concerning the Subregional RTEP Projects. A
Subregional RTEP Committee may of its own accord or at the request of a Subregional
RTEP Committee participant, also refer specific Subregional RTEP Projects to the
Transmission Expansion Advisory Committee for further review, advice and
recommendations.
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1.4  Contents of the Regional Transmission Expansion Plan.

@) The Regional Transmission Expansion Plan shall consolidate the transmission needs of
the region into a single plan which is assessed on the bases of (i) maintaining the reliability of the
PJM Region in an economic and environmentally acceptable manner, (ii) supporting competition
in the PJM Region, (iii) striving to maintain and enhance the market efficiency and operational
performance of wholesale electric service markets and (iv) considering federal and state Public
Policy Requirements.

(b) The Regional Transmission Expansion Plan shall reflect, consistent with the requirements
of this Schedule 6, transmission enhancements and expansions; load forecasts; and capacity
forecasts, including expected generation additions and retirements, demand response, and
reductions in demand from energy efficiency and price responsive demand for at least the
ensuing ten years.

(© The Regional Transmission Expansion Plan shall, at a minimum, include a designation of
the Transmission Owner(s) or other entity(ies) that will construct, own, maintain, operate, and/or
finance each transmission enhancement and expansion and how all reasonably incurred costs are
to be recovered.

(d)  The Regional Transmission Expansion Plan shall (i) avoid unnecessary duplication of
facilities; (ii) avoid the imposition of unreasonable costs on any Transmission Owner or any user
of Transmission Facilities; (iii) take into account the legal and contractual rights and obligations
of the Transmission Owners; (iv) provide, if appropriate, alternative means for meeting
transmission needs in the PJM Region; (v) provide for coordination with existing transmission
systems and with appropriate interregional and local expansion plans; and (vi) strive for
consistency in planning data and assumptions that may relieve transmission congestion across
multiple regions.
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1.5 Procedure for Development of the Regional Transmission Expansion Plan.
1.5.1 Commencement of the Process.

@) The Office of the Interconnection shall initiate the enhancement and expansion study
process if: (i) required as a result of a need for transfer capability identified by the Office of the
Interconnection in its evaluation of requests for interconnection with the Transmission System or
for firm transmission service with a term of one year or more; (ii) required to address a need
identified by the Office of the Interconnection in its on-going evaluation of the Transmission
Systembs market efficiency and operational performance; (iii) required as a result of the Office of
the Interconnectionds assessment of the Transmission Systemds compliance with NERC
Reliability Standards, more stringent reliability criteria, if any, or PJM planning and operating
criteria; (iv) required to address constraints or available transfer capability shortages, including,
but not limited to, available transfer capability shortages that prevent the simultaneous feasibility
of stage 1A Auction Revenue Rights allocated pursuant to the Operating Agreement, Schedule 1,
section 7.4.2(b), constraints or shortages as a result of expected generation retirements,
constraints or shortages based on an evaluation of load forecasts, or system reliability needs
arising from proposals for the addition of Transmission Facilities in the PJM Region; or (v)
expansion of the Transmission System is proposed by one or more Transmission Owners,
Interconnection Customers, Network Service Users or Transmission Customers, or any party that
funds Network Upgrades pursuant to the Operating Agreement, Schedule 1, section 7.8. The
Office of the Interconnection may initiate the enhancement and expansion study process to
address or consider, where appropriate, requirements or needs arising from sensitivity studies,
modeling assumption variations, scenario analyses, and Public Policy Objectives.

(b) The Office of the Interconnection shall notify the Transmission Expansion Advisory
Committee participants of, as well as publicly notice, the commencement of an enhancement and
expansion study. The Transmission Expansion Advisory Committee participants shall notify the
Office of the Interconnection in writing of any additional transmission considerations they would
like to have included in the Office of the Interconnectionds analyses.

1.5.2 Development of Scope, Assumptions and Procedures.

Once the need for an enhancement and expansion study has been established, the Office of the
Interconnection shall consult with the Transmission Expansion Advisory Committee and the
Subregional RTEP Committees, as appropriate, to prepare the studybs scope, assumptions and
procedures.

1.5.3 Scope of Studies.

In conducting the enhancement and expansion studies, the Office of the Interconnection shall not
limit its analyses to bright line tests to identify and evaluate potential Transmission System
limitations, violations of planning criteria, or transmission needs. In addition to the bright line
tests, the Office of the Interconnection shall employ sensitivity studies, modeling assumption
variations, and scenario analyses, and shall also consider Public Policy Objectives in the studies
and analyses, so as to mitigate the possibility that bright line metrics may inappropriately include
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1.6 Approval of the Final Regional Transmission Expansion Plan.

€)) Based on the studies and analyses performed by the Office of the Interconnection under
Operating Agreement, Schedule 6, the PJM Board shall approve the Regional Transmission
Expansion Plan in accordance with the requirements of Operating Agreement, Schedule 6. The
PJM Board shall approve the cost allocations for transmission enhancements and expansions
consistent with Tariff, Schedule 12. Supplemental Projects shall be integrated into the Regional
Transmission Expansion Plan approved by the PJM Board but shall not be included for cost
allocation purposes.

(b) The Office of the Interconnection shall publish the current, approved Regional
Transmission Expansion Plan on the PIM Internet site. Within 30 days after each occasion when
the PJM Board approves a Regional Transmission Expansion Plan, or an addition to such a plan,
that designates one or more Transmission Owner(s) or Designated Entity(ies) to construct such
expansion or enhancement, the Office of the Interconnection shall file with FERC a report
identifying the expansion or enhancement, its estimated cost, the entity or entities that will be
responsible for constructing and owning or financing the project, and the market participants
designated under Operating Agreement, Schedule 6, section 1.5.6(1) to bear responsibility for the
costs of the project.

(©) If a Regional Transmission Expansion Plan is not approved, or if the transmission service
requested by any entity is not included in an approved Regional Transmission Expansion Plan,
nothing herein shall limit in any way the right of any entity to seek relief pursuant to the
provisions of Section 211 of the Federal Power Act.

(d) Following PJM Board approval, the final Regional Transmission Expansion Plan shall be
documented, posted publicly and provided to the Applicable Regional Entities.
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1.7 Obligation to Build.

€)) Subject to the requirements of applicable law, government regulations and approvals,
including, without limitation, requirements to obtain any necessary state or local siting,
construction and operating permits, to the availability of required financing, to the ability to
acquire necessary right-of-way, and to the right to recover, pursuant to appropriate financial
arrangements and tariffs or contracts, all reasonably incurred costs, plus a reasonable return on
investment, Transmission Owners or Designated Entities designated as the appropriate entities to
construct, own and/or finance enhancements or expansions specified in the Regional
Transmission Expansion Plan shall construct, own and/or finance such facilities or enter into
appropriate contracts to fulfill such obligations. Except as provided in Operating Agreement,
Schedule 6, section 1.5.8(k), nothing herein shall require any Transmission Owner to construct,
finance or own any enhancements or expansions specified in the Regional Transmission
Expansion Plan for which the plan designates an entity other than a Transmission Owner as the
appropriate entity to construct, own and/or finance such enhancements or expansions.

(b) Nothing herein shall prohibit any Transmission Owner from seeking to recover the cost
of enhancements or expansions on an incremental cost basis or from seeking approval of such
rate treatment from any regulatory agency with jurisdiction over such rates.

(© The Office of the Interconnection shall be obligated to collect on behalf of the
Transmission Owner(s) or Designated Entity(ies) all charges established under Tariff, Schedule
12 in connection with facilities which the Office of the Interconnection designates one or more
Transmission Owners or Designated Entity(ies) to build pursuant to this Regional Transmission
Expansion Planning Protocol. Such charges shall compensate the Transmission Owner(s) or
Designated Entity(ies) for all costs related to such RTEP facilities under a FERC-approved rate
and will include any FERC-approved incentives.

(d) In the event that a Transmission Owner declines to construct an economic transmission
enhancement or expansion developed under sections 1.5.6(d) and 1.5.7 of this Schedule 6 that
such Transmission Owner is designated by the Regional Transmission Expansion Plan to
construct (in whole or in part), the Office of the Interconnection shall promptly file with the
FERC a report on the results of the pertinent economic planning process in order to permit the
FERC to determine what action, if any, it should take.
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1.8 Interregional Expansions

@) PJM shall collect from Midwest Independent System Operator, Inc., for distribution to
the applicable Transmission Owners, in accordance with Schedule 12 of the PJM Tariff,
revenues collected by the Midwest Independent System Operator, Inc. under the Open Access
Transmission Tariff of the Midwest Independent System Owner, Inc. with respect to
transmission enhancements or expansions for which the Coordinated System Plan developed
under the Joint Operating Agreement Between the Midwest Independent System Operator, Inc.
and PJM Interconnection, L.L.C. assigns cost responsibility for transmission enhancements or
expansions in the PJIM Region to market participants in the region of the Midwest Independent
System Operator, Inc.

(b) PJM shall disburse to the Midwest Independent System Operator, Inc., for distribution to
applicable transmission owners of the Midwest Independent System Operator, Inc., revenues
collected under Schedule 12 of the PJM Tariff which establishes a charge in connection with
enhancements or expansions in the region of the Midwest Independent System Operator, Inc. the
cost responsibility for which has been assigned to market participants in the PJM Region under
the Coordinated System Plan developed under the Joint Operating Agreement Between the
Midwest Independent System Operator, Inc. and PJM Interconnection, L.L.C.

(© Nothing in this Section 1.8 shall affect or limit any Transmission Owners filing rights

under Section 205 of the Federal Power Act as set forth in the PJM Tariff and applicable
agreements.
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1.9  Relationship to the PJM Open Access Transmission Tariff.

Nothing herein shall modify the rights and obligations of an Eligible Customer or a Transmission
Customer with respect to required studies and completion of necessary enhancements or
expansions. An Eligible Customer or Transmission Customer electing to follow the procedures
in the PJM Tariff instead of the procedures provided herein, shall also be responsible for the
related costs. The enhancement and expansion study process under this Protocol shall be funded
as a part of the operating budget of the Office of the Interconnection.
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C.1.1 Purpose of Deliverability Requirements
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AJANCU SIPD JK CQ=N=JPAA =0 PK LNE?A BNK I PDA =CCNAC=PA KB T=L=7fPU OAOKQN?AO =R=H=>HA PK
- (+ =0 @A 1 KJIOPN=PA@ EJ PDA =LLHE?=>HA LH=JJIEIC OPQ@EAO

C.1.2 Types of Deliverability Requirements

2K 1 =EJIP=tJ NAH=>EHPU EJ = ?K I LAPEPERA ?=L=70PU B =NGAP T=L=7tPU OAOKQN?AOQ 1 QOP ?KJIPNE>QPA PK
PDA @AKERAN=>HHPU KB AJANCU SEIPDEJ - (+ EJ PSK S=U0 $INOP SIPDEJ =J =NA= ATLANEAJ?EIC = tK?=HVAQ@
?=L=7tPU A 1 ANCAJ?U KN @ABE?EAJ?U AJANCU B QOP >A @AHRAN=>#A BNK I PDA =CCNAC=PA KB PDA
=R=f=>A 1=L=?fPU OAOKQN?AQ PK tK=@ 2DEO PULA KB @AHRAN=>EPU O NABANNA@ PK =0 HK=@
QAERAN=>HEPU $=EQNA KB HK=@ @AHERAN=>EPU PAOPO SEH NAOQHP EJ PDA EJEPE=PEKJ KB =L LNKLNE=PA

1 PEC=PEKJ =7PEKIO EJHQE@EIC OA?QNEIC =@@EPEKI=H ¥ =L="tPU OAOKQN?AO KN =J AJD=J?A 1 AJP PK PDA
2\=J0 FEOOEKJ 1UOPA R EJ KN@AN PK EI?NA=0A PDA =NA=t0 =>EHPU PK £ I LKNP LKSAN

1A?KJI@ T=L=7PU OAOKQN?AO SIPDEJ = CIRAJ AHA?PNE?=H =NA= B QOP EJ =CCNAC=PA >A =>fA PK >A
ATLKNPA@ PK KPDAN =NA=0 KB . (+ 2DEO PULA KB @AHRAN=>HEPU EO NABANNA@ PK =0 CAJAN=PKN
QAERAN=>HEPU 2DA CAJAN=PKN @AERAN=>EPU PAOP @APAN BEJAO SDAPDAN = CAJAN=PKN MQ=HEBEAO BKN PDA
OP=PQO KB = ?ANPEBEA@ ¥ =L="2tPU OAOKQN?A SEPD NAOLA?P PK PDA EJOP=HAQ@ ?=L=7EPU K>HC=PEKJO E I LKOA@
QJ@ANPDA OAH=>HPPU O00QN=J?A CNAATAJP 'P @KAO JKP CQ=N=JPAA =JU NECDPO PK OLA?IBE?
CAJAN=PKNO PK @AHERAN AJANCU PK OLA?IBE? HKK=@0 SIPDEJ . (+ , KN @KAO £ CQ=N=JPAA =JU NCDPO PK

OARIOEKJ #BBA?PERA ""=PA -(+ [

































A1

- (+ +=3Q=H - (+ OACEKJ 2N=J0 I E00tKJ -#=JJEIC _NK?A0O
P=?DBAJIP T _(+ ""AHRAN=>IHPU 2A0PEIC +APDK@O

Z 2DANA =NA JK +AN?D=JP , APSKNG 3LCN=@AO PD=P D=RA KN =NA ATLA?PA@ PK D=RA T AP =
""APEOEKI - KEJP ' NAMQINABAJPO >U  @=UO LNEKN PK PDA  =0A OAOQE@Q=H Q?PEKJ PD=P =NA
@AOECJAQ PK NAOKHRA PDA 0= T A ?KJOPN=tJP BKN SDE?D PDA O2# . QLCN=@A 0 @AOECIAQ PK
NAOKHRA

2DA =JJQ=f ?KOPO KB 0Q?D QLCN=@A OD=H >A =fK?=PA@ =0 OLA?EBEAQ@ EJ 1?7DA@QHA KB PDA P=NEBB

/63@/<+,3%3>C 90 /8/<+>198

2DA 0A?KJI@ @AKERAN=>HEPU PAOP AT= I EJAOQ PDA =>HEPU KB =J AHA?PNE?= =NA= PK ATLKNP ¥=L=7EPU
OAOKQN?AO PK PDA NA I =EJ@AN KB . (+ 2DfO PAQP EO =LLHEA@ PK AJOQNA PD=P ?=L="fPU EO JKP >KPPHA@
BNK I = NAHE=>HEPU LANOLA?PERA 2DEO NAMQENAO PD=P A=?D AHA?PNE?=f =NA= >A =>A PK ATLKN? PO
?=L=2PU =P = REJERQN @QNJC PDA OQ I B AN LA=G fK=@ LANK@ =0 PDEO NALNAOAJPO PDA ?KJ@EPEKI
SDANA . (+ NAOANRA B =NCEJO D=RA DEOPKNE?=HU >AAJ =P PDAIN tKSAOP HARAIO QP FQOP @A I KJOPN=PEJC
@AHERAN=>EPU EJ PDA OQ I B AN LANEK@ EO JKP OQBBE?EAJP PK AJOQNA KLAN=PEKJ=H LANBKN B =J?A =J@
BRATESEEPU EO B =EIP=EJA@ @QNEJC KPDAN L=N° KB PDA UA=N . (+ AT=HEJAO ATLKNP ?=L=>EPEAO QI@AN
SEIPAN =J@ HECDP 1K=@ ?KJI@PEKIO =0 SAH  H PDNAA CAJAN=PKN @AHERAN=>EPU PAOPO =NA NAMQEINA@ PK >A
L=00A@ £J KN@AN BKN = CAJAN=PKN PK >A?K I A ?ANPEBEA@ =0 = _ (+ T=L=2?fPU OAOKQN?A ""AERAN=>EPU
BNK I PDA LANOLA?PERA KB EJ@ERE@Q=H CAJAN=PKN NAOKQN?AO AJOQNAO PD=P QJ@AN JKN I =f OUCPA I
?KJQ@PEKIO B ¥=L="PPU OAOKQN?AQ =NA =R=E=>HA =J@ ?=HAQ@ KJ PDAEN =>HEPU PK LNKRE@A AJANCU PK
PDA OUOPA I SEH JKP >A H B EPA@ >U PDA @EOL=P?D KB KPDAN ?ANPEBEA@ ¥ =L=7EPU OAOKQN?AO 2DtO PAOP
@KAO JKP CQ=N=JPAA PD=P = CERAJ NAOKQN?A Sk >A ?DKOAJ PK LNK@Q?A AJANCU =P =JU CERAJ OUCPA I
tK=@ ?KJI@PEKI O=PDAN PO LQNLKOA EO PK @A B KIOPN=PA PD=P PDA EJOP=HA@ ?=L=7EPU £J =JU AA?PNE?=H
=NA= ?=J >A NQJ Ot I QP=JAKQOHU =J@ PD=P PDA AT?A00 AJANCU =>KRA #K=@ EJ PD=P AHA?PNE?=H =NA=
?=J >A ATLKNPA@ PK PDA NA I =EJ@AN KB . (+ OQ>FA?P PK PDA 0= A OEJCHA ?KJPEJCAJ?U PAOPEIC QOAQ@
SDAJ AT=1EJEIC @AERAN=>HEPU BNK I PDA HK=@ LANOLA?PERA 'J =@@PEKJ ?K T I KJ B K@A KQP=CAQ =NA
AT=1EJAQ@ =0 L=NP KB PDA CAJAN=PKN @AERAN=>HEPU PAOP *J ODKNP PDA PAOP =PPA I LPO PK AJOQNA PD=P
>KPPHA@ ?=L="7PU ?KJI@EPEKJIO PD=P I [P PDA =R=H=>HPU =J@ QOABQIJAQO KB ?ANPEBEA@ ¥ =L="EPU
OAOKQN?AO PK OUOPA I KLAN=PKNO SEi JKP ATEOP 'J =?PQ=H KLAN=PEIC ?KJI@PEKIO AJANCU KJtU
NAOKQN?AO 1 =U @OLH=7A T=L=7EPU OAOKQN?AO tJ PDA A?KJIK RE? @OL=P?D PD=P OANRAO HK=@

2DE0 PAOP @A B KIOPN=PAO PD=P ¥=L=7FPU OAOKQN?AOQ EJ =JU CERAJ AKA?PNE?=f =NA= ?KQH@

OF 1 QP=JAKQOHU @AHRAN AJANCU PK PDA NA I =EJ@AN KB . (+ 2DA LNA FOA KB PDA CAJAN=PKN
@AERAN=>HEPU PAOP tO PD=P =t . (+ ¥=L=7FPU OAOKQN?AO SIPDEJ =J AIA?PNE?=H NACIKJ SEPDEJ . (+ =NA
NAMQINA@ DAJ?A PDA NA I =EJ@AN KB PDA OUOPA I KQPOE@A PDEO AHA?PNE?=H NACEKJ EO ATLANEAJ?EIC =
OECIEBE?=JP NA@Q?PEKJ £J =R=E=>HA ?=L=?PU 2DA @IOL=P?D L=PPANJ £J PDA NA I =EJ@AN KB PDA OUCPA I O
QJEBKN I HU NA@Q?A@ =??KN@EJC PK PDA NA#=PERA = 1 KQJPO KB KIEJA CAJAN=PIKJ =P A=?D HK?=PIKJ

C.3.1 Generator Deliverability Procedure

C.3.1.1 Introduction
2K B =EJIP=EJ NAHE=>FHPU EJ = ?K I LAPEPERA ?=L=70PU B =NGAP NAOKQN?AO B Q0P ?KJPNE>QPA PK PDA
@AHRAN=>EHPU SEPDEJ PDA - (+ TKIMKH NA=EJ PSK S=U0 $INOP AJANCU BQOP >A @AHRAN=>HA BNK I
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OD=tf D=RA PDA BQH E I L=7P KB PDA OANRE?A =@@A@ PK PDA HK=@EJC KB PDA =LLHK?=>A B=HEPU £J

@APAN BEJEIC PDA BEJ=H B="HPU tK=@EJIC 'J , AS 1ANRE?A OAMQAOP OPQ@EAO =JU PN=J0 I EOOEKJ OANRE?A
SDE?D ER L=7P0 = ?KJIOPN=EJIP EQAJPEBEA@ EJ PDA 1'* OPQ@U =P CNA=PAN PD=J PDA PDNAODKH@O E@AJPEBEA@
=>KRA £J PDEO OA?PEKJ OD=tf D=RA PDA BQtH £ I L=2P KB PDA OANRE?A =@@A@ PK PDA HK=@EJC KB PDA
=LLKE?=>A B="HEPU EJ @APAN I EJEIC PDA BEJ=H B="HEPU tK=@EJIC

'J >KPD >=0AHJA =J@ , AS 1ANRE?A OAMQAOP OPQ@EAO ATEOPEJC E B LKNP =J@ ATLKNP NAOANR=PEKJIO
SDE?D >=7G KBB KRAMK=@0 S >A N=1LA@ @KSJ PK = LAN?AIP=CA ?KJOEOPAJP SIPD PDA LA=G
DEOPKNE?=H QO=CA EJ KN@AN PK NA@Q?A PDA ?KQJIPAN BIKS BKN ?KJBEN I A@ OANRE?A PK ATLA?PA@ HARAHO

'J >KPD >=0AHJA =J@ , AS 1ANRE?A OAMQAOP OPQ@EAO . (+ OD=H LNAOANRA PDA ¥=L=7U AJABP
+=NCtJ I + >U AJOQNJC PD=P PDA BQH = B KQJIP OLA?EBEA@ EJ PDA . (+ OAH=>HPPU OOQN=J?A

CNAARAJP 17DA@QIA  ** ?=J >A 1 LKNPAQ@ EJ =@@FPEKJ PK PDA JAP BN I EJPAN?D=JCA 2DA
@EOPNE>QPEKJ KB PDA ¥+ BNK B A=7D KB PDA BERA ATPANJI=H OQLLKU VKJAO OD=H >A @APAN I EJA@ @QNEJC
PDA =JJQ=H . (+ T=L=7PU " BLK\P *EHEP I'* OPQ@U =J@PDA T + ERL=7P0 SH{ KJHU >A ?KIOL@ANA@
SDAJ PDAU ?KJIPNE>QPA PK PDA HK=@EJC KJ = ?KIOPN=EJIP

Addendum 4: Gas Pipeline Contingencies

- (+ SHi 1=tIP=tJ =J@ =LLH = C=0 LELAEJIA ?KJIPEICAI?U =J=HUOEO EJ SEJPAN OPQ@EAO 2DA C=0
LELAEIA ?KIPEICAI?U OAP SHi EI?HQ@A C=0 LELAEJA ?KIPEICAJI?EAOC @QA PK PDA B=HQNA KB = C=0
LELAEJA KN = 7K T LNAOOKN OP=PEKJ 2DA C=0 LILAKJA ?KIPEICAJI?U HOP SEH >A NAREASAQ@ LANEK@E?=HU
PK R=H@=PA PO =?7QN="U 'J =@@IPtKJ PK PDA C=0 LELAHEJIA ?KIPEICAI?TAO C=0 PA I LAN=PQNA PDNAODKH®@
?KIPEICAI?EAO SHif >A AR=HQ=PA@ P = LNA @APAN REJAQ@ PA I LAN=PQNA PDNAODKH@ =00Q I A PD=P JKJ
BENE ?QOPK HANO EA JKJ DA=PIC @A R =J@ =J@ KB J=PQN=H C=0 CAJAN=PEKJ ?QOPK I ANO £J PD=P
VKJA SHf >A EJPANNQLPA@

1981 (/<7 /83@/<+,3%»>C 8+6C=3=

2DA LQNLKOA KB PDA HKJC PAN I @AERAN=>EHPU =J=HUOEO EO PK E@AJPEBU =JU NAKE=>HEPU REKH=PEKJO KJ PDA

- (+ OUCPA I PD=P N =U NAMQENA =J QLCN=@A PD=P NAMQINAO BKNAPD=J = UA=NHiA=@ PERAPK
ENLIARAJP 2DA _ (+ O2# . HKIC PAN T NAHE=>HEPU NAREAS LNK?AO0 AT=E1EJAO CAJAN=PKN
@AERAN=>HPU HK=@ @AERAN=>EPU =J@ ?K 1 1 KJ B K@A KQP=CA =J=fUCEO BKN UA=NO  PDNKQCD 2DA
HKJIC PANT =J=HUOEO OP=NPO SEPD PDA @AHERAN=>HEPU NAOQHO BNK I PDA JA=N PANE >=0A ?=0A =J@
ATPN=LKH=PAO PDA PDAN I = NAOQHPO QOEJIC @EOPNE>QPEKJ B=7PKNO =J@ BKNA?=0P HK=@ CNKSPD PK A=?D UA=N
£J PDA HKJC PANT LH=JJEIC DKNEVKI 'B QJEPO PD=P D=RA N AP =fif ""A?E0IKJ - KEJP ** NAMQENA I AJPO =NA
JKP EJ?HQ@AQ@ EJ PDA >=0A ?=0A = 0A?KJI@ JA=N PAN T >=0A ?=0A St >A ?NA=PA@ PK AT=1EJA
SDAPDAN =JU #KJIC HA=@ PE I A B="HEPEAO SKQH@ >A NAMQINA@ PK OQLLKNP PDACA CAJAN=PKNO *J =@@EPEKJ
= HKJC PANT >=0A ?=0A 0 @ARAHKLA@ BNK I PDA JA=N PANT >=0A ?=0A A=?D L#=JJEIC ?UHA = 1EPAQ@
OAP KB @AHERAN=>EEPU OPQ@EAO =NA LANBKN I A@ KJ PDEO HKJIC PAN T >=0A ?=0A 8 PDA JAAQ@ BKN tKJC tA=@
PERA QLCN=@AO =NA EQAJIPBEA@ @QNEJC ATPN=LKH=PEKJI KB PDA PDAN I =H NAOQIPO QOEJC PDA JA=N PAN T >=0A
?=0A =J0@ PDA @AERAN=>HEPU PDAN I = NAOQIPO =NA ATPN=LKH=PA@ EJ = OE R E=N B =JJAN =0 O @KJA SIFD
PDA JA=N PANT >=0A ?=0A tJ KN@AN PK LNK@Q?A = 0A?KJI@ OAP KB HKJIC PAN I NAOQHO
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C.4.1 Base Case Development

.(+D=0= 1 KJPD NAHE=>HPU L#=JJEIC ?UPHA P PDA >ACEJJIEIC KB PDA BEINOP UA=N KB PDA ?U?HA =
JA=NPANT  UA=N KQP >=0A ?=0A =J@ =HKJC PANT  UA=N KQP >=0A ?=0A =NA @ARAHKLA@ P PDA
>ACEJJIEIC KB PDA OA?KJI@ UA=N KB PDA ?2U?HA = JAS  UA=N KQP >=0A ?=0A =J@ = HKJC PANT  UA=N
KQP >=0A ?=0A =NA @ARAIKLA@ 2DA 0=1A CAJAN=H NQHAO KB ?KJOPNQ?PEKJI @AOQ?NE>AQ@ EJ OA?PEKI

I KB PDEO B =JQ=H PD=P =NA QOA@ PK ?NA=PA PDA JA=N PANE >=0A ?=0A =NA QOAQ@ PK ?NA=PA PDA
iKJC PANE >=0A ?=0A 0 = NAOQH PDA HKJIC PANE >=0A ?=0A tO Ot I Bi=N PK PDA JA=N PANT >=0A ?=0A
>QP =??7KQJPO HK=@ CNKSPD CAJAN=PEKJ =@@EPEKIO =J@ @A="PER=PIKIO =J@ PN=JO B EOOEKJ =@@EPEKIO
PD=P =NA BKNA?=0P PK K??QN >APSAAJ UA=NO PDNKQCD

C.4.2 Analysis

2DA . (+ O02# . HKJIC PAN I NAHE=>HEPU NAREAS LNK?A00 AT=1EJA0 CAJAN=PKN @ARAN=>EHPU HK=@
OAERAN=>HEPU =J@ ?K B B KJ B K@A KQP=CA =J=fUCEO BKN UA=NO  PDNKQCD 2DA PSK ?=PACKNEAO KB
?KJIPEICAJ?U ARAJPO ?KJOE@ANA@ =0 L=NP KB PDA HKJC PAN T OPQ@EAO =NA OEJCHA =J@ PKSAN HJIA
?KJIPEICAI?EA0 2DA NA=0KJ BKN # B EPEJC PDA HKJIC PAN I NAREAS PK KJHU PDAOA PSK ?=PACKNEAQ KB
?KJIPEICAJI?U ARAJPO £O PD=P PDAOA ARAJPO =NA 1Q?D N KNA HGAHU PD=J KPDAN PULAO KB ?KJIPEJCAJ?U
ARAJPO . (+ OPQ@EAQ PK HA=@ PK HKJC HA=@ Pt I A QLCN=@AO0

2DA @AERAN=>EHPU =J=HUOEO LANBKN B A@ KJ PDA JA=N PANE >=0A ?=0A EJ?HQ@AO = BQH ¥ LKSAN BKS
=J=HUOF0 EJ?HQE@EIC CAJAN=PKN @AHRAN=>HPU HK=@ @AHRAN=>HEPU =J@ ?K I 1 KJ B K@A KQP=CAO 2DA
QAERAN=>HEPU =J=HUOEO LANBKN B A@ KJ PDA HKJIC PANT >=0A ?=0A ?KJOE@ANO PDAOA O= I A PAOPO AT?ALP
PD=P £J PDA iK=@ QAERAN=>EEPU PAOP *"* O =NA OAIA?PA@ KJ{U BB PDAIN 1#2* T#2— N=PIK S=0 #A0O PD=J

£ = NA?AJP O2# . 1EJ?A PDA K>FA?PERA KB PDA HKJC PAN I NAHE=>EPU =J=HUOEO EO PK E@AJPEBU
HKJIC tA=@ PER A QLCN=@AO PDA BKHKSEJIC PULAO KB KRANK=@0 =NA JKP ?KJOLQANA@

Z KRAMK=@0 KJ PN=JO B EO0EKJ HEJAO >AIKS G4
Z KRAMK=@0 KJ PN=JOBKN I ANO
Z KRAMK=@0 PD=P =NA >AHKS PDA ?KI@Q?PKN N=PEJC KB PDA ?EN?QEP

C.4.3 Linear Extrapolation

2DA BENOP OPAL KB PDA HEJA=N ATPN=LK}#=PEKJ KB PDA PDAN I =f NAOQHPO EO PK ?K I LHA = HOP KB BIKSC=PAQ
1 KJEPKNA@ B="HEPU =J@ ?KIPEJCAJ?U L=tNO BNK I PDA JA=NPANE =J@ B NAMQINA@ PDA HKJC PAN I

>=0A ?=0A @AERAN=>HEPU NAOQKO 2DA ?=?Qi=PA@ >=0A ?=0A I tK=@EJCO OANRA =0 PDA OP=NPLJC

LKEJP BKN PDA EJA=N ATPN=LKH=PEKJ KQP PDNKQCD UA=N

2=>1A >AHKS t0 =J AT=1 LA KB = BIKSC=PA PD=P tO 2HKOA PK = ?=f?QH=PA@ KRAMK=@ EJ PDA JA=N PAN I
=J=HUOEO PD=P S=0 LANBKN I A@ EJ
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C.4.4 Long-Term Upgrades
2DA KQP?K I A KB PDA HKJIC PANT @AHERAN=>HEPU =J=HUOEO SEH E@AJIPEBU PDA JAAQ PK EJHQ@A EJ PDA O2# .

=Ju
Z ,AS G4 KN G4 ?IN?QEP0 PK OQLLKNP HK=@ CNKSPD £EJ UA=NO  PDNKQCD
Z OfCDP KB S=U =?MQEOEPEKI BKN =JU JAS G4 KN G4 ?EN?QEPO PK OQLLKNP HK=@ CNKSPD EJ
UA=NO =J@
Z ,AS G4 KN CNA=PAN 2eN?QEPO PK OQLLKNP HK=@ CNKSPD £EJ UA=NO  PDNKQCD
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2DA . (+ OAE=>HPU _#=JJEIC TNEPANE= ?KJOEOP KB B QHPELHA OP=J@=N@O =J@ =LLH?=>HA LK=JJIEIC
LNEJZELHAO PD=P EJ?HQ@A - (+ L#=JJIEIC LNK?A@QNAO ,#01 _H#=JJEIC 1P=J@=N@0 ,#O! OACIKJI=H
TKQJ?H LH=JJEIC 2NPANE= =J@ PDA EJ@ERE@Q=H 2N=J0 B EOOEKJ —SJIAN $#0 1 BHA@ LH=JIEIC NEPANE=

- (+ =LLHKAO =H =LLE?=>#A LH=JJEIC ?NPANE= SDAJ E@AJPBUEIC NAH=>HEPU LNK>HA 10 =J@ @APAN REJEIC
PDA JAA@ BKN OUOPA I QLCN=@AO KJ PDA . (+ OUCPA N ""AP=HO KB OLA?EBE? PNPPANE= =LLH?=>A PK PDA
R=NEKQO OP=CAO KB NAHE=>HPU L§=JJIEIC =NA @E0?QO0A@ =HKJIC SIPD PDA ?KNNAOLKJI@EJIC @E0?QO0EKJ KB
A=?D LNK?AQ@QNA BKQJ@ AOASDANA £EJ PDEO B =JQ=H

2DA . (+ 2N=J0 FfO0KJ —SJANO =NA NAMQINA@ PK BKHKS ,#0 1 =J@ OACEKJ=f -#=JJIEIC 1P=J@=N@O
=J@ ?NPANE= =0 SAH =0 PDA 2N=J0 BEO0tKJ —SJIAN $#0 T BHA@ ?NPANE= OABANAJ?AOQ PK PDA R=NKQO
L#=JJIEIC OP=J@=N@O =J@ ?NEPANE= ?=J >A BKQJ@ =P DPPL. SSS LF I ?K N LH=JJEIC LE=JJEIC

PNEPANE= =OLT.

Z OAHE=>HPUSINOP LLNKRA@ 1P=J@=N@O0 SEH >A =LLKEA®@ BKN =H OAH=>HPUSBINOP QHG #HAPPNE?
1UOPA I B="HPEAC

Z 1#07 OAH=>HPU TNPANE= SHH >A =LLHEA@ PK =Hf 1#0 1 JAPSKNGA@ PN=JO B EOOEKJ OUOPA 1 O N=PA@
G4 =J@ DECDAN

Z 2N=J0 BfOOKJ —SJIAN 0P=J@=N@O BEHA@ EJ PDAIN $#0 ! BEEJCO SEH >A =LLHEA@ PK =Hi B=7E£PEAO
EJ?1Q@A@ EJ PDA . (+ —LAJ  ??A00 2N=JO0 BfOOEKJ 2=NBB B="HPU HOP  HOK EJPAN?KIJA?PEKJO PK
2N=J0 BEOOEKJ —SJIAN B=2EHPEAO =NA 0Q>FA?P PK KSJAN OP=J@=N@O BKQJI@ =P
DPPL SSS LER 2K Li=JJEIC MAOLCT AJCEJAANEIC =OLT PDAOA =NA PA?DJIE?=H EJPAN?KIJA?PEKI
NAMQENA 1 AJPO =J@ @K JKP B=7PKN EJPK JA=N PAN T =J@ HKJC PAN T L#=JJEIC =J=HUOAO

-(+ D=EIP=EJO =HOP DPPL SSS LFE ?K1 B =NGAPO =J@ KLAN=PEKJIO KLO =J=HUOEO PN=JO B FOOIKJ
B=7HPEAD =OLT KB=H . (+ —LAJ ??A00 2N=JO B EOOEKJI 2=NeB8 B="HEPEAO =HKJIC SIPD SDE?D B="HEPEAO
=NA E3?HQ@A@ £J PDA - (+ NA=H PERA ?KJICAOPEKI B =J=CA I AJP ?KJIPNKH B="7EPU fEOP  KPD B="E{PU HOPO
=NA NABANAJ?A@ £EJ PDA . (+ OAE=>HPU _H=JJEIC TNEPANE=

2DA . (+ %AJAN=PKN ""AERAN=>HEPU _NK?A@QNA =J@ *K=@ ""AERAN=>HEPU _NK?A@QNA SHi >A =LLHEA@
PK =t B="EEPEAO EJ PDA - (+ NA=H PER A ?KICAOPKJ B=J=CA 1 AJP ?KJPNKHK B="HPU HEOP 2DAOA
LNK?A@QNAO =NA @AO?NE>A@ EJ PP=?DIAJP !

$KN = PAOPO . (+ SHK JKP =??ALP = HKOO KB HK=@ K8 B KNA PD=J +5 ENL=?PEIC JQ I ANKQO
?Q0PK BANO  PP=?DHAJP ™" ?KJIP=EJO = @AO?NELPEKJ KB PDA R=NEKQO HK=@ HKOO PULAO

OAREOEKJ #BBA?PERA ""=PA -(+ [
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Uncontrolled Load Loss ~ 3J?KJNKHA@ HK=@ 1KOO SKQH®@ NAMQINA KLAN=PKN EJPAN=PEKJ PK LNARAJP
OUOPA I ?=0?=@EJC KN PK NAPQNJ PDA OUOPA I PK =LLHE?=>#A N=PLICO KN RKP=CA tE REPO +=JQ=H KK=@

@Q I L =0 @ABEJAQ@ EJ - (+ —LAN=PEKJIO SKQi@ >A EI?HQ@A@ EJ PDEO ?=PACKNU 2DA . (+ OAHE=>HPU
-1=JJEIC TNEPANE= @KAO JKP =HKS BKN PDA OUOPA I @AOECJ PK LAN B EP 3J?KIPNKHAQ@ *K=@ *KOO BKN =JU
?KIPEICAI?EAO PD=P =NA OPQ@EA@

#T=1LHAO
Z A4KP=CA ?Ki=LOA

Z  B=HPU KRAMK=@ SEPDKQP =QPK I =PE? 0?DA 1 AO PK @NKL #K=@ =J@ SEPD JK =R=F=>HA
CAJAN=PEKJ PK NA @OL=P?D LNA ?KJPEICAJI?U

Consequential Load Loss ™ 1KJOAMQAJPE=H HK=@ #KOO K??QNO @QA PK PDA @ACECJ KB PDA OUCPA I
>QP @KAO JKP EJ?HQ@A =QPK I =PE? 0?DA 1 AO @AOECJIAQ PK @NKL HK=@ QJI@AN R=NEKQO ?KJI@EPEKJIO

#T=1LHAO
Z  PN=JOBKN I AN OANREJC N=@E=f HK=@ PD=P P=LO = JAPSKNGA@ ?IN?QFP
Z *K=@ PD=P O OANRA@ BNK I = N=@E=H 2EN?QEP

Controlled Load Loss due to Automatic Schemes ™ TKJIPNKHA®@ HK=@ 1KOO K??QNO @QA PK PDA
KLAN=PEKJ KB =QPK I =Pt? O?DA 1 AO PD=P =NA @ACECJIAQ PK @NKL HK=@ QJI@AN OLA?IBE? B =tIPAI=J?A
?KJ@EPEKJO

Planned Load Loss  TKJOAMQAJPE=A iK=@ KOO  TKJIPNKHA@ 1K=@ HKOO @QA PK =QPK I =PE?
0?DATAOD

2DA +5 PKP=f fK=@ HKOO f B P EO >=0A@ EtJ L=NP KJ = SA@AN=H NALKNPEIC NAMQENA B AJP BKN B =FKN
OUOPA I EJ?E@AJPO KJ AHA?PNE? LKSAN OUOPA BO  NABAN PK #HAPPNE? . KSAN 1UOPA | # 1 ANCAJ?U OALKN?
SKNE #' O ERL=7PL3C JQ N ANKQO ?QOPK I ANO

Non-Consequential Load Loss " '8 OFPQ=PIKJIO =NOA PD=P =NA >AUKJI@ PDA ?KJIPNKH KB . (+ PD=P
LNARAJP PDA E N LHA B AJP=PEKJ KB = TKWNAPPIRA  ?PEKJ _H=J EJ PDA NAMQINA@ Pt B ABN=T A PDAJ ,KJ

T KIJOAMQAJPE=H *K=@ *KOO =J@ ?QNP=Ef I AJP KB $INE 2N=J0 BEOOEKJ LANRE?A =NA LAN B EPPA@ PK ?KNNA?P
PDA OFPQ=PEKJ PD=P SKQH@ JKN I =HU JKP >A LANBEPPA@ EJ 2=>fA  LNKRE@A@ PD=P . (+ @K?Q I AJPO PD=P
PDAU =NA P=GEJC =?PEKJO PK NAOKHRA PDA OPQ=PIKJ . (+ OD=H#f @K?Q I AJP PDA OPQ=PEKJ ?=QOEJC PDA
LNK>HA R =fPANJ=PERAO AR=Q=PA@ =J@ PDA QOA KB ,KJ TKJIOAMQAJP=f *K=@ *KOO KN ?QNP=E{ K AJP KB
$INE 2N=J0 BEOOEKJ 1ANRE?A

$KN 2=>fA  ?KIPEICAJI?U ?=PACKNEAO PD=P LAN B EP JKJ ?KJIOAMQAJPE=H HK=@ tKOO . (+ SH# KIJHU QOA
PDEO =tHKS=J?A BKN B=7EHPEAO PD=P >A?K I A N=@E=H =BPAN PDA ?KJPEICAJ?U 3J@AN 0Q?D ?KJ@EPEKJIO

OARIOEKJ #BBA?PERA ""=PA -(+ [
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PP=?DRAJP # +=NGAP #BBE?EAJ?U  J=HUOEO #?KIK BE? AJABEP TKOP
O=PtK 2DNAODKIH@ 2A0P
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- (+ QOA0 = AJABP TKOP O=PIK PAOP PK @APAN I EJA SDAPDAN =J A?KIK IE? >=0A@ AJD=J?A 1 AJP KN
ATL=JOEKJ SHi >A EI?1Q@AQ@ £J PDA O2# . 1LAZHBE?=HU PK >A EJ?HQ@AQ £J PDA O2# . NA?K T 1 AJRAQ
PKPDA . (+ K=N@ KB +=J=CANO BKN =LLNKR=H PDA NAH=PERA >AJABIPO =J@ ?KOPO KB PDA A?KIK R E?
>=0A@ AJD=J?A 1 AJP KN ATL=JOtKJ 1QOP BAAP = AJABP TKOP O=PK 2DNAODKH@ KB =P HA=0P

2DA  AJABEP TKOP O=PK EO ?=f?QH=PA@ >U @ERE@EJIC PDA LNAOAJIP R=HQA KB PDA PKP= =JJQ=H >AJABP
LNKFA?PA@ BKNPDA  UA=N LANEK@ OP=NPEJC SEPD PDA O2# . UA=N @ABEJAQ@ =0 ?QWAJP UA=N LHQO

1£JQ0 >AJABPO BKN UA=NO SDANA PDA AJD=J?A 1 AJP O JKP UAP EJ OANRE?A >U PDA LNAOAJP R=HQA KB PDA
NARAJQA NAMQENA B AJP BKN PDA O= T A LAMK@  00Q N LPEKJIO BKN @APAN B EJEJIC PDA LNAOAJP R=HQA KB PDA
>AJABPO =J@ ?KOPO A C @E0?KQJIP N=PA =J@ =JJQ=H NARAJQA NAMQINA R AJP SE#i >A =1 KJC PDA

=00Q B LPEKJIO PD=P =NA ?KJOL@ANA@ >U PDA . (+ K=N@ A=?D UA=NPK >A QOA@ tJ PDA A?KIK R E?
Li=JJEIC LNK?A00

2DA  AJABP TKOP O=PK EO ATLNAOOA@ =0 BKHKSO

AJABP TKOP O=PEK  9.NAOAJP R=HQA KB PDA 2KP=t JJQ=f #ID=J?ANAJP AJABPBKNPDA  UA=N
LANEK@ OP=NPEJC SEPD PDA O2# . 7A=N @ABEJAQ@ =0 ?QNNAJP UA=N L#QO BERA BEJQO >AJABEPO BKN UA=NO
SDAJ PDA LNKFA?P EO JKP UAP EJ OANRE?A: d 9. NAOAJP R=HQA KB PDA 2KP=f #JD=J?A 1 AJP 1 KOP BKN PDA
0=0A  UA=N LANK@:

2DA LQNLKOA KB = AJABP TKOP O=PEK 2DNAODKH@ EO PK DA@CA =C=tJOP PDA QJI?ANP=EJPU KB AOPE I =PEJC
>AJABPO £J PDA BQPQNA =J@ PK LNKRE@A = @ACNAA KB =00QN=J?A PD=P = LNKFA?P SEPD =  UA=N JAP
>AJABP JA=N VANK SHi JKP >A =LLNKRA@ P PDA O= N A PR A PDA PDNAODKH@ EO JKP OK NAOPNE?PERA =0 PK
QINA=0KJ=>HU £ R EP PDA A?KJIK IE? >=0A@ AJD=J?A 1 AJPO KN ATL=JOEKJO PD=P SKQi@ >A AHCE>HA BKN
EJ?HQOEKJ EJ PDA O2# .

(o>+6 887?+h 82+8-/7/8> /8/G>

2DA >AJABP ?K I LKIAJIP KB PDA  AJABEP TKOP O=PEK 2KP=f JJIQ=H#JID=J?ANAJP AJABP [OPDA
0Q N KBPSK BAPNE?0 PDA "#JANCU +=NGAP AJABPa =J@ PDA "OAE=>HPU _NE?EJC +K@AF O .+

AJABP a U EJ?HQ@EJIC PDAOA PSK T APNE?O PDA >AJABEPO PK ?QOPK I ANO BNK B NA@Q?PEKJIO £EJ >KPD
AJANCU LNE?AO =J@ ?=L="tPU LNE?A0 =0 = NAOQH KB =J A?KJIK BE? >=0A@ AJD=J?A B AJP KN ATL=J0KJ
SHi >A P=GAJ EIPK =?7KQJP EJ PDA BKN I Q#=t? =J=fUOE0 2DEO 7K I LNADAJOERA PAQP ?=LPQNAO
?QOPK 1 ANOc >AJABEPO EJ PDA AJANCU B =NGAPO =J@ PDA ?=L=7PU 1 =NGAPO PD=P I =U ?KNNAOLKJ@ PK
NAOLKJOESEHEPEAO NAK=PA@ PK K>P=EJEJC NA=OKJ=>U LNE?A@ AJANCU =0 SAH =@AMQ=PA ?=L="tPU

#JIANCU +=NGAP AJABP
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PP=?DRAJP # +=NGAP #BBE?EAJ?U  J=HUOEO #?KIK BE? AJABEP TKOP
O=PtK 2DNAODKIH@ 2A0P

EIEJAC?NKH 9 : 9Change in Total System Capacity Cost:
EIEJAO?NKH 9 IChange in Load Capacity Payment:
EIEIAO?NKHReliability Pricing Benefit for Lower Voltage Projects
EJEJAO?NKH 9 : 9Change in Load Capacity Payment:

2DA 1D=JCAEJ 2KP=f 1UCPA R 1=L=2fPU TKOP O PDA @tHBBANAJ?A >APSAAJ PDA OQ I KB PDA B AC=S=PP0
PD=P =NA AOP I =PA@ PK >A ?HA=NA@ EJ PDA =0A OAOL@Q= Q?PKI QI@AN - (-0 OAE=>HFPU _NE?EIC
+K@AK ?=L=2EPU ?KIOPNQ?P PE 1 AO PDA LNE?AQ PD=P =NA AOPE I =PA@ PK >A ?KIP=EJA@ EJ PDA KBBANO BKN
A=?D 0Q?D ?HA=NA@ B AC=S=PP Pt A0 PDA JQ I >AN KB @=UO EJ PDA OPQ@U UA=N SEPDKQP =J@ SEPD PDA
A?KIK IE? >=0A@ AJD=J?A 1 AJP KN ATL=J0tKJ

2DA 1D=JCAEJ *K=@ T=L=2PU .=URAJP O PDA OQ I KBPDA ACPEt I =PA@ VKJI=HK=@ B AC=S=PPO EJ
A=?D _ (+ P\=J0 B EOOEKJ VKJIA PE B AO PDA AOPE I =PAQ@ $tJ=H 8KJI= 1=L=2PU _NE?A0 L=UBAJIPO L=t@
>U HK=@ £J A=7D PN=J0 B EO0EKJ VKJA BKN ?=L=2tPU QI@AN PDA OAKE=>HPU _NEPEIC +K@AK ?KIOPNQ?P

PER AO PDA JQ I >AN KB @=UO0 £EJ PDA OPQ@U UA=N EEtJQO PDA R=QA KB ¥=L="7EPU 2N=JOBAN OECDPO BKN
A=?D . (+ PN\=J0 IEO0KJ VKJA SIPDKQP =J@ SEPD PDA A?KJIK BE? >=0A@ AJD=J?A 1 AJP KN ATL=JOEKJ
2DA 1D=JCAEJ *K=@ T1=L=7PU .=U N AJP SHH >A AR=1Q=PA@ tJ PDA O=TA 1=JJAN =0 PDA ¥D=JCAtJ
#JANCU *K=@ -=UNAJIP *tGA BKNPDA TD=JCA EJ #JANCU *K=@ -=UNAJP EJ @APANREJEIC PDA
ID=JCA L] *K=@ ¥=L=70PU .=URAJP KU . (+ PN=J0 BEOOEKJ VKJAOQ PD=P ODKS = @A?NA=0A St >A
?KJOE@ANAQ@ £EJ @APAN REJEIC PDA 1D=JCAEJ *K=@ ¥=L=7PU .=URAJP

(o>+6 88?+6 82+8-/7/8> 9=

2DA =3JQ=f ?KOP KB PDA AJD=J7?A 1 AJP tO PDA NARAJQA NAMQENA I AJP KB PDA AJD=J?A 1 AJP 2DA

AJD=J?A 1 AJP0 =JJQ= NARAJQA NAMQINA 1 AJP £0 =J =00Q I LPEKJ PD=P O @ARAIKKLAQ@ >U . (+ =J@
LNAOAJPA@ PK PDA 2# T BKN @0?QO0EKJI =J@ NAREAS O OP=PA@ A=NEAN PDA >AJABIPO =J@ ?KOPO SEf
>A ?7KIOE@ANA@ KRAN PDA O=TAPERA LANK@ PDA  UA=N LANEK@ OP=NPEJC SEPD PDA O2# . UA=N
@ABEJAQ@ =0 7QWAJP UA=N LKQO  BEJQO UA=NO SDANA PDA LNKFA?P EO JKP UAP EJ OANRE?A
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P=?DUHAJP$ ""APANBEJ=PEKJ KB LUOPA N —LAN=PEIC *E B EPO QOA@ BKN
LH=JJEIC PDA  QHG #1A?PNE? 1TUOPA I

»+-277/8> />/<738+>398 90 "C=>/7 $:/<+>381 137H=2=/_ 09<
16+88381>2/ 7?65 6/-><3- "C=>/7

2DE0 @K?Q 1 AJP @AO?NE>AQ PDA LNK?A00 =J@ B A=0QNAO QOA@ >U . (+ PK @ARAKKL 1UOPA N —LAN=PEIC
*ERP0 1-* =J@ "IPAN?KIJA?PEKI OAHE=>HEPU —LAN=PEIC *E BP0 "O—* QOA@ BKN PDA LK=JJEIC
DKNEVKI *J - (+ -#=JJEIC =Hf #1 B="HEIPLAO =J@ "OAK=>HPU =J@ +=NGAPOa 0Q> #1 B="HIFAO =0
HOPA@ KJ PDA . (+ 2N=JO BEO0EKJI $="HEPEAO L=CAO =NA ?KJOL@ANA@ 1UOPA N —LAN=PEJC *E B PO

1_*

Definitions
JUOPA N —LAN=PEIC *tHEP 1—* £O @ABEJAQ@ EJ PDA ,#0O T %HKOO=NU KB 2ANE 0 =0

H $=7HPU O=PLJCO LUOPA I 4KHP=CA *t BP0 =J@ OP=>HEPU £ BP0 =LLH?=>HA PK OLAZEBEA@ 1UCPAL
?KIBECQN=PIKIO QOA@ EJ  QHG #HA?PNE? LUOPA B KLAN=PEKJIO BKN B KIPKNEJC =J@ =00AQ0EIC LNA =J@
LKOP TKJIPEICAJ?U KLAN=PEIC OP=PAO

- (0 _H#=JJEIC =J=HUOAO =NA @AOCECIAQ@ PK AJOQNA =t =LLHE?=>1A . (+ ,#O01T NACIKI=H{=J@

2N=J0 BEOOEKJ —SJIAN 2NEPANE= =NA AJBKN?A@ 2DEO O =??K I LEEODA@ PDNKQCD ATD=QOPERA =LLHE?=PEKJ
KB AOP=>{EODA@ - (+ B="7HEPU N=PEJCO EJ PDA KJ CKEJC OUOPA I LKSAN BKS =J@ ODKNP ZEN?QEP =J=HUOEO

- (+ AJOQNAO PD=P PO ATD=QOPERA =LLH?=PEKJ KB B=7EHPU N=PEICO =NA =HOK SEPDEJ OUOPA I @UJ=NE?

t 1 PO PDNKQCD OUOPA | @UJ=RE? PAOPEIC 2DEO @UJ=RE? PAOPEJC ?KJBIN B O PD=P . (+ OUOPA I KLAN=PEIC
£ BEPO =NA JKP B KNA H B EPEJC PD=J PDA H B PO AOP=>HODA@ QOEJC B=EHPU N=PLICO

$="HEPU O=PLIC [0 @ABEJAQ £J PDA ,#0 T %HKOO=NU KB 2AN 10 =0

Z 2DA I=TERQN KN NEJER QN RKWP=CA ?QNNAJP BNAMQAJ?U KN NA=H KN NA=7PERA LKSAN BiKS
PDNKQCD = B=EHPU PD=P @KAO JKP REKH#=PA PDA =LLHE?=>1A AMQEL I AJP N=PEJC KB =JU AMQEL B AJP
?K 1 LNEOEJC PDA B="HHPU

$="HEPU N=PEICO @APAN I EJA PDA BQI@= I AJP=H H B EPO KB PN=JO I OOEKJ OUOPA I AMQEL RAJP 1—*0 OD=H
JKP AT?AA@ PDA B=7EPU N=PEJCO 2DA B="HPU N=PLJIC EO >=0A@ KJ SDE?D ARAN @ARE?A KN ?K I LKJAJP EO
PDA HE REPEJC AHA | AJP KB PDA B="HEPU 0Q?D =0 = ?KJ@Q?PKN ?QNNAJP PN=JOBKN I AN @0?KJIJA?P OSEP?D
PIN?QEP >NA=GAN S=RA PN=L KN LNKPA?PERA NA#=U . (+ LH=JO PO OUOPA I 0Q?D PD=P JK B="7HEPU AT?AA@O
PDA B EP N=PEJC ?KJOEOPAJP SIPD ,#0 1! 1P=J0@=N@ 2.* 'J CAJAN= $=HEPU N=PEJCO EI?HQRAQ
£J PDA LH=JJEIC 1 K@AHO =NA AMQ=FHU £ REPEJC KN B KNA f REPEIC PD=J PDA B="EPU N=PEJCO AOP=>HODAQ@ EJ
=??KN@=J?A SEPD . (+ —LAN=PEKI 0 1—* B APDK@KHKCU *A0O0 ft REPEIC B="7EPU N=PEICO =NA QOAQ@ EJ
EJOP=J?A0 SDANA BQPQNA TKNNA?PIRA  ?PEKJ _#=J0 T .0 =NAENLHABAJPAQ@ =J@ KN = I >EAJP

PA I LAN=PQNA =00Q I LPEKJO EJ PDA 0A=0KJ=f Li=JJIEIC B K@AHO R=NU BNK I PDA =00Q I LPEKJIO QOA@ EJ
PDA KLAN=PEKI=H =J=HUOAQ =J@ N KJPPKNEJC EI NA=HPERA  @@EPEKJ=H EJBKN B =PEKJ ?KJI?ANJEIC 1—* ?=J
>A BKQJ@ EJ PDA . (+ 2N=J0 BEOOEKJ —LAN=PIKIO +=JQ=H + =J@ . (+ OAf=>HEPU T KKN@EI=PEKJ
+=JQ= +
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P=?DUHAJP$ ""APANBEJ=PEKJ KB LUOPA N —LAN=PEIC *E B EPO QOA@ BKN
LH=JJEIC PDA  QHG #1A?PNE? 1TUOPA I

J "JPANPKIJAPMKI OAE=>EPU —LAN=PEIC *ERD "O—* [0 @AKJAQG LJ PDA ,#0 1 %IK0O=NU KB 2AN10
=0
I LUOPAN —LAN=PEIC *EN P PD=P B RIKI=PA@ ?KQH@ KA=@ PK LIOP=>EPU QJ?KJIPNKHA@ OAL=N=PEKJ
KN 1=0?=@JC —QP=CAO PD=P =@RANOAIU £ I L="7P PDA NAE=>HEPU KB PDA  QIG #4AZPE? LUOPA I

'J PDA LE=JJEIC DKMEVKI . (+ =J=fUOAO AT=IEJA =J@ NARA=f PDA REKH=PEKJO KB =LLHE?=>A ?NEPANE=
2DE0 EJ?HQ@AO REKH=PEKIO =BBA?PLIC . (+ B KJIPKNA@ B=7EHPEAO =P =t RKHP=CA HARAHO =0 SAH =0
REKH#=PEKJO PD=P §=U D=RA SE@AOLNA=@ E I L=7PO =BBA?PEJC PDA QiG #HA?PNE? 1UOPA T =J@ =JU HKSAN
RKHP=CA B=7HPEAO PD=P =NA B KJEPPKNA@ >U . (+ —LAN=PEKJO SD?D B=U >A AfECE>HA BKN @AOECI=PEKJ =0
'O—*0 . (+ Lt=J0 OUOPA I QLCN=@AO BKN REKH#=PEKJIO KB =LLH?=>#A ?NPANE= PDQO 'O—* @AOECJI=PEKJIO
=NA JKP PULE?=HHU NAMQINA@ BKN PDA QLCN=@A@ OUOPA I £J PDA LH=JJEJC DKNEVKI - (+ 2HKOAHU PN=2GO
PDA LNKFA?P OP=PQO =J@ N EHAOPKJIAO KB =H Li=JJA@ QLCN=@A0 KJ = BNAMQAJP =J@ NA?QNWEJC >=0t0 $KN
>=0AHEJA NAE=>HEPU QLCN=@AO0 PDA LNKFA?P PN=?GEJC tO ?KKN@EJ=PA@ SEPD PDA AJPEPU PD=P D=0 >AAJ
@AOCECJI=PA@ PDA ?KJIOPNQ?PEKJI NAOLKJOESHEPU PULE?=HU PDA 2N=JO B EO0EKI —SJAN ‘B PDA O?DA@QHA BKN
E N LHA B AJP=PEKJ BKN = LE=JJA@ QLCN=0A @KAO JKP I AAP PDA EJ OANRE?A @=PA NAMQENA@ BKN OUOPA I
NAfE=>EHPU EJ PDA Li=JJEIC KN KLAN=PEJC DKNEVKI - (+ SHH LANBKN B =@@EPEKI=H =J=HUOEO PK @APAN REJA
=JU =HPANJ=PERA L#=J0 PD=P JAA@ PK >A P=GAJ PK AJOQNA OUOPA I NAH=>HHPU EJ?HQ@EJC PDA

AOP=>0D R AJP KB =J 'O—* $KN =@@EPEKI=H EIBKN B =PEKJ KJ 'O —*0 BKN PDA KLAN=PEJC DKNEVKJ OAA PDA
PJM Transmission Operation Manual (M03) =J@ PDA PJM Reliability Coordination Manual
(M37).

- (00 -#=JJEIC 1 APDK@KHKCU PK @APAN REJA 'O —* B="HEPEAO OF I QH=PAO PN=JOBANO =?NKOO = B="HEPU KN
EJPANB=?A ?K I >EJ=PIKJ KB B="HEPEAO 7K I L=NJC PDAN I =f =J@ RKP=CA REIK#=PEKIO =00K?t=PA@ SID =
B=7EHPU 2DA PN=JO0BAN 0?AJ=NKO QOA@ >U . (+ -#=JJEIC =NA AOP=>HODA@ PDNKQCD PDA =LLHE?=PKJ KB
- (-0 QAERAN=>EHPU PNEPANE=  @@EPEKJ=H EJBKN B =PEKJ KJ - (0 @AERAN=>HEPU 2NEPANE= EO EJ?HQQ@AQ EJ

P=?DBAJP ¥ KBPDEO B=JQ= . (+ ?4=00HBEAO = B="HPU =0 =J "O—* B="HEPU KJ PDA JAPSKNG BB SE@A
=NA= RK#P=CA REKK=PEKJIO K??QN =P PN=JOBAN HARAHO PD=P =NA JA=N PDA *K=@ *"Q I L PDAN N =H {E R EP

0 L=NP KB PDA @ARAHKL B AJP KB PDA . (+ OACEKJI=H 2N=J0 B fOOIKJ #TL=J0KJ .#=J 1—-*0 SDE?D
?KQH@ NAOQH EJ OUOPA I EJOP=>HEPU KN QJI?KIPNKHA@ ?=07=@tIC KQP=CAO =NA E@AJPBEA@ =J@ OUCPA I
NAEJBKN?A B AJPO =NA @ARAHKLA@ tH 1—*0 =NA B KJIPPKNA@ BKN REKH=PEKJO

SOL and IROL use in Planning

- (+ LK=J0 PO OUOPA I >=0A@ KJ PDA 1 KOP NAOPNE?PERA 1UOPA I —LAN=PEJC *EHEPO 0Q?D =0 +5

+4 N BLANAO $NAMQAJ?U KN 4KHO KB EPO B="EHPEAO BKN PDA OUOPA I ?KJBECQN=PEKIO =J@
?KIPEICAI?U ?KI@EPEKIO PD=P NALNAOAJP PDA I KOP OPNEJCAJP KB PDA =LLK?=>fA . (+ ,#01 NACIKI=H
KN 2N=J0 REOOEKJ —SJAN ?NEPANE= KRAN PDA L#=JJEJC DKNEVKJ 2DA 1UOPAR —LAN=PEJC *E R EPO QOAQ PK
L#=J PDA OUOPA I =NA ?KJOEOPAJIP SEPD PDA B=?HEPU N=PEJCO OUOPA I RKHP=CA H BP0 =J@ OP=>HEPU £ B PO
QOA@ EJ —LAN=PEKIO 4KH#=CA f 10 =J@ =JU AT?ALPKJ PK PDKOA H B PO =NA E@AJPBEA@ EJ PDA _ (+
2N=J0 B EOOEKJ —LAN=PEKJ +=JQ= +

J "JPAN?KIIJA?PEKI OAHE=>HPU —LAN=PEJC *ERP [O PDA R=QA 0Q?D =0 +5 +4 N E1LANAO
$NAMQAJ?U KN 4KHO PD=P EO @ANERA@ BNK I KN EO = OQ>0AP KB PDA 1UOPA N —LAN=PEJC *EREPO SDE?D B
AT?AAQAQ@ ?KQH@ ATLKOA = SE@AOLNA=@ =NA= KB PDA  QiG #1A?PNE? LUOPA I PK EJOP=>HEPU
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P=?DUHAJP$ ""APANBEJ=PEKJ KB LUOPA N —LAN=PEIC *E B EPO QOA@ BKN
LH=JJEIC PDA  QHG #1A?PNE? 1TUOPA I

QJ?KIPNKHA@ OAL=N=PEKJ O KN ?=0?=@JC KQP=CAO . (+ OAf=>HPU ! KKN@EI=PEKJ +=JQ= +
@ABEJAO . (+cO 1 APDK@KHKCU BKN @APANIEJEIC B KIPKNEIC =J@ ?KIPNKHEIC 'O —* B="HEPEAO

» Q?HA=N _KSAN _#=JP %AJAN=PKN —LAN=PKNO =NA NAMQINA@ PK PN=JO REP , Q?HA=N _#=JP "JPANB="A
OAMQINARAJP , .'O PK PN=JO REOOEKJ AJPEPEAO 2DA PN=JO B EOOEKJ AJPEEAO =NA NAMQINA@ PK EJHQ@A
PDKOA L=N= 1 APANO EJPK LH=JJEIC =J@ KLAN=PEKJI=H =J=HUOEO KLAN=PA PK N AAP PDKOA L=N= 1 APANO
=J@ EIBKN B PDA JQ?HA=N £?AJOAAO SDAJ PDKOA L=N= 1 APANO ?=JJKP >A B AP BKN =JU NA=0KJ $KN
@AP=HO LIA=0A NABAN PK +=JQ= +  1APEKI DPPL SSS LFR ?KE W RAQ= OK?Q BAJPO K =J0=H0
I =0DT

PJM Planning SOL Methodology

- (-0 OAfE=>HPU _#=JJEIC 1 APDK@KHKCU BKN @APAN IEJEIC 1—*0 QPEEVAO B QHELHA OP=J@=N@0 =J@
=LLHE?=>A Li=JJEIC LNK?A@QNAO EJ?HQ@EIC PDA . (+ OAK=>HPU .#=JJEIC TNPANE= ,#01 _#=JJEJC
1P=J@=N@0 2.* OACEIKJI=H OAE=>HPU —NC=JEV=PKJ ?NEPANE= =J@ EJ@ERE@Q=H 2N=J0 B EOQEKJ
—SJAN $#0 ¥ BHA@ ?NEPANE= *J = ?=0A0 . (+ =LLfAO PDA B KOP ?KJOANR=PERA KB = =L LHE?=>A
L#=JJEIC ?NEPANE= SDAJ EQAJIPEBBUEIC NAKE=>EHPU LNK>HA RO . (+ PAOPO PDAOA ?NEPANE= KJ = NACEKJ=H
>=0f0 EJHQ@EIC =Hf B="EHPEAQ SEPDEJ [P0 BKKPLNEJP  tH 1 —*0 =NA B KJIEPKNA@ BKN PDAN I =t RK#P=CA =J@
OP=>HEPU REKH=PEKJO OA I A@E=PEKJ LH=JO =NA @ARAHKLA@ PK B EPEC=PA PDA REKH=PEKJO PD=P AT?AA@ PDA
AOP=>{ODA@ 1—*  § PO

- (+t0 @GARAIKLO 1 K@AWO BKN OLAZEBE? Lk=JJEIC DKIEVKJIO QOEJIC PDA H=PAOP #=0PANJ OAKE=>HU

00AOO BAJP %NKQL #O % BKNEAWU ++5% | KQAEJIC EIBKN I =PEKJ =R=Fi=>#A BKN PDA =LLIE?=>HA
L4=JJEIC LANK® — @AP=SA@ I K@AKF0 QPEEVAQ BKN - (-0 EJPANI=H OUOPA R PN=JO I E00FKJ KSJAN
QJ@AN . (40 BKKPLNEJP SDHA PDA H=PAOP #0O % 1 K@AH BKN PD=P Lk=JJEIC LANK® FO QOA@ BKN B=2HEPAO
KQPOEGA KB - (+ PK EJPKNLKN=PA 2MPE2=H I KQAEIC @AP=HO KB KPDAN ?KJIPNKH =NA=0  @@FEKJ=H
EJBKN I =PiKJ =>KQP . (40 >=0A ?=0A @ARAIKL 1 AJP LNK?A@QNAQ ?=J >A BKQJ@ £J OA?%KJ KB PDEO
1=JQ=

- (+ NAE=>HEPU LH=JJIEIC ?NEPANE= NAMQENAO PD=P PDA OUOPA I >A PAOPA@ BKN = #1 OEJICHA ?KIPEICAJI?U
KQP=CAO =J@ =t 7K 1 1 KJ BT K@A KQP=CAO KN BKJ BK@A KQP=CAO ?KJOEOP KB fEJA B=QH0 ?KQLHA@
SHPD = 0PQ?G >NA=GANO PD=P NAOQHP EJ N QPELHA B=7HEPU KQP=CAO @KQ>#A 7EN?QEP PKSANEJA KQP=CAOQ =J@
>Q0 B=QH0 EJ PDA . (+ OUOPAR . (0 Li=JJEIC LNK?A@QNAOC NAMQINA =t ,#OY . . . . .

- - =J0 - ?KJI@PEKJIO >A PACPA@

SDAJ =LLNKLNe=PA _ (+ SHHE@AJIPEBBU =J@ EN LIABAJP OA N A@E=f ?PEKJ 1?DARAO 'BPDA O?DATAEO
NAMQEINA@ BKN NAKE=>EHPU LQNLKOAO KLAN=PEKJI=f LANBKN B =J?A KN PK NAOPKNA PDA OUOPA I PK = NAHE=>A
OP=PA BKHKSEJC = OECJIEBE?=JP PN=JO B EOOEKJ B="HEPU ARAJP KLAN=PEKJ KB PDA 0?DA I A SHi >A PACPA@ £J
PDA KJ CKEJC LH=JJIEIC =J=HUOEO 1AA PDA 2N=JO BEOOEKJ —LAN=PEKIO +=JQ= +

DPPL SSS LK 2KI W BA@= @K?QBAJPO B=J0=f0 I =ODT BKN =@@EPEKJ=H EIBKN I =PEKJ
?KJI?ANJEIC OA N A@E=H ?PKJ 17DATAQ

2DA . (+ LH=JJIEIC LNK?AO0O EI?HQ@AO = OANEAO KB @AP=HA@ =J=HUOAO PK AJOQNA NAH=>EEPU QI@AN PDA
1 KOP OPNEJCAJP KB =LLHE?=>HA ,#01 _ (+ KN iK?= 2NPANE= 2DNKQCD PDEO LNK?AQ0 REKH=PEKJIO KB
OUOPA I KLAN=PEJC H B EPO =NA E@QAJPBBEA@ 1UOPA I NAEJBKN?A 1 AJPO NAMQINA@ PK B EPEC=PA PDA REKH=PEKJO
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">+,33>C

- (+ -#=33E3C ?KI@Q?PO OP=>HEPU OPQ@EAC PK AJOQNA PD=P PDA L#=JJA@ OUCPA I ?=J SIPDOP=J@ ,#O!
PNEPANE= @EOPQN>=J?A0 =J@ B =EJIP=tJ OP=>HA KLAN=PEKJ PDNKQCDKQP PDA . (+ L#=JJIEIC DKNEVKI

, #O T 2NEPANE= @EOPQN>=J?A0 =NA PDKOA NAMQINA@ >U PDA , #O T Li=JJEIC 2NEPANE= =LLH?=>A PK
OUOPA R JKN B =H OEJCHA AHA B AJP KQP=CA =J@ ?K 1 1KJ BK@A BT QfELHA AfA B AJP KQP=CA ?KJ@EPEKJIO
2DA0A ?KJ@EPEKJO =NA OLA?IBEA@ EJ PDA ,#0 1 =LLNKRA@ 2N=JO BEO0EKJ _#=JJEIC 2.* OAf=>HPU
1P=J@=N@O PD=P ?=J >A BKQJ@ KJ PDA ,#01 SA>0FPA SSS ,#0! 7KK A?=Q0A PDAOCA
0P=J@=N@0 ?D=JCA BNK I PEN A PK Pt I A PDAU =NA EJ?HQ@A@ DANA >U NABANAJ?A 'J =@@EPEKI . (=0
=J=fUOAO =#OK O=PEOBU PDA 2N=JO B EOOEKJ —SJAN OLAPEBE? OP=>HHPU LN=7PE?A0 =J@ LNK?A@QNAO =0 I =U
>A =LL{E?=>HA SDAJ PDAOA =NA B KNA @A 1 =J@EJC PAOPO PD=J PDA OP=J@=N@ ,#O T ?NPANE= PAOPO
=LLKA@ >U . (+ 1 2N=J0 BEOOEKJ —SJIAN OLAZEE? EIBKN B =PEKJ =J@ ?NEPANE= PD=P AT?AA@ standard
testing of NERC criteria =J@ =NA =LLHE?=>A PK . (+ NAE=>HPU >=0A@ O2# . OP=>HPU =J=HUOAO =NA
EI?HQ@AQ@ KN NABANAJ?A@ EJ PDA  LLAJQ@ET PK PDEO  PP=?D R AJP 2N=J0 BEOOEKJ —SJIAN OP=>HPU 2NEPANE=
BHA@ =0 $#0 T $KNT LK =J@ LKOPA@ KJ . (40 SA>0PA =J@ JKP EI?HQ@AG EJ PDA  LLAJ@ET
1=U >A QOA@ PK OQLLKN? 2N=J0 REOOtKJ —SJAN BQI@AQ@ QLCN=@A0 2DA ?QWNAJPU =LLNKRA@ RANOEKJ
KBPDEO LLAJ@ET =P PDA ?K 1 B AJ?A R AJP KB PDA O2# . LNK?AOO SEf >A PDA >=0t0 BKN PD=P >=0AJA
02# . =J0@ NAH=PA@ CAJAN=PKN TU?HA =00A00 I AJPO . (40 OP=>HEPU =J=HUOAQ RANEBU O=PEOB="PKNU
LNKFA?PA@ OUOPA I LANBKN B =J?A KRAN PDA N=JCA KB =JPE?EL=PA@ #K=@ HARAHO =J@ EQAJPBU =JU JAAQ@
BKN QLCN=@AO0 KLAN=PEJC CQI@AO KN OA R A@t=f ?PKJI 1?DABAQ PD=P I =U >A EJ@E?=PA@ >=0AQ@ KJ
OP=>HEPU KN ODKNP ?EIN?QEP PAOPEJC =0 = LNE B =NU @NERAN *J CAJAN=K PDA N KOP =LLNKLN=PA NA 1 A@U PK

, #O 1 2NPANE= REKH#=PEKJO EO = OUOPA I QLCN=@A 'J ?EN?Q 1 0P=J?A0 EJRKHREIC ?NEPANE= PD=P CK >AUKJ@
- (00 OP=J@=N@ PAOPEIC KB , #0O ¥ ?NPANE= KLAN=PEJC CQI@AO KN OA N A@t=H ?PEKJ 17DATA

NA 1 A@AO I =U ={OK >A ?KJOE@ANA@ =0 @0?Q00A@ BQNPDAN EJ PDEO  PP=?D RAJP =J@ PO LLAJ@ET
»AS OATAQ@=f 7?PEKJ 1?7DABAO DKSARAN =NA CAJAN=HU =RKE@A@ =J@ B ?KJOL@ANA@ NAMQENA
?=0A >U ?=0A NAREAS =J@ FQOPBE?=PEKJ  #OK ?ANP=EJ OLA?EBE? =NA=0 KB . (+ D=RA >AAJ [QAJIPHBIAQ
PDNKQCD . (+ KN 2N=J0 BEOOEKJ —SJAN =J=HUOEO =0 OP=>FHPU B EPA@ =NA=0 KB PDA OUOPA R 'J 0Q?D
=NA=0 KB PDA OUOPA R OP=>HEPU KLAN=PEJC CQE@AO B =U =LL{U $KN NAI=PA@ EIBKN I =PEKJ OAA _ (+
+=JQ=f =PDPPL SSS LfE ?KN H>N=NU §=JQ=0 =OLT

ENEPE?=H OUOPA I ?KJ@EPEKJO BKN OP=>HEPU =J=HUOEO KJ PDA . (+ OUOPA I =NA CAJAN=fHU ?D=N=7PANEVA@
>U HCDP 1K=@ =J@ LA=G fK=@ 1UOPA T LA=G HK=@ HARAHO OD=H EI?HQ@A = tK=@ I K@AH SDANA
=LLE?=>fA SDE?D NALNAOAJPO PDA ATLA?PA@ @UJ= IE? >AD=REKN KB tK=@0 PD=P ?KQH@ t I L=2P PDA OPQ@U
=NA=?KJOE@ANEJC PDA >AD=RIKN KB EJ@Q?PEKI B KPKN HKK=@0 J =CCNAC=PA OUOPA I HK=@ B K@A# SDi?D
NALNAOAJPO PDA KRAN=H @UJ= I £? >AD=REKN KB PDA HK=@ EO =HOK =??ALP=>fA SDANA =LLH?=>HA 'J
AT?ALPEKI= ?=0A0 . (+ B=U=@@ =tPANJ=PA tK=@ PAOPEIC SDAJ . (+ @APANIEJAO PD=P =J =HPANJ=PA
HK=@ HARAH B =U >A PDA ?NEPE?=H HK=@ HARAH BKN OUOPA I OP=>HHPU BKN PDA fE B EP=PEKJ QI@AN NAREAS _A=G
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HK=@ OP=>HEPU =J=HUCEO NA=PA@ PK JAS EJPAN?KIJA?PEKIO KB SEJ@ PQN>EJAO =J@ PDAIN KKS RKIP=CA NE@A
PDNKQCD LANBKN B =J?A SE =fOK >A LANBKN I A@

1UCPA I ?KJ@EPEKIO B KOP NEPE?=H BKN OP=>HEPU =J=HUOEO KJ PDA . (+ OUOPA I =NA CAJAN=H#U
?D=N=7PANEVA@ >U HCDP HK=@ . A=G HK=@ =J=HUOEO E0 =@@A@ BKN OP=>HEPU NAREASO PD=P LJRKIRA JAS
?KIJA?PEKIO KB SEI@ PQN>EJAO =J@ LANBKN B =J?A KB HKS RKHP=CA N@A PDNKQCD PAQOPEIC 'J AT?ALPEKI=H
?=0A0 . (+ I=U=@@ DA=RU tK=@ PAOPEJC BKN KPDAN PULAO KB QJIPO SDAJ . (+ @APANEEJAOQ PD=P
DA=RU fK=@ B =U >A PDA ?NEPE?=H tK=@ HARAH BKN OUOPA I OP=>HPU BKN PDA fE B EP=PEKJ QI@AN NAREAS

- (0 OP=>EHPU =J=HUOAO AJOQNA PDA @Q=H K>FA?PERAO KB OP=>HEPU KB JAS EIPAN?KIJA?PEKI LNKFA?PO
=JO OUOPA R SE@A OP=>HPPU . (+ ?KJ@Q?PO ,AS 1ANRE?A OAMQAOP OP=>EPU OPQ@EAO 2DAOA =J=HUOAQ
AJOQNA JASHU ?KIJA?PEIC LNKFA?PO =J@ JA=N>U ?D=JCAO PK PDA OUOPA I ?KJBECQN=PEKJ B =EJP=tJ PDA
OP=>HEPU KB PDA LNKFA?P =J@ PDA OUOPA 1 1PQ@U KB PDAOA LNKFA?PO #K?=PA@ PDNKQCDKQP . (+ LNKRE@AO
= PDKNKQCD KJCKEJC NAREAS KB . (+ >KPD =P PDA LNKFA?P HARAE =J@ OUOPA I SE@A 'J =@@KJI A=?D
UA=N . (+ ?KJI@Q?PO = NA OPQ@U KB KJA PDIN@ KB ATEOPEIC . (+ CAJAN=PEKJ OP=PEKJO 2DEO NAOQHO EJ =
PDNAA UA=N ?U?HA KB KJ CKEJC NA OPQ@U KB PDA AJPINA . (+ OUOPA R . (+ =fOK LANBKN B O =@@EPEKI=H
OUOPA T SE@A OP=>HPU =J=fUOAO @QNEJC PDA =JJQ=H O2# . NAREAS 'J =@@FKJ =0 1=U >A NAMQINA@
BNK B ERAPKPERA . (+ ?KI@Q?PO OP=>HPU =J=HUOAOQ PK AR=Q=PA PDA @UJ= I E? LANBKN I =J?A KB
=7PQ=H KN LKOOE>fA B =FKN BQPQNA OUOPA I @ARAKKL B AJPO $KN AT= 1 L#A = LNKLKOA@ JAS >=7G>KJA
PN=JO B EOOEKJ LNKFA?P KN LNKHKICA@ QJATLA?PA@ >=?G>KJA PN=JO0 B EOOEKJ KQP=CA £J = OP=>fHPU
OAJOMPERA =NA= SKQH@ >A ?=Q0A BKN = OLA?EBE?=HU P=NCAPA@ OUCPA I OPQ@U  JKPDAN ?=QOA ?KQi@ >A
PDA JAAQ@ PK AR=Q=PA OUOPA I LANBKN I =J?A NAOQHEIC BNK I I =FKN @ARAHKL § AJPO =BBA?PEIC LKSAN
=J@ AJANCU LKHE?U

C8+73-=%U<9-/ _.?2</=

2DE0 OA?PEKI LNKRE@AO = DECD HARAH NAREAS KB PDA LNK?AQ00 KB OAPPEIC QL =J@ LANBKN BEJC @UJI=RE?0
=J=HUOAO

G.2.1 Dynamics Reference Cases

OABANAJ?A LKSAN BKS ?=0A0 BKN OP=>EPU =J=HUOEO =NA ?NA=PA@ £J = OE B &=N B =JJAN PK PD=P KB PDA
LKSAN BKS NABANAJ?A ?=0A0  @@EPEKJI=H EJBKN I =PIKJ DKSARAN EO JA?AQ0=NU BKN OP=>HPU OPQ@EAQ PK
OF 1 QH=PA PDA ?K 1 >EJA@ @UJ= N E? NAOLKJOAO KB R=NEKQO LKSAN QUOPA T ?K I LKJAJPO 'J2HQQEAQ EJ
PDEO =@@EPEK I=H EJBKN B =PEKJ =NA @UJ=N1E?0 1 K@AHO BKN CAJAN=PKNO AT?EP=PEKJ OUOPA RO LKSAN
OUOPA I OP=>HEVANO CKRANJKNO HK=@0 =J@ R=NKQO KPDAN AMQEL § AJP 2DA NAMQINA@ @UJ=NE? =J@
KPDAN B K@AHJC EIBKN I =PEKJ PD=P 1 QOP >A OQLLHA@ >U CAJAN=PKNO EJPAN?KIJA?PEIC PK PDA . (+
OUOPA I O @AP=HA@EJ +=JQ=f &  @UJ=NE? Of I Qi=PEKJ KJGO PDA QUOPA T I K@AH KN LKSAN BIKS
EIBKN B =PEKJ SEPD PDA @UJ=NE? @=P= KN 1 K@AHO PK @APAN I EJA B PDA OUOPA I =J@ CAJAN=PKNO S

NA I =£J OP=>HA BKN OPA=@U OP=PA =J@ R=NEKQO @EOPQN>=J?A0 2DA ?QWAJP O2# . 0Q 1 1 AN LA=G ?=0A
E0 QOA@ =0 = OP=NPEJC LKEJP PK ?NA=PA JAS @UJ=N1E?0 ?=0A0 HCDP tK=@ =J@ LA=G tK=@ $KN

AT= 1 LHA PDA O2# . =J=HUOEO EO LANBKN I A@ BKN PDA ?QNNAJP UA=N LHQO BERA =R=t=>HA A=NiU EJ A=?D
?=HAJ@=N UA=N =J@ QL@=PA@ BKN PDA BERA UA=N KQP O2# . =J=HUOAQ EJ A=NMU B=t K8 A=?D ?=fAJ@=N
UA=N 2DA OP=>EHPU ?=0A OAPQL O BKN PDA O=1 A OPQ@U UA=N QOEJC PDA QL@=PA@ O2# . ?=0A 2Di0
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QL@=PA@ O2# . LKSAN BKS ?=0A =J@ PDA =00K?t=PA@ OP=>EPU ?=0A >A?K I A PDA >=0AEJA ?=0A0 BKN
PDA _D=0A " 1UCPAN "I L=7?P 1PQ@EAQ PD=P AR=HQ=PA , AS 1ANRE?A OAMQAOPO 'J PDA ARAJP PD=P
OP=>HEPU =J=HUOEO 0 JAA@AQ@ >AUKJ@ PDA , A=N 2ANT PDA *KJC 2ANT 2N=JO BEOOEKJ -H=JJEIC
&KNEVKJ LKNPEKJ KB PDA OP=>E#PU =J=HUOEO OD=f >A =00A00A@ PK =@@NAOO PDA E I L=2P KB LNKLKOA@

I =PANE=f CAJAN=PEKJ =@@EPEKIO KN ?D=JCAO £J PD=P PE I ABN= 1 A =J@ >A OQLLKNA@ >U ?QNNAJP KN L=0P
OPQ@EAO =J@ OD=H EJ?HQ@A @K?Q B AJP=PEKJ PK OQLLKNP PDA PA?DJE?=f N=PEKI=HA BKN @APAN I EJEIC

1 =PANE=f ?D=JCAO

G.2.2 Dynamics Analysis

2DA PSK @UJ=1E?0 ?=0A0 —NeCEJ=PA BNK I PDA O2# . _KSAN $tKS T=0A PD=P EO ?NA=PA@ BKN PDA
=JJQ=H O2# . _#=J =J=HUOAO 2DA O2# . ?U?HA [0 @ALE?PAQ@ EJ +=JQ=H #TDE>P  2DA
NABANAJ?A LKSAN BIKS ?=0A [0 NAREASA@ =J@ I K@EBEA@ =0 JA?A00=NU PK ?KNNAOLKJ@ PK PDA
@UJ=1£?0 @=P=>=0A SDE?D tJ?HQ@AO ATPANJ=f SKN@ @UJ= RE?0 @=P=BNK I PDA #=0PANJ
'IPAN?KIJA?PEKI OAKE=>HPU O0AOO I AJP CNKQLCO +QHPE OACEKI=H +K@AEJIC SKNGEIC %NKQL =0 SAH
=0 . (+ @=P= 'J =Q@Q@PKJ PDA ?=0A 0 I K@HBEA@ PK EJ?4Q@A CAJAN=PKN OPAL QL PN=JOBKN I ANO =J@
ATLE??P 1 K@QAHEJIC KB CAJAN=PKN OP=PEKJ OANRE?A LKSAN QOA =HKJC SIPD CNKOO CAJAN=PKN N=PEJC  HOK
>A?=Q0A KB PDA @A 1=J@0 KB @UJ=NE?0 =J=HUOAO ?KJOP=JP LKSAN tK=@ NALNAOAJP=PEKJO EJ PDA
LKSAN BKKS ?=0A =NA NALH=?A@ SPD 2N=J0 Ft00EKJI —SJIAN LNKREQAQ@ HK=@ I K@AH# NALNAOAJP=PLKJO 'J
HECDP #K=@ NALNAOAJIP=PEKJO LQ B LA@ OPKN=CA NAOKQN?AO =NA EJ LQ I LEJC B K@A

2DE0 LNK?AQO EO BKHKSA@ PK @ARAHKL OP=>HPU OAPQLO BKN =J=HUOEO KB =i . (+ EJPAN?KIJA?PEKI
NAMQAOPO *J =@@EPEKJ - (+cO OUOPA I OP=>EHPU =J=HUOAO SEfi QOA PDA 1 KOP ?QWAJP =R=H=>#A OAPQL
BNK B PDEO ?KJIPEIQKQO @ARAHKL B AJP LNK?AQO

Testing

BPAN PDA @UJ=R1E?0 B K@AH OAPQL @UJ= RE? ?=0A EJPPE=EV=PIKI =J@ =??ALP=J?A PAOP =NA ?KJ@Q?PAQ@

BPAN ?=0A RANEBE?=PEKJ PDA BEJ=f EJEFE=HEVAQ@ OAP KB LKSAN BHKSO =J@ PDA =00K?E=PA@ 0J=L ODKPO
=HKJIC SIPD PDA =00K?E=PA@ @UJ= I E? NQJ BHAO =NA =R=H=>fA QLKJI NAMQAOP PK _NKFA?P ""ARAHKLANO
=J@ KPDANO SDK D=RA = HACEPE I =PA JAA@ BKN PDA EJBKN B =PEKJ 0Q>FA?P PK =LLHE?=>#A T KIBE@AJPE=HPU
=J@ YNEPE?= #JANCU "JBN=OPNQ?PQNA "JBKN I =PIKJ LNK?A00A0 OAA . (+ —LAN=PEIC CNAATAJPY
=J@DPL SSS LFE ?KE H>N=NU NAMQAQP =??A00 BKN I A NAMQAQP =OLT

Dispatch

2DA =00Q I LPEKIO QOA@ BKN CAJAN=PEKJ @EOL=P?D ?=J >A ?NEPE?=H PK PDA NAOQHO 'P EO CAJAN=HU
=??ALPA@ PD=P QJEPO KLAN=PEIC =P PDAEN DECDAQP LKOOE>HA LKSAN KQPLQP =J@ CAJAN=PEIC =0 HEPPHA
NA=?PERA LKSAN =0 JA?A00=NU PK N =tJP=EJ RKIP=CAO =NA HGAHU PK >A HAOO OP=>#A , KNE=HU =J@ PK
PDA ATPAJP SDANA JK NAOQHEIC PDAN I =f KRANK=@0 K??QN QJ@AN OUOPA R JKNE = =J@ ,
?KIPEICAI?U ?KI@EPEKIO PDA QJIEPO EJ PDA RE?EJEPU KB PDA LNKFA?P QI@AN OPQ@U =0 SAH =0 PDA OPQ@U
QJP O SEHH >A PQNJA@ KJ PK PDAEIN B=TERQ I NA= LKSAN KQPLQP SEPD QJFPU LKSAN B=2PKN =P PDA DEICD
OE@A KB PDA %130 KN QJIPOc 4 O KQPLQP SHH >A =@FQOPA@ PK DKH@ 0?DA@QHA@ RKIP=CAO @ALAJ@EIC
KJ OLA?EE? 2N=J0 BEO0EKJ —SJIAN 2NPANE= SEI@ B="HEPEAO =NA PAOPA@ =P HECDP HK=@ BKN OP=>HEPU =J@
LA=G HK=@ BKN iKS RKHP=CA NE@A PDNKQCD =P KB PDAIN B=TERQ N AJANCU R=HQA 'J =Q@@tPtKJ

OARIOEKJ #BBA?PERA ""=PA -(+ [


http://www.pjm.com/library/request-access/form-ceii-request.aspx
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PDA @= B LEIC PNAJ@ KRAN PDA @QN=PEKJ KB PDA OP=>EHPU NQJ KB PDA AJRAHKLA KB B =?DEJA =JCHA
KO?HH=PEKI LA=GO 2Df0 PNAJ@ ?=J >A K>0ANRA@ >U @N=SEJC =J AJRAKKLA ?KJJA?PIC A=7D
0Q??AAQ@EIC LA=G KN R=HAU KB PDA KO?E#=PEKJ KB PDA B KIPPKNA@ AHARAJP  J =??ALP=>A KO?E=PEKJ
AJRAIKLA SHf @A I KIOPN=PA = LKOIPERA @A?=U SIPDEJ PDA =LLNKLNE=PA PAOP LANEK@ JKNE=HU  PK
0A?KJ@0 0QOP=EJA@ KO?HH=PKNU OUOPA I NAOLKJOA ARAJ BB OHCDPHU @= B LA@ SHK ?=QO0A PDA
OUOPA I PK >A EJ = RQIJAN=>HA OP=PA =J@ ATLKOA@ PK =@RANOA E I L="7P0 BKN 0Q>0AMQAJP ?D=JCAO PK
PDA OUOPA I KRAN OK A LNKHKICA@ PENA 2K fE B EP PDEO OUOPA I ATLKOQNA - (+ QOAQ = @=0LEIC
1=NCtJ 1Q7?D LKOWRA @= 1 LEIC @A I KIOPN=PAO =J =??ALP=>A NAOLKJOA >U PDA OUCPA T =J@ JK
BQNPDAN =J=HUOEO EO NAMQINA@ $=FQNA PK 1 AAP PDA @= I LEJC OP=J@=N@ SHH NAMQEINA =LLHE?=PKJ KB

OK B A ?K 1 >EJ=PIKJ KB LKSAN OUOPA I OP=>HEVANO AT?EP=PEKJ OUOPA I QLCN=@A =J@ PQIEIC =J@
OUOPA I QLCN=@A

HIA T /<@3-7 &7 ;?2/=> ">+, ¥PC ">?_C U<9-/ . ?2</=

- (+ LABKNEO ,AS 1ANRE?A OAMQAQP OP=>EPU =J=HUOEO =0 = L=NP KB PDA _D=0A " 1UCPAN "R L=2P
1PQ@U - (40 OP=J@=N@O BKN OP=>HEPU =J=HUOAO O=PEOBU , #O I ?NPANE= =J@ =NA PDA CAJAN=HU
=LLKE?=>A ?NEPANE= BKN =Hf . (+ OP=>HEPU =J=HUOAO 'J =@@tPtKI 2N=JO BEOOEKJI —SJIAN OP=>EHPU ?NEPANE=
I1=U=LLHU .(+ KN2N=J0 BEOOEKJ —SJIAN =J=fUOE0 D=RA EQAJPBEA@ ?ANP=EJ OLA?EE? =NA=0 KB . (+
=0 OP=>fPU K N PA@ =NA=0 KB PDA OUOPA T 'J 0Q?D =NA=0 OP=>HPU KLAN=PEIC CQE@AO §=U =LL{U 1AA
S(++=3Q=f  =PDPL SSSLFR ?KE  BAQ@= @K?QRAJ0 B=J0=H0 K  =0DT BKN EKNA

EJBKN B =PEKJ KJ - (+ OP=>fHPU KLAN=PEJC CQE@AO

G.3.1 New Service Requests Stability Data Requirements
-(++=30=f & @AP=EH0 @=P= 0Q> N EOOEKJ NAMQENA I AJPO BKN A=?D LD=0A KB PDA ¥ U?HA LNK?AQO

G.3.2 New Service Request Stability Procedure

2DE0 OA?PEKJ KQPEEJAO PDA LNK?AOO KB ?KKN@EJ=PEKJI =J@ ATA?QPEKJ KB PDA OP=>HPU OPQ@U = 1 KJC PDA
NALNAOAJP=PERAO KB . (+ PDA _NKFA?P **ARAIKLANO =J@ 2N=JO B EO0EKJ —SJANO @QNEJC = TUHA
2DA0A LNK?A@QNAO =LLHU PK OP=>HEPU OPQ@EAC NAMQINA@ =0 L=NP KB PDA , AS 1ANRE?A OAMQAQPO
LNK?AO0 2DAO0A OP=>HPU OPQ@EAQ E@AJPEBU JAA@A@ NAEJBKN?A 1 AJPO =J@ @APAN B EJA ?KOP
NAOLKJOE>EHPU BKN PDAOA NAEJBKN?A B AJPO @QA PK , AS 1ANRE?A OAMQAOPO OP=>HEPU EFO0QAO 2DA
QLCN=@A NAOLKJOE>EHPEAO >A?K B A L=NP KB PDA %AJAN=PEKJ 'JPAN?KIJA?PEKI CNAABAJP %'

OAREOEKJ #BBA?PERA ""=PA -(+ [
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QLCN=@AO PK RANEBU P NAOKHRAO PDA EOOQAO EQAJIPEBEA@ T KOP =tHK?=PEKJ SHif >A @KJA EJ =??KN@=J?A
SID+ & P 2DA ?K I LHAPA@ OP=>EHPU OPQ@U NALKNP =J@ NAOQHPO =NA OAJP PK PDA =BBA?PA@
2N=J0 BEO0EKJ —SJAN O PK NAREAS 3LKJ ?K I LHAPEKJ KB PDA 2N=J0 BEOOEKJ —SJAN NAREAS . (+ SHif
EOOQA PDA BEJ=f _D=0A " 1UCPA T " I L=7P OPQ@U NALKNP PK PDA LNKFA?P @ARAHKLAN

'J OEPQ=PEKJO SDAJ PDA NAMQEINA@ OUOPA I B K@EBE?=PEKJO KN QLCN=@AO0 ?=JJKP >A =??K I LEEODA@ >U
PDA LNKFA?PA@ EJ OANRE?A @=PA KB PDA LNKFA?P . (+ SHH @ARAIKL = 0?KLA =J@ 0?DA@QHA PK @APAN BEJA
EJPANE I OKHQPEKJIO =J@ @=PAO =HKJIC SIPD LNKRE@A@ EJPANER ?=L=>PU

""QNJC .D=0A """ ?D=JCAO BNK I ""AZEOIKJ .KEJP " SHf >A EJ?KNLKN=PA@ EJPK PDA @UJ=N£?0
>=0A?=0A =0 JAAQAQ@ =J@ B = NAOPQ@U BKN = ?HQOPAN EO NAMQINA@ EP SEH >A LANBKN B A@ @QNEJC -D=0A
" 2DA LNK?AOO PK NAOPQ@U =J@ BEJ=HEVA PDA OP=>EHPU OPQ@U NAOQHPO EO PDA 0= T A =0 KQMHEJAQ EJ
-D=0A " =>KRA

1D=JCAO0 @QNEJC "*APIOEKJ - KEJP *** SHif >A EI?KNLKN=PA@ KJ =J =0 JAA@A@ >=0t0 BKN A=7D ?HQOPAN

"C=>/7 ">+ ,¥»C ">?_.3/=

'J =@@PEKJ PK PDA OP=>EfPU =J=HUOAO KB JAS CAJAN=PEIC EIPAN?KIJA?PEKIO PDA PDNAA UA=N ?UHA
PAOPEJC KB =ff ATEOPEIC CAJAN=PEIC QJEPO EJPAN?KIJAPPA@ PK PDA . (+ OUCPA T =J@ ?ANP=tJ "=@ DK?a
OP=>HPU PAOPEIC NAMQEINA@ >U OLAZE=H ?IN?Q B OP=J?A0 PD=P K??QNBNK I PERAPKPERA _ (+ =OK
?KJ@Q?P0 OUOPA I OP=>EHPU PAOPEJC KB PO I KOP ?NEPE?= OPNAOOA@ OUOPA I ?KJI@EPEKJIO @QNEJC PDA =JJQ=H
OACEKJ=f 2N=J0 REOOEKJ #TL=JOKJ .#=J OPQ@U ?U?HA 2DA O2# . OP=>HPU PAOPEIC AT=1EJAO =J@
AJOQNAO OUOPA I LANBKN B =J?A SIPDEJ ?NEPANE= BKN DA=RU OUOPA I PN=JOBAN ?KJ@IPEKIO . KSAN BIKS
PNEPANE= =NA AJOQNA@ KJ = HK?= =J@ OUOPA I SE@A >=0f0 BKN DA=RU PN=JOBANO @QNEJC PDA =LLHE?=PKJ
KB . (+00 iK=@ @AERAN=>EPU PAOPEIC OAA +=JQ=H P=?DHAJP I 2DAOA PAOP 0?AJ=NEKO
AT=1EJA AT ANCAJ?U ?KJI@EPEKIO EIRKHIREIC ATPNA I A CAJAN=PEJC KQP=CAO =J@ HK=@0 ?KQLHA@ SID
OEJCHA PN=J0 I EOOEKJ AHA B AJP KQP=CAO 1Q?D ?tN?Q B OP=J?A0 =NA ?NEPE?=H SDAJ PDA OUCPA I [O
OPNAOOA@ =P DA=RU HK=@ N=PDAN PD=J HCDP iK=@

=0A@ KJ PDA NAOQHO KB A=?D =JJQ=H O2# . 2UHA =J@ LNAREKQOHU ?K I LIAPA@ OP=>HEPU =J=HUOAO
- (+ @APAN I EJAOQ PDA HK=@ @AHERANU HE B EPO BKN PDA ?=0A PD=P NALNAOAJPO PDA T KOP ?NEPE?=H ?KJ@EPEKJIO
BKN . (+ OUOPA I OP=>EHPU PAOPEIC 2DA PN=JOBANO EJPK PDA OAHA?PA@ OACEKJ A B =J=PA BNK I ATPANJ=H
-(+ =30 IKJ . (+ CAJAN=PIKJ " I LKNPO BNK B ATPANJI=H =NA=0 =NA >=0A@ KJ DEOPKNE?=H HARAHKO BKN
DA=RU tK=@ J AT=NLHA KB PDA PULA KB _ (+ 0?AJ=NK PD=P ?KQH@ NALNAOAJP PDA ?NEPE?=H OPQ@U

?KJI@PEKI B =U D=RA HK?=f tK=0 KB +5 SIPD = PN=JOBAN EJPK PDA =NA= ?=Q0A@ >U PDA
OF 1 QP=JAKQO KQP=CA =>KQP +5 KB EIPANI=H =NA= CAJAN=PIKJ 2Dt0 B =U ?=QOA = PDAN I =
i B EP PK PN=JOBANO SAH EJ AT?AQ0 KB +5

2DA PN=J0 B EO0EKJ KQP=CA PD=P OAPO PDA K B £P BKN PN=JOBANO @QNEJC PDA +E@ PH=JPE? 1K=@ @AERANU
PAOPEJC EO N K@AHA@ BKN OP=>HEPU PK AJOQNA PD=P PDA NACEKJ tO JKP OP=>EHPU £ REPA@ . (+ =HOK

@APAN REJAO OARAN=K B KNA ?NEPE?=H PDNAA LD=0A =J@ OEJICHA HEJA PK CNKQJI@ B=QH PAOPO PK =LLHU BNK I =
OP=>HEPU LANOLA?PERA PK AJOQNA NK>QOP OP=>fA =J@ =@AMQ=PAIU @= I LA@ OUCPA I LANBKN I =J?A

$=QH PAOPEIC BKN OUOPA I OP=>HPU EJ?HQ@AO PDA B KOP 2NEPE?= QG #HA?PNE? LUOPA I HJAO

OARIOEKJ #BBA?PERA ""=PA -(+ [
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G.4.1 NERC P3 and P6 “N-1-1" System Stability Studies
',20-""312'—

J, ?KJIPEICAI?U L=EN [0 @ABEJAQ@ =0 = OEJCHA HJA PK CNKQJ@ 1*% KN LD=0A B=Qf SEPD
JKN B = 2HA=NEJC 1 =JQ= OUOPA I =@FQOP R AJPO BKHKSA@ >U =JKPDAN 1*% KN  LD=0A B=Qif SID
JKN I =f HA=NEJC "I PDA ,#01 2 _* 0P=J@=N@ , ?KIPEICAI?EAO >AIKIC PK = =J@ - +=JQ=H
=@FQOP I AJPO =BPAN BENOP ,  ?KJIPEJCAJ?U =NA =HKSA@ PK NAEARA =JU PDAN I = KN RKHP=CA REKK#=PEKJO
BKN =LLHE?=>A N=PEJCO =J@ KN PK LNAL=NA BKN OA?KJ@ , ?KIPEICAI?U , OP=>HEPU =J=HUOXO EO
@ABEJAQ@ =0 = OP=>HHPU =J=HUOEO BKN CIRAJ , ?KIPLICAI?U 0?AJ=NKO $KN = CIRAJ ,
?KIPEICAI?U 0?AJ=NK PDA BENOP ,  ?KJIPEJCAJ?U EO =LLKEA@ PK = LNA @OPQN>=J?A >=0A ?=0A B
PDA OUOPA I EO OP=>#A = JAS KLAN=PEJC LKEJP EO ?K I LQPA@ =J@ B =JQ= =@FQOP I AJPO =NA 1 =Q@A B
JA?A00=NU =J@ PDAJ OP=>HEPU EO B KIPKNA@ BKHKSEJC 0A?KJI@ OEJCHA ?KJPEJCAJ?U  A?=QO0A
KB PDA =00Q 1 A@ HKIC PER A @Ai=U BNK I = OP=>HHPU LKEJP KB REAS >APSAAJ PSK OEJCHA ?KIPEJCAJ?EAO
PDA , OP=>HEPU =J=HUOEO O OF B E=N PK B =EJPAJ=J?A KQP=CA OPQ@U BKN KLAN=PEKJI=f CQI@AEJIAO

1. 21&

'JEPE= >=0A ?=0A ?NA=PEKJ BKN , OP=>HEPU =J=HUOEO BKHKSO PDA LNK?A@QNAEJ  PP=?D R AJP %
OA?PEKI 5DAJ=J , >=0A ?=0Af0 ?NA=PA@ 7?=NA JAA@O PK >A P=GAJ >ABKNA =J ,
?KIPEICAI?U EO =LLHA@ S$INOP =Hi PDAN I =t KN RKIP=CA REKH=PEKJO EJ PDA ,  >=0A ?=0A ODKQi@ >A
NAOKHRA@ PDNKQCD OUOPA I =@FQOP R AJP 1A?KJ@ B =R=E=>KA =JU ATIOPEJC KLAN=PEJC CQE@AHEJAO BKN
PDA ,  KQP=CA ?KJ@EPEKJI JAAQ@O PK >A =LLKA@ PK PDA , >=0A ?=0A

, 12 ™27 , *71'1 .O-1#""30#

T KJOE@ANEJIC PDA JQ I >AN KB CAJAN=PEJC 1 =7DEJAO EJ PDA . (+ OUOPAT =J@ PDA JQ I >AN KB LKOOE>HA
, ?KIPEICAI?U L=INO [P EO RANU ?D=HAJCEIC PK ?KRAN =t KB PDA I SIPDEJ = NA=OKJ=>fA {A=0 PE T A
'J CAJAN=f PAOPEIC =t , ?KIPEICAI?U L=ENO BKN OP=>EHPU EO E B LN="PE?= =J@ JKP JA?AQ0=NU @QA PK
PDA B=2P PD=P B KOP ?KJIPEJCAJ?U L=ENO =NA AA?PNE?=HU B=N =S=U BNK I = OPQ@U LH=JP KN EJ@ALAJ@AJP
BNK B A=7D KPDAN 'P EO AOOAJPE=H PK O?NAAJ KQP ?NEPE?=H ?KIPEICAJ?U L=INO SDE?D D=RA LKPAJPE=H
OP=>HEPU LNK>HA 10 SIPDKQP BEOCEIC =JU LKPAJPE=HHU QJOP=>HA ?KIPEICAI?U L=INO

—RAN=Hf LNK?A@QNA KB , OP=>EHPU =J=HUOEO BKN CAJAN=PEJC QJIFPO EJ . (+ =NA=E0 =0 BKHKSO
Z 1AIA?PEKJ KB L#=JPO BKN PDA , OP=>FHPU OPQ@U

g 2DA 0?KLA KB =JJQ=HU OPQ@EA@ LH=JPO St EJ?4Q@A PDA O= 1 A L#=JPO EJ?HQ@AQ EJ PDA
0?KLA KB PDA >=0AfEJA OP=>HPU OPQ@U PD=P UA=N 1EREH=NPK PDA >=0AJA OP=>HEPU OPQ@U
KJA PDIN@ KB CAJAN=PKNO EJ . (+ SEHi >A ?KJOL@ANA@ BKN PDA , OP=>fHPU =J=HUOEO A=?D
UA=N NAOQHPEJC EJ ARANU . (+ CAJAN=PKN >AtJC OPQ@EA@ =P HA=0P KJ?A ARANU PDNAA UA=NO

g B .(+ 2N=JO BEOOIKJ -#=JJIEIC @APAN I EJAO PD=P PDA O?KLA ?=JJKP >A ?K I LHAPA@ SEPDEJ
= NA=OKJ=>HA HA=@ PERA . (+ 2N=JO RfOOIKJ -H=JJIEIC SEH LNEKNEPEVA PDA L#=JPO £EJ PDA
0?KLA KB PDA OPQ@U =J@ DECDAN LNEKNEPU LH=JPO SEf >A OPQ@EA@ BENOP

g 5SIPD PDA NAMQAOP KB . (+ —LAN=PEKJ KN 2N=JO BfO0tKJI —SJIANO @QA PK OLA?E=f KLAN=PEKJ
JAAQ@ PDA OPQ@U BKN OLA?EE? LH=JPO SKQH@ >A LANBKN B A@
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“
®

%gfﬂ

$ICQNA ™ #T=1 LA KB $ERA PN=J0 B EOOEKJ #JAO BKN PDA , OP=>HEPU OPQ@U KB = CAJANE? HK?=PEKJ

'PE0 JA?AQ0=NU PK =J=HUVA PKP=H , =J@ » ?KIPEICAI?U 0?AI=NEKO ?KJIPEJCAI?U
0?AJ=NeKO BKN PDA AT= I LHA L#=JP £J $ICQNA  'PEO =#OK JKPA@ PD=P  LD=0A B=Q ?#A=NA@ >U LNt I =NU
NA#=UO tO ?KJOE@ANA@ BKN =Hi OEJCHA ?KJIPEICAJ?EAO $=QH PHA=NEJC PE B AO =NA EJ BKN I KB LKOOE>HA
N=JCAO BKN @EBBANAJP =NA=0 G4 =J@ B=Qf HA=N=J?A KLPIKIO =J@ PDA QLLAN R=HQAO KB PDA NAOLA?PRA
N=JCAO =NA QOA@ #TEOPEIC OANA@E=f ?PEKJ 1?DABAO =NA B =R=E=>#A EI?KNLKN=PA@ EJ PDA ,
?KIPEICAI?U 0?AJ=NKO

+2'% 2'—,
JU REKH=PEKJ KB - (+ KN KPDAN =LLE?=>HA OP=>HEPU 2NPANE= =0 @AOPN>AQ EJ PDEO  PP=7D I AJP St >A
=@@NAOOA@ =J@ @K?Q I AJPA@ =0 L=\P KB PDA =JJQ=H 02# . LNK?AQ0
72> D2 CU<9-/.2</= 8-+ ,6/>9 *38. (?<,38/ 8+iC=/=

- (+ BKHKSO = LNK?A00 KB LNK?A@QNAOC =J@ OPQ@EAC SDAJ D=J@#JIC NAMQAOQPO PK EJPAN?KIJA?P PK PDA
PN=JO N EOOEKJ OUOPA T 2DAOA LNK?A@QNAO =NA KQMEJAQ@ EJ - (+ +=JQ=H0 =J@ =CNAA 1 AJPO
L=NPE?Qi=NU . (+¢0 +=JQ=10 & =J@ =J@PDA . (+ —LAJ ??A00 2N=JO REOOEKJI 2=NBB
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— 22 'JNA?KCJIEKJ KB OK I A KB PDA QJEMQA ?D=N=?PANEOPE?0 =J@ ?D=HAJCAO LKOA@ >U StJ@
LNKFA?P0 DKSARAN PDA . (+ — 22 LNK?A@QNAO EJ?HQ@A ?ANP=EJ OLA?E=H LNKREOEKJO =LLH?=>HA PK
SEJ@ B=N B EIPAN?KIJA?PEKI NAMQAOPO - NKFA?P **ARAIKLANO ODKQH@ B= B E=NEVA PDA I OAIRAQO SEPD =
=LLE?=>A . (+ LNK?A@QNAO =J@ NAMQINA B AJPO EJ ?KJOQH=PEKJI SEPD PDAEN =00ECIA@ - (+ LNKFA?P
1 =J=CAN

G.5.1 Wind Project LVRT Requirements
'J =@@EPEKJ PK =H B=APO KB PDA OP=J@=N@ OP=>fHPU OPQ@U O?KLA LNAREKQOHU @0?Q00A@ SEJ@
CAJAN=PKNO SE#i >A OPQ@EA@ @QNEJC PDAEN E I L="7P OPQ@U OP=>HEPU =J=HUOEO BKN ?K I LEE=J?A SIPD PDA
*KS 4KiP=CA OE@A 2DNKQCD INPANE= *402 2DA *402 ?NPANE= PAOPO PDA =>HPU PK PDA SEJ@ B=N 1
CAJAN=PKN PK B =EJP=EJ KLAN=PEKJ =J@ EIPAN?KIJA?PEKI SEPD PDA OUOPA I @QNEJC ARAJPO PD=P ?=Q0A
ATPNA I AHU KKS RK#P=CA PN=JOEAJPO =0 § A=0QNA@ =P PDA DECD Ot@A KB PDA PN=JOBKN I AN PD=P OPALO QL
PDA 5EI@ $=N1c0 RK{P=CA PK PDA PN=JO B EOOEKJ OUOPA I DECD Of@A KB PDA SEJ@ B=NT %13 _A=G
tK=@ ?KJI@EPEKIO =NA PDA 1 KOP OPNAOOBQH BKN B =EJP=EJEJC OUOPA I RK#P=CA OK PDEO =J=fUOI0 SHf >A
?KI@Q?PA@ KJ = LA=G HK=@ LKSANBKS B K@AH £EJ ?KJIPN=0P PK PDA OP=J@=N@ OP=>HEPU =J=UCEO PD=P tO
?KIQQ?PA@ KJ =J KB LA=G I K@AH  =0A@ KJ PDA NAOQPO KB PDA OP=J@=N@ OP=>EPU =J=HUOIO . (+
SHH @APAN BEJA PDA | KOP 2NEPE?=H PDNAA LD=0A B=Q#0 SIPD JKN I =f 2HA=NeJC =J@ LD=0A PK CNKQJ@
B=QiPO SEPD @AI=UA@ ?HA=NeJC 2DA SEJ@ CAJAN=PKN Stk >A NAMQINA@ PK B =tJP=tJ PO LKSAN KQPLQP PK
PDA OUOPA I BKHKSEJC PDNAA LD=0A B=QiP0 HA=NA@ tJ QL PDNKQCD ?U?HAO0  ?U?HAQ EJ?4Q@AQ =JU
=LLKE?=>fA 1=NCEJO =J@ PD=P LNK@Q?A = RKiP=CA =0 #KS =0 VANK =P PDA DICD Ot@A KB PDA %13

?PQ=H ?HA=NEJC PE N AO L#QO =LL#E?=>tA B =NCEJO SHf >A QOA@ SDE?D B1=U>AH{AQ0PD=J 7?U?HAQC =J@
DICD Of@A %13 RK#P=CAO B=U >A OK I ASD=P CNA=PAN PD=J VANK  HOK PDA SEJ@ B=NE B QOP N =EJP=tJ
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G.5.2 Wind Project Reactive Power Modeling
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G.9.1 Testing of Transmission Owner Criteria
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G.9.2 Nuclear Station Testing

5D NAC=N@ PK JQ?HA=N OP=PtKJ NAK=PA@ LK=JJEJC OP=>HEPU =J=HUOEO EJ =@@EKJ PK PDA standard
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LANBKN B =J?A PK PDA OLA?IBEA@ ?NEPANE= PD=P AJ=>AO PDA OP=PEKJ AMQEL B AJP =J@ OUOPA 1 O PK LANBKN I
=0 @ACICIA@ , Q?HA=N RKH=CA ?NPAN= =P PDA 2N=J0 BEOOEKJ 1UCPA I HARAH EJ?HQ@EJC =JU RK#P=CA
@NKL ?NEPANE= =NA AJBKN?A@ KJ = OUCPA I JKN I =H =J@ LKOP ?KJIPEJCAJ?U >=0f0 =0 @AO?NE>A@ £EJ PDA
» - 'O Lt=JJEIC NAMQINA B AJPO —>0ANRA@ ?NEPANE= REKH=PEKJO @QNEJC L#=JJIEIC =00A00 I AJPO =BBA?PEIC

OARIOEKJ #BBA?PERA ""=PA -(+ [
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JQ?HA=N OP=PEKJIO St >A AR=HQ=PA@ FKEIPU >U . (+ _t=JJEIC =J0@ . (+ —LAN=PEKJIO ?KJOEOPAJP SEPD
LNK?A@QNAO KQPEJAQ@ EJ . (+ +=JQ=H LLNKLNE=PA NA I A@EAO ?KJOEOPAJP SEPD PDEO  PP=7D R AJP
=JO PDA . (+ +=JQ=10 =J@ CNAABAJPO SHH >A OLA?IBEAQ@ PK AJOQNA =LLHE?=>HA ?NPANE= =NA T AP

0 L=NP K8 PDAOA =J=HUOAO NA@EOL=P?D KB JQ?#A=N QJEPO EO JKP LAN N PPA@ £EJ =J ABBKNP PK NAKARA
REK#=PEKIO 2DA JQ?HA=N KSIAN St >A NAOLKJIOE>HA BKN NAEJBKN?A B AJPO JA?A00=NU PK ?K I LiU SEPD
PNEPANE= PD=P =NA OLA?EBE? PK PDA , Q?HA=N _#=JP =J@ PD=P =NA § KNA OPNEJCAJP PD=J PDA OP=J@=N@ - (+
=J@ 2N=J0 B EOOEKJ —SJAN PACPO

2DA OLA?EBE? JQ?HA=N QJEP LH=JJEIC 2NEPANE= ?KIP=EJA@ EJ PDA , - 'O @K?Q 1 AJPO =NA EI?HQ@AQ £J PDA

LLAJ@ET PK PDEO  PP=?D B AJP % SDAJ PDA JQ?HA=N Li=JP KSJAN D=0 ?KJOAJPA@ PK PDAOA AT?ANLPO
>ALJC EI?HQ@A@ DANA BKN ?KIRAJEAJP Li=JJEIC NABANAJ?A *J =JU EJ0P=J?A0 KB = JQ?HA=NLH=JP KSJAN
LNABANAJ?A PK I =EJP=tJ ?KIBE@AJPE=HPU KB PDEO EJBKN B =PEKJ EP EO JKP NALNK@Q?A@ EJ PDEO B =JQ=H >QP
EO OPEH AR=HQ=PA@ =J@ AJBKN?AQ@ @QNEJC LH=JJIEIC OPQ@EAQ

G.9.3 BG&E Specific Criteria

@@EPEKI=H OP=>HEPU PAOPEIC =LLHE?=>HA PK EIPAN?KIJAPPEKIO SEPD % # PN=J0 B EOOEKJ B="7HEPEAO
EJPHQ@AO PAOPO KB PDNAA LD=0A B=Q{0 =P = LKEJIP KB PDA 2eN?QEP £l LA@=J?A =S=U B\K I PDA
OP=PEKJ QJI@AN OPQ@U SEPD @AI=UA@ VKJIA PSK ?HA=NEJC

G.9.4 ComEd Specific Criteria
@@EPEKI=H OP=>HHEPU PAOPEIC =L LHE?=>HA PK EJPAN?KIJA?PEKIO SEPD TK B #@ PN=JO B EOOEKJ B="HEPEAO
EJ?HQ@AO

Z 2DNAA LD=0A B=Qf KJ =JU PN\=J0 B EOOEKJ KN CAJAN=PEKJ AHA I AJP SEPD @AI=UA@ ?HA=NEJC @QA PK
= 0PQ?G >NA=GAN KN KPDAN LNKPA?PERA AMQEL B AJP B=HQNA $KN OFPQ=PEKIO EIRKHREIC EI@ALAJ@AJIP
LKHA KLAN=PA@ >NA=GANO [P 0O =00Q I A@ PD=P KJHU KJA LD=0A KB PDA >NA=GAN B=HO0 PK KLAJ =J@
PDA @AH=UA@ ?HA=NEJC PE I A EO QOA@ BKN PDA NA I =EJEJC OEICHA LD=0A B=QP

Z 2DNAA LD=0A B=Qf KJ =JU PN=JO B EO0tKJ KN CAJAN=PEKJ AfA 1 AJP SEPD @AI=UA@ ?HA=NEJC @QA PK
B=EHQNA KB = OA N A@E=f ?PEKJ 1?DATA

Z 2DNAA LD=0A B=Q KJ =i PN=JO BEOOEKJ HJAO KJ = B QWPELHA 2IN?QEP PKSAN SEPD JKN I = 2HA=NEJC

Z 2DNAA LD=0A 8=Q# KJ =JU PN=JO B EO0EKJ KN CAJAN=PEKJ A#A 1 AJP @QNEJC PDA 0?DA@QHA@ KQP=CA
KB =JU KPDAN PN=JO B EOOEKJ KN CAJAN=PEKJ AHA I AJP

'P ODKQH@ >A JKPA@ PD=P = KJA ?U?HA 1 =NCEJ £O EI?HQ@A@ EJ = LNE B =NU ?4A=NEJC PE I AO BKN B=Q0 KJ
PDA TKH#@ OUOPA N EJOPA=@ KB PDA . (+ B=NCEJO $KN N KNA OARANA HKSAN LNK>=>HPU ARAJPO 0Q?D
=0 B=QiP0 K??QWEJIC @QNEJC B =EJPAJ=J?A KQP=CAO KN B=QiP0 HA=NA@ tJ @AH=UA@ PER A B HKSAN ?KOP
NA 1 A@EAO =NA JKP =R=H=>fA . (+ SH# NAPAOP SIPD PDA . (40 0P=J@=N@ B =NCEJO =0 = LKOOE>HA
NATAQU

2DA @UJ=1E? RKIP=CA NA?KRANU **40 ?NPANE= ODKQH@ >A O=PEOBEA@ =P >QO0A0 ?=PACKNEVA@ =0 #1
B="7HEPEAO =P LA=G HK=@ CERAJ =Hi PN=JO B EOOEKJ AHA 1 AJPO =NA EJ bIKN I =fc ?KIBECQN=PEKJ LNA?A@EIC
PDA ARAJP $KHKSEJIC = PDNAA LD=0A B=Q> KJ PDA PN=JO I EOOEKJ OUOPA I PD=P NAOQHO EJ HKOO KB =

OARIOEKJ #BBA?PERA ""=PA -(+ [
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OEJCHA CAJAN=PKN KN PN=J0 B EOOEKJ AfA B AJP PDA PN=JO B EOOEKJ QUOPA R **40 K1 QOP ?KJBKN I PK PDA
NA?KRANU 1AJRAIKLA: @AO?NE>AQ@ >AIKS

Z $KHKSEIC PDA 0Q??A00BQH HA=NEJC KB = B=Qf JKN I = 2HA=NEJC
1 =CJIPQ@AQ ODKQi@ >A JK HAOO PD=J KB PDAEN JK B EJ=f R=HQAO

?UP4A0  PDA RKHIP=CA

Z SPDEJ  ?UPHAO BKHKSEJC PDA 2HA=NEJC KB = B=QiP PDA RKP=CA 1 =CJIPQE@AO ODKQH@ >A JK HAQCO
PD=J KB PDAEN JK BEJ=H R=HQAO

. SID 0A?KJI@0 BKHKSEJIC PDA 2HA=NEJC KB = B=Qf PDA RKiP=CA 1 =CJIEPQ@AO ODKQH@ >A JK
tAOO PD=J KB PDAEN JK B EJ=f R=HQAO

Z SIHDE 0A?KJI@0 BKHKSEJIC PDA 2HA=NEJC KB = B=Qf PDA RK#P=CA 1 =CJIEPQ@AO ODKQH@ >A JK

HAQO PD=J PDA OPA=@U OP=PA RK{P=CA BEJENQN PULE?=HU KB JK B EJ=H

4KH=PEKJ KB PDA "*40 ?NPANE= ?=J EI?NA=0A PDA LKPAJPE=H BKN OARANA RKHP=CA LNK>HA I O BKHKSEJC =
B=Qf =J@ ODKQH@ >A B PEC=PAQ@ SEPD =LLNKLNE=PA NAEJBKN?A I AJPO

G.9.5 PPL Specific Criteria
@@PEKI=H OP=>EHPU PAOPEIC =LLHE?=>H#A PK EJPAN?KIJA?PEKIO SEPD . - * PN=JO B EOOEKJ B="EHPEAO
EJ?HQ@A0

Z Stuck Breaker and Relay Failure _ANE=JAJP PDNAA LD=0A B=Q# SIPD 0PQ?G >NA=GAN KN KPDAN
?=Q0A KB @AI=UA@ ?HA=NJC

Z Double Circuit Tower (DCT) Line Fault -ANET=JAJP PDNAA LD=0A B=Qt EJRKHREIC >KPD ?IN?QEPO
KB = @KQ>HA ?IN?QEP £JA SIPD JKN B = 2HA=NEJC =J@ NA?HKOEIC OAMQAJ?AOD B =LLKE?=>A

Z Overtripping -ANVE=JAJP PDNAA LD=0A B=Qf KJ KJA LJA SIPD =J KRANPNEL KB =JKPDAN QJIB=QiPA@
tJA  KPD PDA KRANPNEL =J@ ?HA=NEJC KB PDA B=QiPA@ HJA K??QN EJ JKN I =H LNE B =NU HA=NEJC PER A
OA?HKOEIC OAMQAJ?AQ B =LLHE?=>HA ODKQH@ >A EJ?4QQAQ

'8 =00A00 1 AJP KB =JU KB PDA ?KJIPEJCAJ?U PULAO JKPA@ =>KRA NAOQHPO EJ EQAJPEBE?=PEKJ KB OP=>FHPU
?KJ?ANJO EJ PDA . - * OUOPA R OAA PDA P=>HA >AIKS PK @APAN BEJA BB = NAE=>EHPU OKHQPEKJ EO NAMQEINA@
>U . .* "ODKQi@ >A OP=>fAa KN B PDA OPQ@U NAOQHPO ODKQH@ >A NALKNPA@ PK - - * BKN EJBKN I =PEKJ
KJIHU "EJBKN B =PEKJ KJHUa BKN =S=NAJAOO =J@ BQNPDAN ?KJOE@AN=PEKJ KB PDA OARANEPU KB PDA
?KIOAMQAJ?AD KB PDA ARAJP

TPL-001-4
. . . Fault Type
Contingency Contingency Clearing Time

Category 230 kV and Above 100 - 229 kv < 100 kV
Shuck Breaker E2-A through D |Breaker Failure Clearing Time |3PH {information only} 3PH {information only}  |Not Applicable
Relay Failure E2-A through D |Zone 2 Clearing Time 3PH {should be stable} 3PH {information only}  |Not Applicable
DCT Line Fault E2-F Normal Clearing Time 3PH {information only} 3PH {information only}  |Not Applicable
Overtripping E2-F Normal Clearing Time SIG {infor mation only) SLG {information only) Not Applicable
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G.9.6 Implementation of the NPIR for Planning Analysis

- (+ EJ?KNLKN=PAO PDA , Q?HA=N _#=JP "JPANB=?A OAMQINA B AJPO , -'O0 EJPK FPO L#=JJEIC LNK?AO0AO
£ =??KN@=J?A SIPD PDA =LLHE?=>fA ,#0 1 0P=J@=N@0 . (+ LANBKN IO PDAOA L#=JJIEIC =J=HUOAO
?KJOEOPAJP SEPD PDA , - 'O LK=JJIEIC NAMQEINA B AJPO =J@ PO OACEKI=H 2N=J0 B EO0EKJ #TL=J0KJ
-#=JJEIC NAMQEINA 1 AJPO

# & ™+8.+<. %& E (<+8=73==398 &/6+C 19+ _+,33>C
=?GCNKQJ@

2DA LQNLKOA KB PDA OP=J@=N@ EO PK AJOQNA PD=P LNKPA?PERA NA#=U OAPPEJCO OD=Hi JKP ft I £P

PN=JO B EOOEKJ HK=@=>HEPU JKP EJPANBANA SEPD OUOPA I KLAN=PKNOc =>EPU PK P=GA NA B A@E=f =?PKJ PK
LNKPA?P QUOPA I NAKE=>HEPU =J@ >A OAP PK NAKE=>HU @APA?P =t B=Q ?KJI@EPEKIO =J@ LNKPA?P PDA
AA?PNE?= JAPSKNG BNK I PDAOA B=QiPO 2DANA =NA = JQ I >AN KB NAMQINA | AJPO PD=P OLA?IBU DKS
LNKPA?PERA NAR=UO ODKQH@ >A OAP OK PD=P PDAU Sk JKP H B P HK=@=>EHPU KB = ?EN?QEP —JA KB PDA
NAMQENA B AJPO KB PDA 1P=J@=N@ O O BKNPDA _H=JJEJC ¥ KKN@EJ=PKN PK @APAN I EJA PDA B=EPEAQ PD=P
1 Q0P ?K N LHU SEPD NAMQINABAJPO O PDNKQCD O KB ,#O1 0P=J@=N@ -O!

'J =??KN@=J?A SIPD PP=?DHIAJP KB .O! PDA BKHKSEJC ?IN?QEP0 =NA 0Q>FA?P PK OAMQENA I AJP
0)

Z 2N=J0 NO0tKJ HEJAO KLAN=PA@ =P G4 K G4 =J@ PN=JOBKN I ANO SFEPD HKS RKHP=CA
PAN BEJ=HO ?KJIJA?PA@ =P G4 PK G4 AT?ALP #1A 1 AJPO PD=P ?KJJA?P PDA %13
PN=JOBKN B AN O PK PDA 2N=J0O I EOOEKJ OUOPA I PD=P =NA QOA@ AT?HQOERAKU PK ATLKNP AJANCU
@INAPPHU BNK I = #1 CAJAN=PEIC QJIP KN CAJAN=PLIC LKH=JP #1A 1 AJPO I =U =HOK OQLLAU
CAJAN=PEIC L#=JP tK=@0

Z 2N=J0 BOO0tKJ HJAO KLAN=PA@ >AIKS G4 =J@ PN=JOBKN I ANO SEPD HKS RKHP=CA PAN I EJ=HO
?KIIJAPAQ >AIKS G4 PD=P =NA L=NP KB PDA #1 AT?ALP #1A 1 AJPO PD=P ?KJJA?P PDA %13
PN=JOBKN B AN O PK PDA 2N=JO B EOOEKJ OUCPA I PD=P =NA QOA@ AT?HQOERAKU PK ATLKNP AJANCU
@INA?PHU BNK B = #1 CAJAN=PEIC QJIP KN CAJAN=PLIC LH=JP #1A B AJPO I =U =HOK OQLLHU
CAJAN=PEIC L#=JP tK=@0

Process to determine PRC-023 Critical Facilities

- (+ OP=B8 SEH ?KI@Q?P =J =00A00 1 AJP =P HA=0P KJ?A A=?D ?=fAJ@=N UA=N SED JK B KNA PD=J

1 KIPDO >APSAAJ =00A00 I AJPO =LLHUEIC PDA ?NPANE= EJ =??KN@=J?A SIPD PP=?DNIAJP KB

-0! PK @APAN REJA PDA 2EN?QEPO BKN SDE?D 2N=JO BEO0EKI —SJANO %AJAN=PKN —SJANO =J@
*"EOPNE>QPEKJI - NKRE@ANO B QOP ?K I LU SEPD OAMQINABAJPO O PDNKQCD O . (+ SHi B =tJIP=tJ = HOP KB
?IN?QPO OQ>FA?PPK O LAN =LLE?=PIKI KB PP=?DBAJP =J@ LNKRE@A PDA HOP KB ?EIN?QEPO PK =
OACEKJ=f #JPPEAO OAHE=>EfPU TKKN@EJ=PKNO 2N=JO BEOOEKJI —SJANO %AJAN=PKN —SJANO =J@
""EOPNE>QPEKI - NKREQANO SEPDEJ BP0 - #=JJEIC TKKN@EJ=PKN =NA= SIPFDEJ  ?=#AJ@=N @=UO KB PDA
AOP=>H0D I AJP KB PDA EJEPE=H HOP =J@ SIPDEJ  @=UO KB =JU ?D=JCAOQ PK PD=P {OP 2DA PAOP St

1 KJIEPKN = NAMQENA@ B="EHPEAO EJ =?7KN@=J?A SEPD PP=?DEIAJP KB .O! =0 QAONE>AQ >AIKS
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Z 2DA ?IN?QEP EO OARA?PA@ >U PDA _H=JJEIC T KKN@EJ=PKN >=0A@ KJ PA?DJIE?=f OPQ@EAO KN
=00A00 I AJPO KPDAN PD=J PDKOA OLA?BEA@ EJ PDA ,#01 1P=J@=N@ -O! 2N=J0 I fO0EKJ
OAi=U *K=@=>HPU  PP=?DBAJP  TNPANE= =>KRA EJ ?KJOQIP=PEKJ SIPD PDA $="EPU —SIAN

Z 2DA ?WN?QPP E0 1 QPQ=HU =CNAA@ QLKJ BKN EJ?HQOEKJI >U PDA _#=JJEIC TKKN@EI=PKN =J@ PDA
$=7HPU KSIAN

% "% +:+-PC 7:90 I37P  +6-26+>398 W<9-/ . ?</

'INK@Q?PEKJ

Z 2DA LONLKOA KB . (+ ¥=L=7PU "' B LKNP *E BEP ¥ =#?0Q8=PEKJ _NK?A@QNA EO PK AOP=>HOD PDA
=1 KQJP KB LKSAN PD=P ?=J >A NAKE=>HU PN=JOBANNA@ PK - (+ BNK I @ABEJA@ NACEKJO ATPANJ=H PK
-(+

Z 2DA . (+ Y=L=70PU "I LKNP *t REP EQ ?=#?QH=PA@ =JJQ=HU =J@ EO QOA@ PK ?KJIBIN I PD=P E N LKNP
?=L=>fHPU EJIPK PDA . (+ OUOPA I EO CNA=PANPD=J PDA OQN KBPDA . (+ ¥=L=7PU AJABP +=NCEJ

I+ =J0 ?KIBENDBA@ *KJIC 2AN T S$INE 2N=J0 BEOOEKJ 1ANRE?A 2DAE R LKNPO EJPK - (+ SEHH

PDANABKNA >A ?K I LNEOA@ KB BEN I PN=JO B EOOEKJ OANRE?A NAOANR=PEKJO =J@ JKJ BN B AJANCU
LQN?D=0A0 BNK I PDA ATPANJ=f OQLLHU NACEKJO @AO?NE>AQ@ EJ OA?PEKI  >AHKS

%AJAN=f _NK?A@QNAO =J@ 00Q I LPEKJIO

2DA OUOPA I LKSAN BIKS 1 K@AH SHH >A >=0A@ KJ PDA #=PAOP 0Q I B AN LA=G O2# . >=0A ?=0A

Z 2DA >=0A ?=0A S ?KIP=tJ ?KIBN B A@ *KJIC 2ANT SN KT 2N=J0 BEOOEKJ LANRE?A BKN PDA OPQ@U
LANEK@ =0 EQAJPBEA@ EJ PDA . (+ — 1'1

Z 2DA . (+ @OL=P?D SHH NABIA?P = _ (+ CAJAN=PEKJ @ABE?EAJ?U OPQ=PEKJI EJ@ALAJ@AJIP KB PDA
@ABEJAQ@ NACEKJO ATPANI=fPK . (+ 2DQ0 JKJ . (+ NACIKJO =NA KLAN=PEJC JKN I =HU =J@ =NA
=00Q N A@ PK >A =>#A PK OQLLHU . (+ SEPD LKSAN QL PK PDA HKSAN KB PDA T=L=7EPU " I LK\P *ER [P
KN PDA H B EP KB PDAIN =R=E=>HA NAOANRAO *K=@ tJ . (+ =J@ =H ATPANJ=H NACIKJO St >A 1 KQAHA@

=P = HK=@ HARAI =J@ tK=@ 2DA =1KQJP KB NAOANRAO ?KJOE@ANA@ =R=FH=>HA BN\K I =JU
=@F=?AJP JKJ . (+ =NA= 1 =U >A =@FQOPA@ PK NABHA?P DEOPKNE?=f @=P= =J@ ATLA?PA@ BQPQNA
?KJI@PEKIO

Z $KNPDAN I = =J=fUCAQ =Hf #=0PANJ "JPAN?KIJA?PKI #1 B=7HEPEAQ G4 =J@ =>KRA SHi >A
I KJIPKNA@  H - (++ EJPANI=H  #1 ORJCHA ?KJPEICAJ?U ARAJPO =J@ OAHA?PAQ@ JKJ . (+ #1
?KIPEICAI?U ARAJIPO SEHH >A ?KJIOE@ANA@

Z $KNRKP=CA =J=fUCAO =H# . (+ #1 B="HPU RKIP=CA 1=CIPQAA =J@ @NKL # BEPO SHK >A
1 KIPKNA@ =J@ OAHA?PAQ@ JKJ . (+ #1 B=7HPU RKP=CA H B PO SHH >A K>0ANRAQ@ 'J =@@FPEKI
=JU L=NP KB PDA #=0PANJ "JPAN?KIJA?PEKJ PD=P SKQH@ ATLANEAJ?A RKIP=CA ?KH=LOA SHi >A
AR=1Q=PA@ 2DA RK#P=CA =J=HUOAO =NA 0Q>FA?P PK =Hi . (+ EJPANJ=f #21 OLJCHA ?KIPLICAJ?U
ARAJPO =J@ OAKA?PAQ@ JKJ . (+ #1 ?KJIPEICAJI?U ARAJPO

Z 2DA BKHKSEIC KLAN=PEIC LNK?A@QNAO SkH >A A I LIKUA@ =0 JA?A00=NU

g (@QOPEAJPO KB .D=0A JCHA OACQH=PKNO . O21 SDI?D . (+ KN . (+ BAI>AN
?K B L=JEAO ?KJIPNKK SEPDEJ ATEOPEJC =CNAA 1 AJPO BKN A I ANCAJ?U KLAN=PIKJ  $KN PDA
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0 PDA 2N=J0 BEOOEKJ -H=JJAN =J@ -H=JJEJC TKKN@EJ=PKN . (+ EO NAOLKJOE>#A BKN PDA @ARAIKL B AJP
KB PDA OACEKJI=H 2N=J0 BfO0EKJI #TL=J0KJ _#t=J O2# . BKNPDA . (+ OUCPAN 2DA L#=JJtIC
LNK?AOOQ SDE?D QHE I =PAIU ?2Q B EJ=PAO EJ PDA . (+ O2# . >=0A ?=0A O @NERAJ >U PDNAA LH=JJEJC
L=PDO 2DA PDNAA L=PDO EJ?HQ@A L#=JJIEIC =2PERIPEAO =00K?E=PA@ SIPD

Z  =0AJA _NKFA?PO

Z 1QLLHA B AJP=H _NKFA?PO

Z TQOPKTAN $QJI@A@ 3LCN=@AO
#=?D KB PDA L#i=JJIEIC =7PRIPEAO AT=REJA PDA NAE=>HHPU ER L=7P KB [ EJPAN?KIJA?PEIC JAS
CAJAN=PIKJI PN=JO REOOEKJ KN AHA?PNE?EPU AJ@ QOAN $=7HEPEAO =J@ E ATEOPEIC EIPAN?KIJA?PEKIO KB

CAJAN=PIKJI PN=J0 BEOOEKJ KN AHA?PNE?EPU AJ@ QOAN $=2EPEAO OAAGEIC PK I =GA = MQ=HBEA@ ?D=JCA =0
@ABEJA@ >U - (+ QJ@AN OAMQINARAJPO KBS I

Qualified Change

$KN PDA LQNLKOAO KB $ I O . (+ @ABJAO = MQ=HBEA@ ?D=JCA BKN = B="HEPU EIPAN?KIJA?PEKI
=0 BKHKSO

Table G.12.1 Qualified Change for End-User Facilities

Description Examples

$="tHPU ?D=JCA HAz@EJC PK ?D=JCA tJ 7 "J?2NA=0A KN @A’)NA=OA EJ HK=@
#J@ 30AN $="HHPU PKLKIKCU KN Z 1D=JCAO PK PDA JQ I >AN KB BAA@O £J =J
-NKPA?PEKJ OUOPA I ?D=JCAQ ER L="?PEIC ATEOPEJC #J@ 30AN $="EHEPU

?KIPEICAI?U @ABEIEPEKI KN

2DA AIA?PNE?=H ?D=N="7PANEOPE?0 KB PDA
B="2EHEPU KN

$="HEPU N=PEICO
PD=P AEPDAN KB SDE?D B=UENL=?P #1
LANBKN B =J?A

Table G.12.2 Qualified Change for Transmission

Description Examples
2N=J0 B EOOEKJ OUOPA I PKLKHKCU KN N=PEJC
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P=?DBAIP % . (+ 1P=>HIPU 1DKNP TEN?QEP =J@ 1LA?E=f O2# .
N=?PE?A0 =J@ - NK?A@QNAO

Table G.12.2 Qualified Change for Transmission

-NKPA?PEKJ OUOPA N ?D=JCAOQ £l L=7PEJC ?KJIPEICAJ?U Z 1D=JCA tJ B="fHtPU
@ABEJEPEKI KN ENLA@=J?A
2DA ABA?PNE?=H ?D=N="7PANEOPE?0 KB PDA B="EHEPU KN Z OA?KJBECQN=PEKJ

$="tHEPU N=PEJCO
PD=P AIPDAN KB SDE?D B=UERL=?P #1 LANBKNE=J?A

Table G.12.3 Qualified Change for Generation

Description Examples
%K NALKNPO =JPE?EL=PA@ ?D=JCAOQ KB PDA AtA?PNE?=H ?D=N=2PANEOPE?0 7 1D=JCALJ
BKHIHKSEJC ATA?QPEKJ KB PDA =LLHE?=>A EJPAN?KIJA?PEKI =CNAA 1 AJP CAJAN=PKN
- (++ AR=1Q=PKJ K8 ?D=JCAO NAMQHNAO I KNA @AP=HA@ =J=HUPE?= AHADNED=H
0PQE@EAD 2D=N=2PANEOPE?0
Z 1D=JC AtJ
PON>EJA PULA

#T=1 LHAO LNKRE@A@ =NA BKN HHQOPN=PERA LQNLKOAO KJHU =J@ =NA JKP B A=JP PK >A ATD=QOPERA

H#H & ">+8_+<. W& E &/6+C %/<09<7+8-/ ?<381 ">+,6/
%9A/< "Al81=

=2GCNKQJ@

2DA LQNLKOA KB .O1! EO PK AJOQNA PD=P 1K=@ NAOLKJOERA LNKPA?PIRA NA#=UO =NA ATLA?PA@ JKP PK
PNEL EJ NAOLKJOA PK OP=>HA LKSAN 0SEJCO £J JKJI $=Q ?KJI@EPEKIO

0 PDA _#=JJEIC TKKN@EJ=PKN . (+ EO NAMQINA@ PK LNKRE@A JKPEBE?=PEKJ KB A=7D CAJAN=PKN
PN=JOBKN B AN =J@ PN=JO R EOOEKJI HJIA #1 #1A B AJP EJ PO =NA= =P HA=0P KJ?A A=?D ?=HAJ@=N UA=N
PD=P B AAPO KJA KN I KNA KB PDA BKHKSEJC ?NEPANE= 1B =JU PK PDA NAOLA?PERA %AJAN=PKN —SJAN =J@

21=J0 BEOOEKJ —SJIAN

T NEPANE=

%AJAN=PKN O SDANA =J =JCQt=N OP=>HEPU ?KIOPN=EIP E@AJPBEAQ@ EJ -#=JJEIC OOAQO I AJPO KB
PDA , A=N 2ANT 2N=J0 BO0EKJ .#=JJIEIC &KNEVKJI BKN = LH=JJEJC ARAJP PD=P EO =@@NACOA@ >U

£ BEPEJC PDA KQPLQP KB = CAJAN=PKN KN = OA R A@t=f ?PEKJ 1?DARA O 1 =J@ PDKOA ##A 1 AJPO
PAN BEJ=PEIC =P PDA 2N=JO B EOOEKJ OP=PEKJ =00K?t=PA@ SEPD PDA CAJAN=PKN O

#1A 1 AJPO =00K?E=PA@ SIPD =JCQH=N EJOP=>HPU EQAJIPBBEA@ EJ -#=JJEIC 00AQO I AJPO KB PDA
»A=N 2ANT 2N=J0 BEOOEKJ .H#=JJEIC &KNEVKJI BKN = L#=JJEIC ARAJP

OAREOEKJ #BBA?PERA ""=PA -(+ [



g - (+ +=3Q=H - (+ OACEKJ 2N=J0 I E00tKJ -#=JJEIC _NK?A0O

P=?DBAIP % . (+ 1P=>HIPU 1DKNP TEN?QEP =J@ 1LA?E=f O2# .
-N=7PE?A0 =J@ - NK?A@QNAO

J #1A 1 AJP PD=P BKN I O PDA >KQJI@=NU KB =J EO#=J@ EJ PDA 1 KOP NA?AJP QI@ANBNAMQAJ?U HK=@
ODA@@EIC 3$*1 @AOECJI =00A00 I AJP >=0A@ KJ =LLHE?=PEKJI KB PDA _#=JJIEIC TKKN@EJI=PKNO
PNEPANE= BKN EQAJIPBUEIC EOH=J@0 KJHU B PDA EOH=J@ EO BKN I A@ >U PNELLEJC PDA #A B AJP @QA PK
=JCQt=N EJOP=>HHPU

J #A 1 AJP EQAJPEBEAQ EJ PDA 1 KOP NA?AJP =JJQ=H _#=JJEJC OOAOO R AJP KB PDA , A=N 2AN1I
2N=JO0 BEO0EKJ -#=JJEIC &KNEVKI SDANA NAH=U PNELLEJC K??QNO @QA PK = OP=>#A KN QJOP=>HA
LKSAN OSEIC @QNEJC = OF B Qi=PA@ @EOPQN>=J?A BKN = Li=JJEIC ARAJIP

Process to determine PRC-026 BES Elements

- (+ OP=B8 St ?KJI@Q?P =J =00A00 I AJP =P 1A=0P KJ?A A=?D ?=HAJ@=N UA=N =LLKUEIC PDA ?NEPANE= EJ
=??KN@=J?A SEFPD NAMQINARAJPO KB .O! PK @APAN BEJA PDA =LLH?=>HA #1 #ATAJO0 _(+
SHi I=tIP=tJ PDAHOP KB #1 #{ABAJPOE] P=?DNAJP KB . (+ +=JQ=f 2N=J0 K EO0KJ
—LAN=PEJC _NK?A@QNAO T#" , KPEBE?=PIKJ SEHH >A LNKRE@A@ SDAJ PDA 1=JQ=f D=0 >AAJ QL@=PA@
SHPD PDA =PAOP HOP

2DA NAMQINA@ =??A00 BKN 1 0 =NA iK?=PA@ DANA
Z DPLO SSS LFI ?K 1 HE>N=NU NAMQAOP =??A00 =OLT

# & ™>+8.+<. (%! E (<+8=73==398 "C=>/7 %6+88/ .
%/<09<7+8-/ 09< /97+18/>3- 3=>?<,+8-/ @/8>=

=2GCIKQJ@

2DA LQNLKOA KB 2 _* EO PK AOP=>EOD NAMQENA 1 AJPO BKN 2N=JO B EO0EKJ OUOPA I Li=JJA@
LANBKN B =J?A @QNEJC CAK B =CJAPE? @EOPQN>=J?A %+"" ARAJPO

0 PDA _H=JJEIC TKKN@EJ=PKN =J@ 2N=J0 BEOOEKJ -#=JJAN . (+ EO NAOLKJOE>HA BKN B =EIP=EJEIC
1UCPAT B KQ@AH =J@ %' T 1UCPA T B K@AKO KB PO LH=JJEIC =NA=LANBKN BEJC PDA OPQ@U KN OPQ@EAQ
JAAQAQ PK ?K I LIAPA >AJ?D I =NG =J@ OQLLHA B AJP=H %+"" 4QHJAN=>HPU OOAOCO RAJPO =J@
ENLHA BAJPEIC LNK?AOO0 AO PK K>P=tJ %-+"" 1 A=0QNA I AJP @=P= =0 OLA?HBEAQ@ EJ PDA OP=J@=N@

""ARAKKLEIC =J@ B =EIP=EIEIC %+"" B K@AHO fO = ?KHi=>KN=PERA ABBK\P >APSAAJ . (+ =J@ FPO
TAI>ANO  ??QN=PA B K@AHJC @=P=EO = GAU ?K I LKJAJP KB MQ=HPU %+"* OPQ@EAO 2K PD=P AJ@

- (+ St NAMQENA PDA =00E0P=J?A KB PO B A1 >ANO PK LNKRE@A PDA =LLNKLN=PA B K@QAKEJIC @=P=KJ =
LANEK@E? >=0f0 +K@AEJIC @=P=BNK I 2N=JO BEOOEKJ —SJANO =NA 0Q> REPPA@ RE= =J #T?AH
OLNA=@ODAAP PA I L§=PA PD=P . (+ SHif LNKRE@A SDHA 1 K@QAEJIC @=P=BNK I %AJAN=PKN —SJANO =NA
0Q> N EPPA@ PDNKQCD PDA _#=JJEIC TAJPAN %AJ +K@AH PKKH

1PA=@U 1P=PA 4KHP=CA INPANE=
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»+-277/8>  %9A/< "C=>/7 ""9_/681 +>+

%IA/< "C=>/7 ""9._/681 +>+

??0QN=PA LKSAN OUOPA 1 T K@AHJIC @=P=EO = GAU ?K I LKJAJIP KB MQ=HPU LKSAN OUCPA I =J=HUOEO
-(+ 1UOPA T _#=JJEIC QOAO = R=NEAPU KB I K@AHO =J@ =J=HUPE?= PA?DIEMQAQ PK ?NA=PA =J@ N =tJP=tJ
PDA OF B QH=PEKJ B K@AHO QOA@ BKN PDA O2# . OPQ@EAO 2DA EJPAJ@A@ QOA KB PDEO  PP=7D B AJP £O PK
OQLLHA B AJP ATEOPEIC @K?Q B AJP=PEKJ >U . (+ =J@ KPDAN AJPPEAQ PD=P OLA?EBU =?7QN=PA 1 K@QAEJIC
@=P= NAMQINA R AJPO . (+ SHH ?KIPEIQA PK BKHKS PDA @=P= CQI@QAEJAO =J@ OP=J@=N@O OAP BKNPD >U
,#01 =0 L=NP KB PDA +—"" OP=J@=N@0 =J@ PDA #=0PANJ 'JPAN?KIJA?PIKI OAH=>HPU O0O0AQO I AJP
%NKQL #0O % —+QPINACEKI= +K@AEIC SKNGEIC %NKQL ++5% _NK?A@QN=H +=JQ=H

PP=7D B AJP ( ?KJP=EJO PDA ?DA?GHOP BKN PDA JAS AMQEL B AJP AJANCEV=PEKJ LNK?AOO PK >A QPEHEVAQ@ >U
2\=J0 B EOOEKJ —SJANO =J@ ""AOECI=PAQ@ #JPEPEAO BNK I EJ?ALPEKJ PK AJANCEV=PEKJ KB QLCN=@A
LNKFA?PO

H.1.1 Load Flow Analysis Models

=0A ?=0A ?NA=PIKJ t0 = ?KH=>KN=PERA LNK?A00 >APSAAJ . (+ =J@ PO TAN>ANO $NK I = PA?DJIE?=H
OP=J@LKEJP . (+ BKHKSO PDA CQE@AHJAO OAP BKNPD EJ PDA #O % ++5% _NK?A@QN=H +=JQ= 'J PDA
BKHHKSEJC OA?PEKIO PDA HKCEOPE?O =J@ PN=JOBAN KB EJBKN I =PEKJ >APSAAJ . (+ =J@ PO T AR >ANO =NA
@AP=EA@

JJQ=h 3LA=PAO

'J PDA H=PA PDEN@ MQ=NPAN KB A=?D UA=N . (+ St =0G 2N=J0 BEOOEKJ —SJANO PK NAREAS =J@ QL@=PA
>=0A ?=0A =J@ LNKFA?P BHAO EJ +K@Ai KJ ""A1=J@ 2DA >=0A ?=0A QL@=PAO SHKEI?HQ@A ?K I B PPEIC
?=0A ?KIA?PEKIO =HKJIC SEPD EJ OANRE?A LNKFA?PO SEPD =0 >QEP @=P= PK PDA >=0A ?=0A .NKFA?P BHHAO
SHi >A QL@=PA@ BKN OP=PQ0 O?KLA ?D=JCA =J@ EJ OANRE?A @=PA ?D=JCA . (+ SHf PDAJ QOA +K@AH
—J ""AN=J0@ PK >QH@ PNe=K  ?=0A0 BKN ~ UA=N1QN BAN *ICDP *K=@ =J@ SEtJPAN SDE?D SHi >A
0AJP PK 2N=J0 B EOOEKJ —SJIANO BKN NAREAS 2N=J0 B EO0EKJ —SJIANO SEf LNKRE@A

Z ,APSKNG QL@=PAO PK PDA 1 K@AH PD=P Sk =@R=J?A PDA ?=0A PK NALNAOAJP = ?QNNAJP UA=N
>=0A ?=0A SIPD NAOLA?P PK PDA 0P /Q=NPAN KB PDA BKHKSEJIC UA=N 2DO QL@=PA ODKQH@ >A
NAREASAQ@ BKN ?KNNA?PJACO =J@ ?K I L=PE>EHPU SEPD PDA BEJ=H RANOEKJ KB PDA >=0A ?=0A QJ@AN
@ARAHKL B AJP

Z YKELAAPA ,#0Y . . _ . . . =J@ . ?KJIPEICAJ?U BHA QL@=PAO PD=P ?KNNAOLKJI@
PK PDA QL@=PA@ JAPSKNG BK@AI 'J?HQ@A =JU ?KIPEICAJI?EAO SDE?D I =U JKP ?D=JCA PDA
LKSAMIKS BK@Ai >QP ?D=JCA ?KJIPEJCAJ?U @ABEIIPEKIO

Z +=TERQN ?NA@E>HA @IOPQN>=J?A ,#01! 2_* 2=>1A #TNATA #RAJPO
?KIPEICAI?EAO

Z  JU KPDAN OECJEBE?=JP ?D=JCAO 0Q?D =0 JAS iK=@ KN >iK?G tK=@ =@@EPEKIO
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Z 1QLLKN B JA?A00=NU BKN PDA @ARAKKL B AJP KB JAPSKNG I K@AHO BKN =@@EPEKJ=H UA=NO =J@
@A 1 =J@ HARAHO BKN >KPD JA=NPANE UA=NO PDNKQCD  =J@ HKICANPANE >AUKJ@ UA=NO
=J=HUOAO

Z AANBE?=PEKJ PD=P = >=0AJA JAPSKNG =J@ OQLLHA B AJP=H QLCN=@AO =NA EI?HQ@A@ EJ PDA
QL@=PA@ ?=0A =HKJC SIPD = SNPPAJ @AO?NELPEKJ KB =JU ?=0A N K@EBE?=PEKIO

Z , KPEBE?=PEKJ KB =JU ?D=JCAOQ PK PEA EJAO SDAPDAN PDAU =NA PEAO EJPANI=H PK . (+ KN PK ATPANJ=H
?K 1 L=JtAO

"JPANER 3LE=PA0 =J@ YK B QJE?=PIKJ KB 1ECIMBE?=JP +K@AEIC 3LE@=PAO

'J PDA ARAJP PD=P . (+ B =GAO = I =fKN QL@=PA PK PDA O2# . =J=HUOO I K@AHO KQPOE@A KB PDA =JJQ=H
1 K@AH QL@=PA SEJ@KS . (+ SHi JKPBU . (+ 2N=J0 B E00EKI —SJANO KB PDA 1 K@AEJIC QL@=PA
PDNKQCD PDA 2N=J0 BfOOIKJ #TL=J0IKJ @RIOKNU TK N NEPPAA 2# T TBAARJICO (OK

- (+ SHif JKPBU JAICD>KNEJC AJPEEAO PD=P _ (+ @APANBEJAO B=U>A LN L=7PAQ 'J =@@EPEKJ PK PDA
JKPBE?=PEKI . (+ SHH 1=GA PDA QL@=PA@ =BBA?PA@ I K@AHO =R=F=>HA QLKJ NAMQAOP

%AJAN=PIKI —SJIAN OAMQENA I AJPO
Z 1LA?EBE? EIBKN B =PEKJ NAC=N@EIC CAJAN=PKN ?=L=>HEPU LAN +—""

H.1.2 Load Flow Modeling Requirements

'J =@@PEKJI PK PDA CQE@AHJAO OAP BKNPD >U ,#0 1T =J@ PDA #0 % ++5% LNK?AQ@QN=f 1=JQ=K . (+
QOAO OARAN=K OLA?BE? LNK?A@QNAO EJ AOP=>ODEJC PDA >=0A ?=0A OK PD=P £ NALNAOAJPO PDA >AQP
OP=NPEJC LKEJP BKN PDA =3JQ=H O2# . =J=HUOLO

9%AJAN=PKN OPAL QL PN=JOBKN I ANO

%AJAN=PKN I K@AHO ODKQH@ NALNAOAJP PDA LDUOE?=H LH=JP H=U KQP PK PDA ATPAJP LKOOE>HA ATLHE?EHU
1 K@AHEIC CAJAN=PKN OPAL QL PN=JOBKNEANO %130 =J@ 1P=PIKJ 1ANRE?A HK=@0 =G= QTEE=NU
tK=@0 2DO0 =LLHKAO PK QIO =>KRA  +5 =J@ ?KIJA?PAQ@ PK PDA #1 OUOPAR ?KJIOLOPAJP SEPD

#1 NAMQINA B AJPO  _H=JPO ?KJOEOPEJC KB N QWPELHA QJFPO =CCNAC=PEJCPK  +5 KN BT KNA =HOK
NAMQENA ATLHE?EP NALNACAJP=PEKJ KB %130 =J@ OP=PEKJ OANRE?A #K=@0

+K@AEJIC KB —QP=CAO

)JIKSJ KQP=CAO KB %AJAN=PEKJ KN 2)=J0 B EOOEKJ $=7HEPEAO =NA OAIA?PAQ@ >=0A@ KJ = @K?Q 1 AJPAQ@
PA?DIE?=H N=PEKJ=HA =J@ SHi >A EI?1Q@AG@ QI@AN PDKOA OUOPA I LA=G KN KB LA=G ?KJ@EPEKJO £EJ PDA
=LLNKLNe=PA >=0A ?=0A B1KQ@Ai .(+ B=UJKP I K@AHPDAOA KQP=CAO EJ ARANU ?=0A PD=P O QOA@ BKN
02# . =J=fUOE0 >QP SHH OAIA?P =LLNKLNE=PA 0?AJ=NEKO PK =0O0AO PDACA ?D=JCAO . (+ SEHif LANBKN I
=J=HUOEO KI PDA . =J@ - L#=JJIEIC ARAJP ?=PACKNEAO BKN OPA=@U OP=PA =J=HUOEO =J@ PDA .
L#=JJEIC ARAJP ?=PACKNU BKN OP=>HEPU =J=UCE0 =0 @ABEJA@ EJ 2=>HA KB2.* @@EPEKI=HU
- (+ St =3=fUVA = 0Q>0AP KB I =EJPAJ=J?A KQP=CAO 0Q> I tPPA@ PDNKQCD A™*=NP QJ@AN PDKOA OUOPA I
LA=G KN KB LA=G ?KJ@EPEKIO
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2DA OAPPEIC KB RKiP=CA 0?DA@QIAO EO 2NQ?E=H PK PDA NK>QOPJAQO KB ?=0A0 . (+ =HKSO 2N=J0 I E00KJ
—SJANO PK OQLLAU CAJAN=PKN RKiP=CA 0?DA@QHA @=P= 'B PDA @=P=EO JKP LNKRE@QAQ@ - (+ SEHH QOA PDA
@AB=QH? RKHP=CA 0?DA@QHAC =0 @ABLJAQ EJ . (+ +=JQ=H

H.1.3 Submittal of Load Flow Data

PP=7D B AJP ( ?KJP=tJO PDA ?DA?GHOP BKN PDA JAS AMQEL B AJP AJANCEV=PEKJ LNK?AQO0 PK >A QPHEVAQ@ >U
2N=J0 B E00EKJ —SJANO =J@ ""AQECI=PA@ # JPEPLAO BNK I EJ?ALPEKI PK AJANCEV=PEKJ KB QLCN=@A
LNKFA?PO

??ALP=>fA *"=P= $KN 1 =PO

- (+ 0=J7PEKJAQ@ OKBPS=NA
Z .11 # ™ LKSANBKS 1 KQ@AEJIC OKBPS=NA
Z 2 O " OPA=@U OP=PA LKSAN BKS =J=HUOEO PKKH

$KN - 11 # QOANO ?=0A0 ODKQH@ >A 0Q> NEPA@ PK - (+EJ="1 4abBKNB=PEJ = .11 # RANOKJ PD=P
EO NA=@=>A >U PDA ?QNNAJP RANOEKJ KB .11 # PD=P ++5% t0 QOtJC

$KN QOANO KB - 1*$ KN KPDAN I KQAEIC OKIPS=NA ?=0A0 OD=# >A 0Q> IPPAQ PK . (+(J="0 5a
BKN B =P PD=PE0 .11 # 7K I L=PE>HA =J@ FO NA=@=>HA >U PDA 2QWNAJP RANOEKJ KB . 11 # PD=P ++5% [0
QOLIC

- (O NECN=PEKJ KB - 11 # RANOEKJIO I =U OfECDMU #=C ++5% EJ PD=P ?=0A [P [0 =??ALP=>HA PK
LNKRE@A QL@=PAO BKN I =PPA@ BKN PDA ?QNNAJP RANOEKJ PD=P . (+ EO QOEJC

2—t0 ?=J 0Q> I @=P=EJ =J =CNAA@ PK RANOEKJ B PDAU =NA QJ=>HA PK ATLKNP PK PDA H=PAOP ++5%
?K B L=PE>HA RANOEKJ

2t183C

21=J0 BE00EKJ —SJANO B1QOP ?K I LU SEPD PDA 0?DA@QHA @E?P=PEJC PDA Pt AJAOO KB PDA ?=0A
PNA=PEKJ LNK?AQ0 SDE?D SHH >A EJ?HQ@AQ@ EJ PDA EJEPE= A I =t OAJP PK GE?G KBB PDA LNK?AQO0 2Df0
0?DA@QIA SHHEJ?HQ@A = BEJERQN KB SAAGO PK LNKRE@A QL@=PAO PK PDA ?=0A =J@ ?KWAOLKJ@EJC
BEHAO BKN PDA BENOP FPAN=PEKI =J@ SAAGO BKN PDA 0A?KJI@ FPAN=PEKJ

*K=@ $IKS ""=P= Z/Q=tHrU

'J PDA ARAJP PD=P @=P= LNKRE@A@ >U 2N=J0 I fO0KJ —SJIANO @KAO JKP L=00 =ff KB PDA PAOPEIC
EJ?HQ@AQ £J PDA ++5% @=P= ?DA?GAN . (+ I=U NAMQAOP QL@=PA@ @=P=

21=J0 BE00EKJ —SJANO B QOP LNKRE@A QJIEMQA >Q0 J= 1 A0 KN ?EN?QEP ***¢0 BKN A=?D SEJ@EIC KB =t
PN=JOBKN I ANO

Q0 JQ I>ANO B QOP >A SIPDEJ PDA =tK?=PA@ >QO0 JQ I >AN N=JCA BKN A=?D ?K 1 L=JU
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TKIRAJPEKIO QOA@ BKN PDA J=BEIC KB +=?DEJA "**t0 R=NU BKN @EBBANAJP 2— VKJAO . (+ SH
?KKN@EJ=PA SEPD A=7?D 2— EJQ@ERE@Q=HU PK =HCJ SEPD PDAIN LNABANNA@ ?KIRAJIPEKI

T ANP=EJ OLA?EBE? B KQAEJIC =J@ J=N1EIC ?KIRAIPKIO SDE?D 1 QOP >A BKHKSA@ >U =t 2—c0 EJ?HQRA

Z &CD *KS _NAOOQNA QJEPO ODKQH@ >A 1 K@AKA@ KJ PDA 0= 1A >Q0 =J@ @ACECI=PA@ SIPD PDA
?KWAOLKJ@EJC B=7DEJA """ "&a =J@ *a

Z ,KKPDAN B=?DEJA '** ODKQH@ >A J=T1AQ@ &a KN "*a

5D PDA AT?ALPEKI KB &ECD *KS _NAOOQNA QJPO B QWPELHA B =?DEJAO I K@AHA@ KJ PDA O=T1A >Q0
1 Q0P D=RA PDA 0= 1A OP=PQO —BBEJA B =7DEJAO ODKQH®@ JKP >A 1 K@AHA@ KJ PDA O=T1A >Q0 =0
1 =?DEJAO SDE?D D=RA = OP=PQO KB KJIKEJA

+=?DEJAO =P PDA O= 1 A LK=JP SIPD @tBBANAJP OP=PQOAQ ODKQH@ >A B K@AIA@ KJ OAL=N=PA >Q00A0
?KIJA?PAQ@ >U = RANU HKS ENLA@=J?AHJA 6 =0 @ABEJAQ@ £EJ PDA ++5% 1=JQ=4

H.1.4 Short Circuit Analysis Models

1DKNP TEN?QEP @=P= LNK?A@QNAO =NA @K?Q I AJPAQ@ EJ PDA PP=?DIAJP % KBPDEO B=JQ=f SDE?D
NABANAJ?AO , 1' '### 2DA EIPAJ@AQ@ QOA KB PDEO =PP=?D I AJP EO PK OQLLHA I AJP PDACA
LNK?A@QNAO =J@ KQPEJA PDA @=P= NAMQEINA B AJPO SDE?D . (+ BKHKSO EJ ?NA=PEJC PDA ODKNP 2EN?QEP
?=0A0 QOA@ BKN =J=HUCEO

1DKNP 2IN?QF B K@QAHO ODKQH@ >A LNKRE@A@ EJ  OLAJ ™ KiiNa BKN B =P B8 LKOOE>HA
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PJM RTEP - 2022 RTEP PROPOSAL WINDOW #3
PROBLEM STATEMENT & REQUIREMENTS

Document Scope: 2027-28 Summer Reliability Analysis; 2027-28 Winter Reliability Analysis;
2027-28 Light Load Reliability Analysis; 2027-28 Short Circuit Analysis

2022 RTEP PROPOSAL WINDOW #3

Purpose of Proposal Window

PJM seeks technical solutions, also called proposals, to resolve potential reliability criteria violations on facilities
identified below in accordance with all applicable planning criteria (PJM, NERC, SERC, RFC, and Local
Transmission Owner criteria).

Criterion Applied by PJM for this Proposal Window
1 2027-28 Summer

Baseline Thermal and Voltage N-1 Contingency Analysis
Generator Deliverability and Common Mode Reliability Analysis
N-1-1 Thermal and Voltage Analysis and Voltage Collapse
Load Deliverability Thermal and Voltage Analysis

Dynamic Stability Assessment

1 2027-28 Winter
Baseline Thermal and Voltage N-1 Contingency Analysis
Generator Deliverability and Common Mode Reliability Analysis
N-1-1 Thermal and Voltage Analysis and Voltage Collapse
Load Deliverability Thermal and Voltage Analysis
Dynamic Stability Assessment

I 2027-28 Light Load*
Baseline Thermal and Voltage N-1 Contingency Analysis
Generator Deliverability and Common Mode Reliability Analysis
*PJM aims to provide the Light Load cases early in March 2023, on or before March 6.
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 00
Scenario Components
1A-Alter_OK+ Conastone-Doubs 500 kV line loop in T-Point + Otter Creek-T-Point 500 kV

Exelon: 2022-W3-344/660
FE: 2022-W3-23

DOM: 2022-W3-711
Dom/FE: 2022-W3-516/23

DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:

2022-W3-692
2022-W3-923
2022-W3-671
2022-W3-731
2022-W3-704
2022-W3-211
2022-W3-30

2022-W3-967
2022-W3-74

PSEG: Part of 2022-W3-637 (Conastone-Doubs 500 kV line) and loop in T-Point
NEET: part of 175 (Otter Creek-T-Point)

2027 Screening Performance

Total Overloads 19
500 kV Overloads 1
345 kV Overloads 2
230 kV Overloads 0
138 kV Overloads 13
115 kV Overloads 2
2028 Screening Performance
Total Overloads 31
500 kV Overloads 8
345 kV Overloads 0
230 kV Overloads 15
138 kV Overloads 1
115 kV Overloads 2
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 002

Scenario Components

1A-Alter_OK+ Otter Creek-T-Point 500 kV

Exelon: 2022-W3-344/660

FE: 2022-W3-23
DOM: 2022-W3-711

Dom/FE: 2022-W3-516/23
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:

2022-W3-692
2022-W3-923
2022-W3-671
2022-W3-731
2022-W3-704
2022-W3-211
2022-W3-30

2022-W3-967
2022-W3-74

NEET: part of 175 (Otter Creek-T-Point)

2027 Screening Performance

Total Overloads 18
500 kV Overloads 1
345 kV Overloads 2
230 kV Overloads 0
138 kV Overloads 11
115 kV Overloads 3
2028 Screening Performance
Total Overloads 34
500 kV Overloads 7
345 kV Overloads 0
230 kV Overloads 17
138 kV Overloads 1
115 kV Overloads 4
PJM © 2022 www.pjm.com | For Public Use
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 003

Scenario Components

002 (1A-Alter_OK+ Otter Creek-T-Point-Doubs 500 kV) + Remove Fort Martin-Doubs ckt 2 and Hunterstown-Carroll

230 kV line

Exelon: 2022-W3-344/660

FE: 2022-W3-23 — Remove Fort Martin-Doubs ckt 2 and Hunterstown-Carroll 230 kV line

DOM: 2022-W3-711

Dom/FE: 2022-W3-516/23

DOM: 2022-W3-692
DOM: 2022-W3-923
DOM: 2022-W3-671
DOM: 2022-W3-731
DOM: 2022-W3-704
DOM: 2022-W3-211
DOM: 2022-W3-30

DOM: 2022-W3-967
DOM: 2022-W3-74

NEET: part of 175 (Otter Creek - T-Point-Doubs)

2028 Screening Performance

Total Overloads 34
500 kV Overloads 6
345 kV Overloads 0
230 kV Overloads 16
138 kV Overloads 3
115 kV Overloads 5
PJM © 2022 www.pjm.com | For Public Use
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario OP

Scenario Components
(OG + updated 9A)

Exelon: 2022-W3-344/660
FE: 2022-W3-23

DOM: 2022-W3-711
Dom/FE: 2022-W3-516/23
DOM: 2022-W3-692
DOM: 2022-W3-923
DOM: 2022-W3-671
DOM: 2022-W3-731
DOM: 2022-W3-704
DOM: 2022-W3-211
DOM: 2022-W3-30

DOM: 2022-W3-967
DOM: 2022-W3-74
Transource; part of 2022-W3-487 (IEC)

2028 Screening Performance

Total Overloads 35
500 kV Overloads 4
345 kV Overloads 0
230 kV Overloads 24
138 kV Overloads 1
115 kV Overloads 3
PJM © 2022 www.pjm.com | For Public Use
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 0P2

Scenario Components
(OG + updated 9A East)

Exelon: 2022-W3-344/660
FE: 2022-W3-23

DOM: 2022-W3-711
Dom/FE: 2022-W3-516/23
DOM: 2022-W3-692
DOM: 2022-W3-923
DOM: 2022-W3-671
DOM: 2022-W3-731
DOM: 2022-W3-704
DOM: 2022-W3-211
DOM: 2022-W3-30

DOM: 2022-W3-967
DOM: 2022-W3-74
Transource; part of 2022-W3-487 (IEC East only)

2028 Screening Performance

Total Overloads 44
500 kV Overloads 5
345 kV Overloads 0
230 kV Overloads 24
138 kV Overloads 4
115 kV Overloads 5
PJM © 2022 www.pjm.com | For Public Use
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Scenario 0P NGME

Scenario Components
1A-Alter_ALL (Full DOM proposals) _ Remove Golden-2-Mars Extension

Exelon: 2022-W3-344/660

FE: 2022-W3-23

DOM: 2022-W3-711 (Regional Solution South)

DOMIFE: 2022-W3-516/23 (DOM/FE Interregional Solution)
DOM: 2022-W3-692 (DC Alley Solution) — Remove Golden-2-Mars Extension
DOM: 2022-W3-923 (500 kV Dooms-Lexington)

DOM: 2022-W3-671 (Front Royale-Morrisville)

DOM: 2022-W3-731 (Locks TX Upgrade)

DOM: 2022-W3-704/211 (Hollymeade-Gordonsville)

DOM: 2022-W3-30/967 (Charlottesville-Hollymeade-Dooms)
DOM: 2022-W3-74 (Ladysmith-Fredericksburg)

2028 Screening Performance

Total Overloads 53
500 kV Overloads 13
345 kV Overloads 0
230 kV Overloads 23
138 kV Overloads 4
115 kV Overloads 5
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 0Q

Scenario Components

0G remove Graceton-High Ridge 500 kV line + Peach Bottom -Brandon Shore 500 kV line (Part of 741)

Exelon: 2022-W3-344/660

FE: 2022-W3-23

DOM:
Dom/FE: 2022-W3-516/23
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:
DOM:

2022-W3-711

2022-W3-692
2022-W3-923
2022-W3-671
2022-W3-731
2022-W3-704
2022-W3-211
2022-W3-30

2022-W3-967
2022-W3-74

Remove Graceton-High Ridge 500 kV line
Add Peach Bottom -Brandon Shore 500 kV line (Part of 741)

2028 Screening Performance

Total Overloads 67
500 kV Overloads 15
345 kV Overloads 0
230 kV Overloads 29
138 kV Overloads 6
115 kV Overloads 8
PJM © 2022 www.pjm.com | For Public Use
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 0Q2

Scenario Components

0G [1A-Alter_ALL (Full DOM proposals)] + Remove Pruntytown-Mt Storm, Fort Martin-Doubs ckt 2 and Hunterstown-

Carroll 230 kV line

Exelon: 2022-W3-344/660

FE: 2022-W3-23 — Remove Pruntytown-Mt Storm, Fort Martin-Doubs ckt 2 and Hunterstown-Carroll 230 kV

line

DOM: 2022-W3-711 (Regional Solution South)

DOM/FE: 2022-W3-516/23 (DOMIFE Interregional Solution)
DOM: 2022-W3-692 (DC Alley Solution) — Remove Golden-2-Mars Extension
DOM: 2022-W3-923 (500 kV Dooms-Lexington)

DOM: 2022-W3-671 (Front Royale-Morrisville)

DOM: 2022-W3-731 (Locks TX Upgrade)

DOM: 2022-W3-704/211 (Hollymeade-Gordonsville)

DOM: 2022-W3-30/967 (Charlottesville-Hollymeade-Dooms)
DOM: 2022-W3-74 (Ladysmith-Fredericksburg)

2028 Screening Performance

Total Overloads 83

500 kV Overloads 15

345 kV Overloads 0

230 kV Overloads 26

138 kV Overloads 26

115 kV Overloads 10
PJM © 2022

www.pjm.com | For Public Use

159|Page


https://www.pjm.com/

'é/ PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 0Q3
Scenario Components
0G [1A-Alter_ALL (Full DOM proposals)] + Remove Fort Martin-Doubs ckt 2 and Hunterstown-Carroll 230 kV line

Exelon: 2022-W3-344/660

FE: 2022-W3-23 — Remove Fort Martin-Doubs ckt 2 and Hunterstown-Carroll 230 kV line
DOM: 2022-W3-711 (Regional Solution South)

DOMIFE: 2022-W3-516/23 (DOM/FE Interregional Solution)

DOM: 2022-W3-692 (DC Alley Solution) — Remove Golden-2-Mars Extension
DOM: 2022-W3-923 (500 kV Dooms-Lexington)

DOM: 2022-W3-671 (Front Royale-Morrisville)

DOM: 2022-W3-731 (Locks TX Upgrade)

DOM: 2022-W3-704/211 (Hollymeade-Gordonsville)

DOM: 2022-W3-30/967 (Charlottesville-Hollymeade-Dooms)

DOM: 2022-W3-74 (Ladysmith-Fredericksburg)

2028 Screening Performance

Total Overloads 60
500 kV Overloads 14
345 kV Overloads 0
230 kV Overloads 25
138 kV Overloads 7
115 kV Overloads 9
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Scenario 0Q4
Scenario Components

0G (1A-Alter_ALL (Full DOM proposals))_ Remove Fort Martin-Doubs ckt 1 and 2 and Hunterstown-Carroll 230 kV
line

Exelon: 2022-W3-344/660

FE: 2022-W3-23 — Remove Fort Martin-Doubs ckt 1 and 2 and Hunterstown-Carroll 230 kV line
DOM: 2022-W3-711 (Regional Solution South)

DOM/FE: 2022-W3-516/23 (DOM/FE Interregional Solution)

DOM: 2022-W3-692 (DC Alley Solution) - Remove Golden-2-Mars Extension
DOM: 2022-W3-923 (500 kV Dooms-Lexington)

DOM: 2022-W3-671 (Front Royale-Morrisville)

DOM: 2022-W3-731 (Locks TX Upgrade)

DOM: 2022-W3-704/211 (Hollymeade-Gordonsville)

DOM: 2022-W3-30/967 (Charlottesville-Hollymeade-Dooms)

DOM: 2022-W3-74 (Ladysmith-Fredericksburg)

2028 Screening Performance

Total Overloads 72
500 kV Overloads 14
345 kV Overloads 0
230 kV Overloads 27
138 kV Overloads 16
115 kV Overloads 10
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario OR

Scenario Components

1A-Alter_OK+ Conastone-Doubs 500 kV line loop in T-Point + Otter Creek-T-Point 500 kV

Exelon: 2022-W3-344/660

FE: 2022-W3-23
DOM: 2022-W3-711

Dom/FE: 2022-W3-516/23

DOM: 2022-W3-692
DOM: 2022-W3-923
DOM: 2022-W3-671
DOM: 2022-W3-731
DOM: 2022-W3-704
DOM: 2022-W3-211
DOM: 2022-W3-30

DOM: 2022-W3-967
DOM: 2022-W3-74

PSEG: Part of 2022-W3-637 (Conastone-Doubs 500 kV line) and loop in T-Point
NEET: part of 175 (Otter Creek-T-Point)

2028 Screening Performance

Total Overloads 30
500 kV Overloads 8
345 kV Overloads 0
230 kV Overloads 14
138 kV Overloads 1
115 kV Overloads 2
PJM © 2022 www.pjm.com | For Public Use
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario OR2

Scenario Components
1A-Alter_OK+ Otter Creek-T-Point 500 kV

Exelon: 2022-W3-344/660
FE: 2022-W3-23

DOM: 2022-W3-711
Dom/FE: 2022-W3-516/23
DOM: 2022-W3-692
DOM: 2022-W3-923
DOM: 2022-W3-671
DOM: 2022-W3-731
DOM: 2022-W3-704
DOM: 2022-W3-211
DOM: 2022-W3-30

DOM: 2022-W3-967
DOM: 2022-W3-74

NEET: part of 175 (Otter Creek-T-Point)

2028 Screening Performance

Total Overloads 34
500 kV Overloads 7
345 kV Overloads 0
230 kV Overloads 17
138 kV Overloads 1
115 kV Overloads 4
PJM © 2022 www.pjm.com | For Public Use
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PJM RTEP - 2022 Window 3 — Reliability Assessment

Scenario 0S

Scenario Components

0G + remove Graceton-High Ridge 500 kV line + Remove High Ridge 500/230 station + Add Peach Bottom-New
Raphael-Waugh Chapel 500 kV line and Raphael 500/230 station (Part of 808)

Exelon: 2022-W3-344/660

FE: 2022-W3-23
DOM: 2022-W3-711

Dom/FE: 2022-W3-516/23

DOM: 2022-W3-692
DOM: 2022-W3-923
DOM: 2022-W3-671
DOM: 2022-W3-731
DOM: 2022-W3-704
DOM: 2022-W3-211
DOM: 2022-W3-30

DOM: 2022-W3-967
DOM: 2022-W3-74

Remove Graceton-High Ridge 500 kV line and Remove High Ridge 500/230 kV station
PSEG: 2022-W3-808 Part (Add Peach Bottom-New Raphael-Waugh Chapel 500 kV line and Raphael

500/230 station)

2028 Screening Performance

Total Overloads 55

500 kV Overloads 14

345 kV Overloads 0

230 kV Overloads 26

138 kV Overloads 4

115 kV Overloads 5
PJM © 2022
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Document Revision History
10/17/2023 - R1: original version posted

11/30/2023 - R2:
Update to cost estimates included in the “Final Reliability Analysis and Recommended Solution” section,
reflecting latest estimates received.
Correction to Map 5 - South Proposal Cluster Map.

12/8/2023 - R3:
Update to cost estimates included in the “Final Reliability Analysis and Recommended Solution” section,
reflecting latest estimates received consistent with Dec. 5, 2023 TEAC.
Corrected footnote in Table 3.

Clarification of sentences on pages 20, 22 and 23.
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2023 Reliablility Proposal Window 1
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é/ 2023 Reliability Proposal Window 1

& Window opened on 7/24/2023
& Window closed on 9/22/2023

& For this Window, PJM seeks technical solutions, also called proposals, to resolve
potential reliabllity criteria violations on facilities identified in accordance with all
applicable planning criteria (PJM, NERC, SERC, RFC, and Local Transmission
Owner criteria).

& 20 total proposals submitted from 9 different entities (7 Incumbents & 2 Non
Incumbents)

7 Greenfields

13 Upgrades
& O, /01t 223(4- - /*0+3/560+13( - +89:$;+ 1 +<+89-00$$+ ¥
& 5 proposals with Cost Containment
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2022 RTEP Window 3
Transmission Planning Update
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é/ Presentation Outline

Background

2022 RTEP Window 3 purpose and timeline
Need statement summary

Load forecast and generation assumptions
Summary of proposals

Summary of scenarios studied

Proposals detailed review and short list scenarios

Summary of short circuit results

o Lo Lo Qo Qo Lo Lo Lo Lo

Summary of load deliverability results
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_ 2022 RTEP Window 3
é/ Purpose and Timeline

& Purpose:

< Address reliability needs in the Dominion and APS zones primarily

associated with Data Center Load forecasts (up to 7,500 MWs by
2027-28)

< Seeking robust and flexible solutions to address the reliability needs
In those specific areas

& Window Opened; February 24t 2023 / Closed May 315t 2023

< PJM posted preliminary planning basecases on January 31st 2023
< >$+?2/0+A-5B(Ci<t,4*05B0B+3( -+ 23M#E™M to May 315t 2023
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February 1
Initial Cases/Files
Posting

May 31
2022 RTEP Window 3 Closed

JAN. FEB. MAR. APR. MAY JUN. JUL.
2023 1

February 24

2022 RTEP Window 3 Opened

2022W3 RTEP Timeline

October 3
TEAC Short-list
presentation

AUG. SEP. OCT. NOV. DEC.

[ 1

October 315t + December 5th
TEAC First and Second Read

& Currently, system models with the data center loads
(starting 2027) do not solve without reinforcements.

& Supplemental (M3 Process) can not evaluate project
Impacts until the reliability constraints are resolved.

In 2024, PJM needs clean base cases for
interconnections, NJOSW 2.0, Offshore Wind studies
and LTRTP.

Reinforcements need to be finalized by end of 2023.

www.pjm.com | Public
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é/ Competitive Window Submissions

72 Proposals Were Recelved From 10 Entities

Total ~$50.7B *

6 incumbent, 22 projects are upgrades,
4 non-incumbent wﬁileJ 50 are grepegnfield (AT ()L B 19 S8 (67
required) 5
Proposals include:
& 230 kV, 500 kV and 765 kV developments & Double circuit 500 kV proposals
& 500 kV GIS substations & HVDC development

& UG 500 kV AC cable developments

*One proposal cost was revised by submitting entity from $1.6B to $5.4B

www.pjm.com | Public



é/ Load Forecast and Planning Approach

Zonal 10/15 Year Load Growth

PJM began receiving near and long term forecast s | T o
input from Dominion, First Energy and NOVEC for &

Data Center load growth projections up to and
including 2038 (15 year planning horizon). 38,000

43,000

33,000

The PJM 2023 Forecast calls for approximately
between 4.2% to 5.0% annual load growth in the
Dominion area over the next 10-15 year timeframe. 25000

The Load Forecast information was refined and 18006 W
developed down to a bus/substation level for the 2028

and 2030 Study years 13,000 I Peak I WN peak Forecast 2022 M Forecast 2023

28,000

Load (MW)

1895 2000 2005 2010 2015 2020 2025 2030 2035 2040

PJM reassessed the transmission development needs Delivery Year
. . . . https://pjm.com/-/media/library/reports-notices/load-forecast/2022-load-report.ashx
in the area based on the refined forecast information

and localized allocation of load.
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é/ 2022 RTEP Window 3 - Objective

& Develop robust, holistic and expandable solutions that address the 2027-28 baseline
violations associated with:
< Local constraints: resulting from directly serving the data center loads in APS and
Dominion zones through the respective 230 kV networks and into the points of delivery:
& F(Q)0+"3006H )I1JIK35+<+ 1 /3)#+A) 1-56+L*/3+/5B+M3/ - JN0*(5+
< Regional constraints resulting from imports into load center areas (500 kV primarily):
& N3(5~O(@/MH ¥ (33-)P-000+<+Q-54RM<+S(KB(K5T ¥ ()J@+
& Meadow Brook - Vint Hill
& ¥ (33)P0+<tM3-)*03) H: U4
& 0/VEHMC*( - <t ™ (5/)*(50+<iM3-6 1¥(5+<+? (KJ)
< Needed reactive power VAR reinforcements, both static and dynamic as deemed
necessary, to address the reactive power needs of the system for the 2027-28 baseline
scenario
& Adhere to all applicable planning criteria, including PIJM, NERC, SERC, RFC and Local
Transmission Owner Criteria.
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é/ 2022W3 RTEP- Summary of Drivers/Needs

& PJM has had unprecedented data center load growth
(up to~7,500 MW) currently forecasted by 2027- 28 in
Dominion (Northern Virginia) and APS (Doubs)

& 11,100 MW of announced deactivations to the west
and south of Conastone

e
& Approximately 5,300 MW occurring after the 2022 ‘}*  Bismark
RTEP 2027 case was created S

“9‘{) -

& The vast majority of the new generation with signed
ISAs has been solar v

& Solar has low availability during the winter period

& The replacement generation is coming from the region :
to the east of Peach Bottom as well as west of Doubs \ / N o
to meet projected load growth. \/ Morisvile fd I

& PJM has implemented a new block dispatch procedure Bah?{w p ey
& The old dispatch procedure maintained historical f g Spotsylvania
intraregional transfers, dispatching most of the / North Anna © it
generators in the Dominion zone at 100%. / —
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é/ Brandon Shores Deactivation Assumptions

& Initial 2022 Window 3 2027 basecase has Brandon Shores generators
modeled and dispatched

& The 2022 Window 3 2028 basecase has Brandon Shores generators
removed as per the deactivation notice

& As will be shown, PJM received proposals from PSEG, NextEra, and Exelon
addressing the Brandon Shores deactivation covering 2028 robustness test

& All proposals submitted to address only 2027 base case needs do not
consider Brandon Shores deactivation

& PJIM evaluated effectiveness of all submitted proposals to address Brandon
Shores deactivation against the PJM Board approved project.

www.pjm.com | Public



PY

2022 RTEP Window 3
Criterion Applied by PJM

& 2027-28 Summer / Winter

<

N N N AN

<

Baseline Thermal and Voltage N-1 Contingency Analysis
Generator Deliverability and Common Mode Reliability Analysis
N-1-1 Thermal and Voltage Analysis

Load Deliverability Thermal and Voltage Analysis

Dynamic Stability Assessment

Short Circuit Assessment

& 2027-28 Light Load

<

Baseline Thermal and Voltage N-1 Contingency Analysis

< Generator Deliverability and Common Mode Reliability Analysis
& 2027-28 CSPA Study
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é/ 2022 RTEP Window 3 - Reguirements

& Holistic solutions are to be designed such that they are robust and expandable as the load
grows within the area.

& A scalable solution ensures, at a minimum, near-term reliability needs are addressed while
also enabling future expansion (beyond the 2027-28 baseline levels) as data center load
Increases in the Dominion and APS zones.

< Consider flexibility, robustness and scalability of 2027-28-baseline solutions against the
Interim 2027-28 Summer, Winter and Light Load basecases.

< Evaluate proposals for their effectiveness towards existing reactive interfaces in the
area, particularly those supporting the Dominion and APS zones.

< Evaluate the effectiveness of the proposed solutions towards the transmission system
load deliverability into the Dominion and APS zones (CETL).
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é/ #3HH#OW, +tA-BB(CHht<t ))K - 2*%(5)+9T%

& Preliminary Reactive Support:

< 2027-28 basecases included a set of reactive VAR support at existing/proposed substations to
partially meet the system reactive demand under system normal, N-O conditions.

< X5VIKBOBt/*)20V-1-VH(V/*-(5)1/)+5B-V/*0B+5+ I ##$##OW, +tA-5B(Ct%t 3(J00 - +L*/*0 - 05*:+
Initial VARs not imply final VAR level, type or location.
& Only adequate for need analysis purposes.
& Should be removed and replaced consistent with an entity's proposal to provide the necessary VAR

support.

< PJM expects that proposals will provide for the needed reactive VAR support through either

transmission development or static/dynamic VAR support devices or a combination of both.

< A number of non-convergent contingencies due to deficient VAR support and excessive reactive
power loss in the 2027-28 modeling basecases.

< Based on the preliminary VAR resource assumptions in the cases, the provided voltage
performance results are for guiding purposes only.

& Proposal developers are to re-evaluate the voltage performance part of their proposal development to
ensure compliance with voltage performance requirements.
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& Basecase N-0 thermal Violations:

< 2027-28 baseline case(s) show thermal violations along the Peach Bottom-Conastone
and Conastone-Brighton 500kV paths.

< These 500 kV segments are also showing marginal overloads approaching 98% to
100% under N-1 conditions for the baseline summer conditions.

& Non-Converged N-1 Contingencies:

< Key contingencies lead to voltage collapse on the 500kV system due to insufficient
transmission system transfer capability and VAR support inadequacy.

< Following development of VAR support enhancements, thermal loading on all system
elements needs to be monitored and overloads, if any, need to be addressed part of the
proposed solutions.
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& N-1-1 Analysis;

< Due to the significant load growth presented in the baseline 2027-28 basecases, a large
number of N-1-1 contingencies lead to unsolvable security constraint redispatch
conditions.

< Hence, the provided N-1-1 results are to be revaluated as part of the proposal solution
development process.

< PJM posted the interim 2027-28 basecase N-1-1 results early March on the PJM
website in the competitive planning section.

& Load Deliverability analysis:
< PJM requires that proposed solutions are evaluated for their effectiveness towards load
deliverability into the APS and Dominion zones.

1 HSHY%
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Two Rounds of PIJM Meetings With Proposing Entities:

& Discussions to clarify details of proposed & Second round was initiated in late July and concluded
developments, assumptions, rationale of proposed mid-August:
alternatives/variations Focus on outage scheduling, routing, risk and cost
& First round was conducted in June/July 2023. assumptions/considerations
Scenario Development and Analysis Scenarios Were Built Based On:
To date, PJM developed and analyzed: & Full combination scenarios by proposing entities

. o Incumbents, Nextera, LS Power and Transource
& >30 scenarios for the 2027 model (Combination of ( )

proposals and components from different proposals) & Optimized scenarios using components from incumbent and

& >80 scenarios for the 2028 model non-incumbent proposing entities

1 HSHY%
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Scenarios With Their Associated Proposed Developments Will Be Evaluated Based On the Following

Principles:

Performance Scalability Impact Validated Cost
Meeting the system needs of Scenario/development Utilization of existing ROWs Cost evaluation using third-
2027 and being flexible to i D(560P-*@+<t)@)*0 - i where possible and efficient. i party benchmarking
address 2028 needs : robustness and utilization : metrics
Risks Efficiencies

& Triggering additional costs: & Avoidance of redundant capital investment including
recognizing synergies with EOL facilities and overlaps of

< Substation rebuilds due to extreme short-circuit levels . o .
_ " previously approved (or imminent) supplemental/baseline
< Avoid extended critical outages (Peach Bottom / upgrades.

Conastone rebuilds)
& Imposing high permitting
& Inability to meeting in-service date

www.pjm.com | Public 1 HSHY%




2022 RTEP Window 3

Overview of Submitted Proposals
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é/ Proposal Groupings

& Proposals were grouped in 4 main clusters
(East, West, South and Dominion) ’

& Each cluster included proposals by different
entities in the same need area and/or
addressing the same local/regional needs

& Scenarios were developed and tested:
< First; address regional needs

< Next; scenarios were refined (building new
scenarios) to cover local needs

< Scenarios were further refined using more
effective proposal components as
demonstrated through performance

www.pjm.com | Public

North Virginia
Data Center
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& Initial screening was conducted for all proposals on 2027 RTEP cases

& Scenario studies followed by developing and assessing:
< Combination Proposals from various proposing entities
< Combination of components from different proposals

& 2027 Results indicate all combination proposals can address the 2027 needs to a varying
degree
< All 2027 combination proposals offered 500 kV or 765kV solutions in the West
< Three out of four proposed combinations offered 500 kV reinforcements in the East
& Several other proposing entities offered 500kV and HVDC solutions
& Some 230 kV reinforcements were also offered as options to address eastern cluster needs

1 HSHY%
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& 2028 Robustness test was utilized to further assess the merit of all proposals
< 2028 evaluations indicated need for further regional transfer reinforcements (beyond those offered for

2027)
< Account for major deactivations in the study area (Brandon Shores among others)

< Account for higher regional transfers as a result of block dispatch and new gen deliverability test

& LS Power, Transource and NextEra (598) combination proposals show more significant violations
in 2028 initial testing
< PJM further tested components from LS Power and Transource proposal in developing additional

scenarios
< Nextera proposed a standalone add-on component to upgrade its 2027 combination proposal (598) to
address 2028 needs (175)

& NextEra 175 and the Incumbent (Exelon, FE and Dominion) proposal scenarios showed
23( --)-56+2031(3 - /5V0+<tW10)0+C030+K) 0Bt/ )+)*/3*-56+2 (-5*1(3t1K3*103t/))0)) - 05%)

1 HSHY%
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NOTE: This map is only
intended to illustrate the
general electrical connectivity
of the projects, and should
not be relied upon for exact
geographical substation
locations or line routes.
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é/ Summary of Proposal Clusters - East

& Six proposing entities submitted proposals to address the East cluster violations

& PJM confirmed the need for the following

< Regional reinforcements between Peach Bottom area and Northern Virginia
< Regional and local reinforcements into BGE

& PJM evaluated various combinations of the proposals/components to identify the
most effective solution

& ¥+ )-5/0-[-56++)10P/IK/*(5)+(1+*10+O-56+F (IB+<+O-V0+23(2() /1t /6/-5)*+/+
number of alternatives.
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& BGE local/regional solution
< | A0)* " ((203+<+R-6 1+1O-B6O+E$S+GQH , 400(5]
< O/VIHM(C*( - TN200/+<+0/21 /Ot AZKE 1+ 7 1 /20HESSGON L, F]
< 0/VHMC*( - +<tM3/5B(5+L 1 (BO+ESSGQA L, F]
< 00500+<+tA/ZK6 1+ 1/2001B (KIIO#%$+GQH\™N04*03/]

& BGE local area solution (Focused on Brandon Shores Deactivation)
< | F3/VO*(5+<tM/*/P-/+B (KIIOH-3VK-+#%SGQH , 4OD(5H’?O/V*-P/*-(5+LV(20U

< O/VIHM(*( - TN200/+<+0/21 /Ot A/ZKE 1+ 1 /20HESSGON L, F]

< 0/VEHMC*( - +<tM3/5B(5+L 1 (B0+E$$+GQA L, F]

< 0050@+<+tAZK6 1+™ 1/200#%$+GQ+B (KIN0+V-3VK-+\"04*03/]

* Red boxes refer to solutions proposed by incumbent to address BGE area needs.
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é/ Summary of Proposal Clusters - East

& Regional solution (Regional Transfers)
0/VEM(C*( - +<+tF3/VO* (54t ™ (5/)*(501N:+200t/+E$SCQK263/B0+\ , 400(5TW3/5) (K3VO]
0/VIM(*( - +<+?(KI)ESSGCQHN L, F]

" (6/)*(50+<+? (KI)ESSGQ\ L, F]

RK5*03)*(C5+<+F3005+Q/N0A+ESS+GQ\ L, F]

RK5*03)*(C5+<+? (KJ)+<+tF (() 0+ " 300GE$SGQN\™N04* , 3/+/5B+SL+ (CO3]

U*03+ " 300G+<tWH  (-5%E$$GQNN04*, 3/]

" (5/7)*(50t<tWH  (-5%E$$GQHN\N04*, 3/]

U*03+ " 300G+<+ = (5/)*(50:E$SGCQH\  S]

NE 12000 /+<t ™ (57)*(50tE$$GQNN04*, 3/+/5B+SL+  (CO3]

WH (-5%<+?2/*/+7 05*03+ DNO@+#%$+GQH\N04* , 3/]

Transource 230kV development between Peach Bottom and Conastone (Transource)

N N NN NN N NN NN
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NOTE: This map is only
intended to illustrate the
general electrical connectivity
of the projects, and should
not be relied upon for exact
geographical substation
locations or line routes.
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é/ Summary of Proposal Clusters - West

& West regional solutions
<  E$# +<tMI/VGHU/G<tL*(50C/M<+NOCMOD - (B*\F/5*THESSGQN\N04* , 3/]
N (3 1 /3+-5+<+? (KI)+ES$+GQ+B(KIIOT)-5600+V-3VK-)AN , ]
3K5*@*(C5<t ¥ #:+L*(3 - +/5B+ 1 0/B(CM3((G<+? (KI)ES$GQAN , ]
E$# +<tMI/VGHU/ZG<+? (KI)ESS+GQASL+ (CO3]
O 1K/IN/D)+<ta0/*ZbE+GQAW3/5) (K3VO]

& All of the 500 kV proposals listed above overlap or use similar ROWSs
adjacent to existing transmission developments in the area.

& Less effective/efficient solutions were also tested, for example:
< N3(5HO(@/1+<+NOC+A-) 1-56+L*/3HESSGQAN04*, 3/]
< Black Oak - Goose Creek 500 kV (NextEra)

<
<
<
<
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é/ Summary of Proposal Clusters - West

& Four proposing entities submitted proposals to address the West cluster violations
< All proposals are approaching the western needs by 500 kV or 765 kV new lines
< PJM evaluated every proposal individually

& PJM evaluated various combinations of proposals or their components to identify the
most effective solution

& PJM confirmed the need for the following

< Regional reinforcements from West (a minimum of 1x500 kV or 1x765 kV
BOPOI(2 - 05%<+J (*1t30cK-30+BOB-V/*0B+B@5/ - -V+Q O+)K22 (3]

< For the 500 kV reinforcement options terminating at Doubs, additional transfer
capabillity is required into Goose Creek area (Northern Virginia)
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é/ Summary of Proposal Clusters - South
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é/ Summary of Proposal Clusters - South

& Four proposing entities submitted proposals to address the South cluster violations
< All proposals are addressing the South needs by proposing new 500kV lines primarily
< PJM evaluated every proposal individually and in combination

& South Regional Solutions

N3(5%0 (0/0<+Q-5*R-IESH+GQNSL+ (CO03]

R-5) (5)tN(3B+tOB+<tM3/ . JIO*(5+E$$GON L, F]

N3(5*0 (@/0+<+0C+A-) 1-56+L*/3\0/VOT-0B-E$SCQAN04* , 3/]
N3+ 55/+<+A) 1-56+L/HE$SSCQA? ( - -5-(5]

N N N AN

& ¥+)t0OP/IK/*56+10+500B+7(3+/+2 (3*-(6+(T+ 10+ (3 1+ 55/+<tA-) 1-56+L*/3HESSGO+
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Summary of Proposal Clusters - Dominion
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é/ Summary of Proposal Clusters - Dominion

& Three proposing entities submitted proposals to address the Data Center Alley violations
< Two underground 500kV cables Vs. One overhead 500/230KV
< PJM evaluated every proposal individually

& Dominion Data Center Alley Solutions
< F(QO0+"300G+<tM0O/K - 0/BOESS Q+K5B0363(K5BASLt+ (CO3]+<+#%S$;TUE>b+1Q +T(3LNTL,
<  L*QGG+<tNI@)+ESSGCQIK5B0363 (K5BH\W3/5) (K3VO]+<+%%S#T%%S#+ 1 Q +1(3+LNL,
< )205t<tF (0BO5+< ¥ /3)ESFTHNSCQ+(PO310/BA? ( - -5-(6]+<td%EZTd%EZ+ ¥ Q +1(3+LNL,

&  This solution attempts to establish a second 500kV path along the existing 500kV path between Brambleton
and Goose Creek

& Existing substations in the area are congested/space limited and hence the two new substations (Aspen and
Golden) will establish two new main substations

& Both the 500kV and 230kV systems will be accessible to serve additional load and Delivery Points

& ¥ +)+0P/IK/*-56+10+500B+7 (3+tF (1BO5+<t ¥ /3)+E$SGQ+04*05)-(5¢
<  Closing the Aspen-Golden-Mars 500kV loop could take place in stages.
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Proposals Detailed Constructability Review
and
Scenario Short List
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PJM Risk Assessment Criteria

PJM Risk Assessment Criteria

Schedule Risks

Constructability Risks

Use of Existing
ROW/Brownfield

Outage Coordination Risks

Risk
Cost Estimate Risks Cost Containment Risk
Assessment
Greater than or within O-
Low 10% of Independent Hard cost cap
Estimate
X Within 10-20% of Soft cost containment (e.g
Medium .
Independent Estimate ROE caps)
L Minimal cost
X ) Within 20-30% of . .
Medium-High . containment/Excessive
Independent Estimate .
Exclusions

www.pjm.com | Public

Ratings assessed based on
independent assessment of
proposed in-service dates,
and assessment of
significant schedule risks
such as such as permitting
and constraint mitigation,
long-lead material
procurement, land/ROW
acquisition, construction
complexity.

Ratings assessed based on
independent assessment of
the number and severity of

constructability risks
assessed for the proposed
project scope, such as
permitting and constraint
mitigation, land/ROW
acquisition, construction
complexity.

Rebuild/Reconductor
Upgrades or Pure
Brownfield

Minimal existing facility
outages required, beyond
short outages to cut-in to

existing facilities

Mostly Brownfield (i.e.
Uses/Overlaps existing
ROW but requires
expansion)

Significant existing facility
outages required, with
reasonable outage
coordination plan proposed

Greenfield paralleling
existing ROW

Significant existing facility
outages required, with no
coordination plan proposed
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Risk Assessment Matrix - East
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East Cluster Projects — Selected for Detailed Evaluation

Low Medium-High Low Low Low Medium
Low Medium-High Low Low Low Medium
Medium Medium Low Low Medium Medium-High
Low Low Low Low

Medium Low Medium-High Low
Low Medium Low Medium Medium
Low Medium-High Low Low Medium Medium

Medium Medium Low




Risk Assessment Matrix - West

West Cluster Projects — Selected for Detailed Evaluation

837 FFl'rc:II::'lEe[r)g-y Data Center Reinforcement Proposal #1 6/1/2030 2,394.96 2,095.63 Low Medium Medium-High Medium-High Low
548 LS Power RTEP Window 2 Solution (West Components} 6/1/2030 972.71 876.03 Low Medium Medium Medium-High Medium-High Low
502 Junction - Black Dak - Woodside - Gant,

853 NextE * 6/1/2027 £583.55 1,195.24 Medi Medium-High Medium-High Medium-H Lo

ra Woodside SVC + Cap Banks /1 - - edium um-Hig um-Hig um-High W
AEP- Joshua Falls - Yeat 765kV G field Li d
904 oshua Falls - Yea (areentield Lne an 12/1/2029 1,048.10 1,136.50 Low Medium Medium Low
Transource Substation
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é/ Risk Assessment Matrix - South

South Cluster Projects — Selected for Detailed Evaluation

O U
. oj€ : RO ord

Medium-High Low Medium Medium Medium
Low Medium Low Low Medium
Low Medium Medium-High Medium-High Medium-High Medium

Low Low Low
Low Low Medium Medium Medium

Medium Low
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Dominion Cluster Projects — Selected for Detailed Evaluation

O

 Date ord
Low Medium Low Low
Low Medium Medium-High Low
Low Medium Medium-High Medium-High Low
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PJM Combination - 500 kV Scenario
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= PJM Combination - 765 kV. Scenario
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Constructability & Financial Analysis
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2022 RTEP Window 3
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Reliability Analysis Update

Sami Abdulsalam, Director
PJM Transmission Planning

Transmission Expansion Advisory
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