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Introduction

The PJM system covers more than 369,000 square miles in 13 states and the District of Columbia. Serving
approximaly 65 million people, the PJM system includes major U.S. load centers from the western border of lllir
to the Atlantic coast including the metropolitan areas of Baltimore, Chicago, Cleveland, Columbus, Dayton, Nev
Norfolk, Philadelphia, PittsbRighmonend Washington D.C. PJM dispatches more than 180,000 megawatts of
generation capacity awere tha4,000 miles of transmissiori lsmegstem that serves nearly 21 percent of

the U.S. economy. The PJM system is electrically conthmmsistsaafimultiple electrical service territories.
PJM6és Bul k Electric System (BES) includes a robus
115kV facilities. The map below depicts the PIJM service territory footprint dvVeidaidality®lnes

operated at 345 k\d above.

Substations
- 345kV
- 500 kV
o 765KV

Transmission Lines
- HvDC
- 500KV

~~ 785kV

Map 1. Existing PIM 345 kV, 500 kV, and 765 kV Network
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As a Federal Energy Regulatory Commission (FERC) approved Regional Transmission Organization (RTO), or
PIJMG6s core funct i osmissiorplannmng pPdM isatse a NoghgAmericaa ElectticrRaliability
Corporation (NERC) registered Reliability Coordin
annual planning process is known as the PJM Regional TransmissiBlaEXxBamdt)n The RTEP process is
established in the PJM Operating Agrée&uoleedule BRegional Transmission Expansion Planning Protocol.

The RTEP processes and procedures are described in detail in the PIJM Regional Transmission Planning Proce
Manals. PJM Manual 14BJM Region Transmission Planning process contains the process used to complete
the annual baseline reliability assessment.

PJM6s Regional Transmission Expansion Plar (RTEP)
required to preserve the reliability of the transmission system. The PJM system is planned such that it can be
operated to applicable System Operating Limits (SOL) while supplying projected customer demands and projec
firm transmission service oraarge of forecast system demands under contingency conditions that have a
reasonable probability of occurrence. PJM reliability planning encompasses a comprehensive series of detailed
analyses that ensure reliability and compliance under the mostis¢riageiicable NERC, Regional Entity

(RFC or SERC as applicable) @ndMocal criterieo accomplish this each ydmseline assessment is

completed for applicable facilities over the nedr yeamsjland longer term (yeHs$. 6All BkiElectric

System (BES) facilities are included in the RTEP baseline assessment process as required by NERC Standard:

PJM is registered with the North American Electric Reliability Corporation (NERC) as the Reliability Coordinator
Interchange Autity (1A), Transmission Operator (TOP), Balancing Authority (BA), Planning Coordinator (PC),
Transmission Planner (TP), Transmission Service Provider (TSP), and Resource Planner (RP). There are mult
transmission zones within PIJM. Table 1 Idtsitdinsmission zones in the PIM footprint. A few smaller PIJM
transmission owners are modeled within another larger PJM transmission area and are not explicitly listed on tf
table. A few examples of this are Neptune Regional TransmissionL8ydenvELC,LC, and Essential

Power/Rock Springs

PJM © 2021 www.pjm.cofiror Public Use 4|Page


https://www.pjm.com/

‘é/ 2020 2035 PJM Baseline RiiipiAAssessment

AP Allegheny Power System, Inc.

AE Atlantic Electric

AEP American Electric Power Co., Inc.
ATSI American Transmission Systems, Inc.
BG&E Baltimore Gas & Electric Co.

CE Commonwealth Energy System

DAY Dayton Power and Light Co

DEO&K Duke Energy Ohio and Kentucky
DLCO Duquesne Light Co

DP&L Delmarva Power and Light Co

EKPC Eastern Kentucky Power Cooperative
ITCI ITC Interconnection

JCP&L Jersey Central Power and Light
METED Metropolitan Edison Co

OVEC Ohio Valley Electric Corporation
PECO PECO Energy Co.

PENELEC | Pennsylvania Electric Co
PEPCO Potomac Electric Power Co.

PPL PPL Electric Utilities

PSE&G Public Service Electric and Gas Company
RECO Rockland Electric Company

UGl UGI Utilities Inc.

DVP Virginia Power (Dominion)

Table 1PJM area Transmission Zones
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PJM is interconnected with neighboring systems and has over 100 BES transmission ties to these adjacent sys
Table 2 Iists PJMO6s nei ghb o rinategplarminganatyses with adjdcerd s s o ¢
Planning Coordinators and Transmission Planners to ensure that contingencies on adjacent systems are studie
part of PJIMs RTEP process.

ALTE Alliant Gas and Electric i East

ALTW Alliant Gas and Electric i West

AMIL Ameren lllinois

AMMO Ameren Missouri

BREC Big Rivers Electric Corporation

CPLE Carolina Power and Light Company - East
CPLW Carolina Power and Light Company - West
DEI Duke Energy Indiana

DUKE Duke Energy Carolinas

IPL Indianapolis Power and Light Company
ITCT International Transmission Company
LAGN Louisiana Generating Company

LGEE LGE Energy

LIPA Long Island Power Authority

MEC MidAmerican Energy

METC Michigan Electric Transmission Co.
National Grid | National Grid

NIPS Northern Indiana Public Service Company
NYISO New York 1ISO

oMU Owensboro Municipal Utilities

ORU Orange & Rockland

SMT Brookfield/Smoky Mountain Hydropower LLC
SIGE Southern Indiana Gas & Electric Company
TVA Tennessee Valley Authority

WEC Wisconsin Electric Power Company

Table 2PJM Neighboring Systems
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The PJM RTEP process requires that cost responsibility for facility enhancements be established. In order to
establish a starting point for development of Regional Transmission Expansion Plans and determine cost
responsibl i ty for expansion facilities, a Obaselined6 &
purpose of this assessment is threefold:

1. To identify areas where the system as planned under previous assessments does not meet
the applicable rélidy criteria and standards as a result of load increases on the system or
changes to methodologies associated with the analyses.

2. To develop and recommend facility expansion plans which will bring areas where the system
does not meet performanagrezgents specified in an applicable standard into compliance.
These plans include cost estimates and regameddmates.

3. To establish what will be included as baseline costs in the allocation of the costs of expansio
for those generation and raat¢ransmission projects proposing to connect to the PIJM
system.

The system as planned is evaluated for its compliance with all applicable reliability standards to accommodate |
forecast demand, committed resources, and commitments for firmdeavisegsEina specified time frame.

Areas that are found to not meet applicable reliability criteria are identified and enhancement plans are develop
achieve compliance within an identified timeframe. The lead time necessary to irepieenbantesyst

is considered as part of the overall plan. In addition, the status and progress of each upgrade is tracked closely
ensure that the requireskivice dates are met.

The Obaselined assessment lebase dystem fortesanductofng expan
Interconnection Feasibility Studi&yarmhimpact Studies associated with new generation, merchant

transmission and long term firm transmission service. The interconnection process is described by Manual 142
Generaton and Transmission I nterconnection Process.
from2@0througt2@5for the PIM footprint.
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Executive Summary

PJM is responsible for the development of a Regional Transmission ExgdaER)domRlasm PBM system that

will meet the needs of the region in a reliable, economic and environmentally acceptable manner. As further
described in following portions of this assessment, the PJM RTEP combines a broad set of analysis into a sing|
plan.The annual RTEP process consists of a baseline reliability review, analysis to identify the transmission ne
associated with both generation interconnection and merchant transmission, review of conditions experienced i
time operations, irgimal reliability analysis, and many other special studies. The RTEP incorporates the uniqu
needs identified bylepth thermal, stability, short circuit, and voltage reliability analysis. PJM ensures a robust ar
comprehensive annual RTEP by incogoaliaif these diverse needs into a single plan.

The annual RTEP planning assessment includes a comprehensive review of PIJM Bulk Electric System (BES)
facilities as required by NERC standat@3EPLPJIM maintains a series of power flow, sharicstalility

cases that represent a range of critical system conditions for a range of forecast demand levels and study years
annual RTEP baseline analysis performs the following tests at a minimum to ensure NERC TPL compliance:

1) Thermal Analysis
a) Normal system (all facilities in service), single, and multiple contingency analysis as required by NERC
standards
b) Generation deliverability analysis, as described in PJM Manual 14B Section 2 RTEP Process
¢) Common mode outage procedure analysssriéed in PJM Manual 14B Section 2 RTEP Process
d) Load deliverability analysis, as described in PJM Manual 14B Section 2 RTEP Process
e) N-1-1 analysis
f) Light Load Reliability Analysis
g) Winter Reliability Analysis
h) 15 Year Analysis
i)  Transfer Limit Analysis
2) Short Circuit fault duty analysis
3) Voltage Analysis
a) Voltage limit testing, including voltage magnitude and voltage drop monitoring for many of the test meth
listed above for the thermal analysis
b) Voltage collapse, includingcanwergent events
c) PV aalysis, including Transfer Limits
4) Stability Analysis
a) Transient stability (short and long term)
b) Small signal stability (oscillations)
c) Voltage Stability
d) Nuclear Plant Interface Requirements (NPIR)
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PJM also studies, requests for new generationt traarshassion, and long term firm transmission service. The
process for studying these requests is described in PIJM Manual 14A. In C2leRA& gearpbetBa4
systemmpact studies to accommodate new generation, merchant transmistaom, fana t@mgmission

service. The 20RTEP includes any upgrades associated with theoppoetieat are required to maintain the
reliability of the PIM system.

1) New Services Quevralysis
a) Generation interconnection
b) Merchant transmission
c) Yean long term firm transmission service

Information related to the generation, merchant transmission, and yearly long term firm transmission service rec
gueues can be found on the PIJM website at the following link.

https://www.pjm.com/planning/servioeguests/interconnectiarueues.aspx

Information that is posted on the PJM website includes the BitetwSefitloes Qusuas well as the

technical studyprets. The technical reports include the feasibility, impact, and facility study reports. PIM
agreements such as interconnection service agreementsig¢gZonaedticonstruction service agreements
(CSA) are also posted on the website.

PJM cooidates intar e gi o n a | activities with neighboring syst
agreement2JIM patrticipated in severalrggarnal studies as part of tB@RDEP.

PJM coordinates ingional activities with neighboriegmsyst pur suant t o PJM6és Tarif
agreement2JM annually participates in a wide rangeeagfionial groups and committees. Several significant
efforts in 20are listed below.

1) Interregional planning groups
a) Independent System Opetd&Regional Transmission Organization (ISO/RTO) Council (IRC)
b) Eastern Interconnection Planning Collaborative (EIPC): Planning Coordinators of the Eastern
Interconnection
i) 2020 High Renewables Study
ii) State of the Grid Report
¢) Joint Operating Agreement eithydrk ISO (NYIS@3Joint Operating Agreement witBidviithent
ISO (MISO)
i) Joint ISO/RTO Planning Committee (JIPC) activities pursuant to the PINENNOIS@HESO
Planning Coordination Protocol
() Interregional Planning Stakeholder Advisore€diRBAC)Reliability and Market Efficiency
Analysis
i) Joint RTO Planning Committee (JRPC) activities pursuant to the MISO/PJM Joint Operating Agreernr

PJM © 2021 www.pjm.cofiror Public Use 9|Page
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(1) Interregional Planning Stakeholder Advisory CommittédR@R&ANRYy and Market Efficiency
Andysis

d) Southeastern Regional Transmission Planning: (SERTP)

i) Joint Operating Agreement with Duke Energy Progress (DEP)

i) Joint Operating Agreement with Tennessee Valley Authority (TVA)
e) Joint Reliability Coordination Agreement between PJM and TVA
f) North Caroéinfransmission Planning Collaborative (NCTPC) planning and data sharing agreement

2) North American Electric Reliability Corporation (NERC) and Eastern Interconnection Reliability Assessment

Group (ERAG) related activities

i) SERC Reliability Corporation aadiassi committees and working groups

i) RFC Reliability Corporation and associated committees and working groups

PJM Planning also coordinates with PJM Operations to review operational performance jssues. In addition
sensitivitytudiesnay beequestedyistakeholdersExamples of these studies include:

Additional Studies

1 N4251.14 modeling issue and related short circuit investigation (DEOK)

Operating guideline and other sensitivity studies

1 High Voltage issues at East Windsor 500 and 230 kV (JCPL)

The RTEP assesses the needs of the system, at peak load for year one, two, three four and year 5 in the near t
and over the longer term (up to 15 years) to identify baseline transmission enhancements that require more tim
implement. Additionally, &Euates an off peak load seasonal assessment for year 5 PJM also is responsible for
recommending the assignment of any transmission expansion costs to the appropriate parties. In order to carry
these responsibilities, it is necessary to esgablishrat i ng poi nt or O6baselined fr
for enhancements can be determined.

As the NERC registered Planning Coordinator, PJM is the responsible entity that coordinates and integrates
transmission facility and service plamsceeglans, and protection systems for both the near term and longer
term. The planned network upgrades required by the RTEP serve as a central repository for the BES related
reliability plans of the individual PJM transmission owners. Byeértetjvadingl thlans into a single plan, the

RTEP is able to provide a robust reliability plan for the PIM Bulk Electric System.

In order to establish the long term plan, PIM has defined the fifteen (15) yed&tQikrmayir@&3RS the

20 baseld planning period. This assessment is incl
and required upgrades. As such, the existing system plus any planned modifications to the transmission syster
including reactive resources that aguksrhto be in service prior to the@@iher peak period were chosen

as the base system for theteearassessment. This ensures the system as planned remains compliant with
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reliability standards. Appendix A represents a snapshot of all nfifigededRifIEP evaluations pridz@o 20

These identified upgrades, when added to the previously existing system, function as the base system for future
models. In addition, assessments for delivery years prui@reoliiated with current assunspdi validate

the omyoing need for identified upgrades and to ensure continued compliance with reliability criteria.

For the ZDRTEP cycle, PIM has stuizliggnerator deactivation notifications resulting, #06V&Y of

existing generation dirating in 200r some point in the near term planning horizon. In order to establish a

model which accurately included all expected generation retirements, PJM performed many sets of analysis to :
the effects of these generation retirementg/stethBaseline transmission upgrades were identified as a result

of these deactivations. The upgrades resulting from the deactieatiorisedietbe basecase before

approving new RTEP upgradasyaf the standard RTEP anfdysiee 2Z20RTER:ycle The scope of the

deactivation notification analysis was significant and included a review of system in2gaicteuglyears 20

205. The scope and results of the generation deactivation analysis is discussed in subsequent sections of this
repot.

All new generation and merchant transmission projects that ktedadection Sendgeeement were

also included in this baseline system along with any associated transmission enhancements as identified in the
Systenimpact Studies ass@dawith those requests. Queued generation, merchant transmission, and firm
transmission service is studied and subsequently included in tfor HeséEgeervices Queue stubies

process for these studies is detailed in PJM manual 14A alPAAWB mizamchments describe the analysis

that is performed to ensure the reliability of new generation, merchant transmission, and firm transmission servi
Any supplemental transmission enhancements independent of those associated witbmaargeaetatio
transmission projects were also included. All firm transmission service currently committed for the period was
represented.

PJM has conducted a comprehensive assessment of the ability of the PJM system to meet all applicable reliabi
planning criteria. The applicable reliability planning criteria are listed below:

1 NERC Planning Standards
http://www.nerc.com/pa/Stand/Pages/default.aspx

1 RFC Reliability Standards
https://rfirst.org/ProgramAreas/Standards/Regional/Pages/Regional.aspx

1 SERC Reliability Corporation
http://ww.sercl.org/Application/HomePageView.aspx

1 PJM Reliability Planning Criteria as contained in PJIM Regional Transmission Planning
Process Manuéltsp://www.pjm.com/library/manuals.aspx

1 TransmissionM@er Reliability Planning Criteria as filed in their respeé&ioreiFERC
filinchttp://www.pjm.com/planning/plamiérg/tplanningriteria.aspx

In comptang this assessment, PJM has documented all conditions where the system did not meet applicable
reliability criteria and identified the system reinforcements required to bring the system into compliance along w
estimated cost deddtime to impleméném.
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Those areas that were found to not meet applicable reliability standards establish the need for reinforcement in
areas independent of any future interconnection projects not included in the baseline analysis. The resulting sy
with thédentified reinforcements to bring the system into casrgoligcipated e used in evaluating the

impact of the projectguieues RL and B2 that qualify and elect to proceed wgiystdrampact studies. The

extent to which reinforcemesnisifidd in the baseline assessment are advanced, deferred, modified or eliminated
will be used in determining cost responsibility for the final plans in the RTEP.

It should be recognized that the reinforcements identified in this baseline anabjifisdnaghvaeced,

deferred or eliminated as a result of future system assumptions. Future assumptions include generation projec
merchant transmission projects, generation retirements, or transmission service being added to or removed frot
system The development of the RTEP for PJM is an ongoing process, which includesySteraompaett of

studies and development of plans to accommodate the new interconnection projects. Uposysbempletion of the
impact studies some projects map@ec proceed. When it is determined which projects will commit to proceed,
PJM develops a new baseline RTEP to meet the needs of the region, including the accommodation of all new
projects committed to connect, during the next 5 year period.
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Key Finthgs

Inclusive of the baseline upgrades identified in the Results Section of this assessment, PIJM assesses its syster
being compliant with the thermal, reactive, short circuit, and stability requirements of all applicable standards
including NERC Stenadal PI0014 for both the near term and longer term. The results section of this assessment
includes all planned upgrades needed to meet the performance requirements of Table 1 in each respective TPI
standarchtoughout the planning horizon.

The reinfoements identified as part of @@RIEP that are required to achieve compliance having an estimated
cost of at least $10 million are described below. The-sequirediate of these upgrades is also included. A
complete list of projects aldhgietiailed descriptions of the conditions that are driving the need for them, are
described in the Results section and Appendix A of this report. PJM staff from the Infrastructure Coordination g
coordinates with the transmission owners and generatidrant transmission developers to monitor project
schedules for implementation of these reinforcements and coordinate any required outage activities to ensure tl
reinforcements are completed by their regeaireiderdates. The cost estirhale® are based on those

provided by the responsible entities and discussed at the monthly Transmission Expansion Advisory Committee
(TEAC) meetings during the calendar year.

PJM MID ATLANTIC
AEC

9 Rebuild the CorsBourt 69 kV line to achieve ratingsleqtio 795 ACSR conductor or-16¢12025
$13.20M

Penelec

1 Construct a new breakmda-half substation near Tiffany substation. All transmission assets and lines will be
relocated to the new substation. The two distribution transfofiedrsanildeledication 115 kV feeds to the
existing Tiffany substatiéfl/2025%$23.20M

PJM SOUTH
Dominion

9 Install 2nd Chickahominy 500/230 kV transtif2e23$22.00M

9 Install a 2nd 230kV circuit with a minimum summer emergency rstirdgy oétld=ih Lanexa and Northern
Neck Substations. The 2nd circuit will utilize the vacant arms ecirthétduldtires that are being installed on
the Line #224 (Lan®athern Neck) Ewfdife rebuild project (b30891/2023%$14.00M

1 Expad the Northern Neck terminal from a 23fréaket ring bus to-laréaker ring bu$/1/2023$5.00M

1 Expand the Lanexa terminal fraone@ker ring bus to a breakda-half arrangemen/1/2023%$4.00M
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PIJM WEST
AEP

9 Construct a 345 kV ting at Dunton Lake to serve SDI load at 345 kV via tw&11dR261i&$23.40M

9 Rebuild and convert the existing 17.6 miles Eadtdveipitierty 34.5 kV circuit to 138 kV using 795 ACSR
6/1/2025%$31.35M

1 Rebuild approximately 8.9 miles ofi6@ ketween Newcomerstown and Salt Fork Switch with 556 ACSR
conductor.6/1/2025$15.89M

T Rebuild approximately 9 miles of the Rebdttak 69 kV 1in&/1/2025$20.90M

I Construct a 2.4 mile double circuit 138 kV line to connect LakiecHS8Ikhtaetwork; Build a new 138/69 kV
transformer station to feed Lakehead; Rebuild the 8.4 mil@&bstmhan Hydro line and the 1.2 mile Buchanan
South 69 kV Radialit#s1/2024 $36.2M

1 Rebuild 4.23 miles of 69 kV line between Sawmaillarstdteon, using 795 ACSR 26/7 con@tt2025
$12M

1 Rebuild 7.5 miles of double circuit 69kV line between East Ottoville Switch and Kalida Station (combining with the |
Roselms to Kalida 69 kV cirdfity2025 $23.6M

1 Build 9.4 miles afgle circuit 69 kV line from Roselms to near East Ottoville GO&{V/ZYAcH13.7M

1 Rebuild approximately 12.3 miles of remaining Lark conductor on the double circuit line between Haviland and Eas
Lima with 1033 54/7 ACSR condu&/202% $25.9M

1 Rebuild approximately 4.0 miles of existing 69 kV line between West Mount Vernon and Mount Vernon stations.
Replace the existing 138/69 kV transformer at West Mount Vernon with a larger 9@/thvexistiiigae® gV
breaker 'Q" 6/1/202% $12.9M

1 Rebuild Fleming station in the clear; Replace 138/69kV Fleming Transformer #1 with 138/69 kV 130 MVA transfort
with high side 138 kV CB; Install a 5 breaker 69 kV ring bus on the low side of the transformer, replace 69 kV circu
switcher AA, tlape 69/12kV transformer #3 with 69/12 kV 30 MVA transformer, replace 12 kVi@&B A and D. Ret
existing Fleming substaitid2/1/2026$21.1M

1 Replace the Meigs 69 kV 4/0 Cu station riser towards Gavin and rebuild the sectidteailtok [deikg
circuit from Meigs to approximately structure #40 (~4 miles) replacing the line conductor W@ ACSR with the
conductor size 556.5 AGERL/2025 $12.1M

T Rebuild ~5.44 miles of 69 k\fdimeLfock Lane to Point Pledséfit/2025 $13.5M

1 Rebuildhe existing Cabin Crelgklly Creek 46 kV line (to structudelBéfpproximately 4.4 miles. This section is
double circuit with the existing Cabin Coadkn 46 kV line so a double circuitwelnidlde required
6/1/2025 $20.9M

APS

PJM © 2021 www.pjm.cofiror Public Use l4|Page


https://www.pjm.com/

‘é/ 2020 2035 PJM Baseline RiiipiAAssessment

i At Shigletown Substation (APS Zone) convert the 230 kV station to a six breakesdrandumsaé the

existing capacitor. Install SCADA control. Install new wave traps on Shawville and Dale Summit line exits.
12/31/2025$11.65M

 Reconducttine Yukoh Smithtoin Shepler Hill Jct 138 kV Line. Upgrade terminal equipment at Yukon and replace
line relaying at Mitchell and ChaB&x1023%$24.50M

1 Reconfigure Stonewall 138 kV substation from its current configutatakeo larsakanda-half layout and
add two 36 MVAR capacitors with capacitor svétti025%$13.30M
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Objective and Scope

The objectives of this assessment were as follows:

a) To identify system reinforcements as required to ensure compliance withdsIERIDGidndar

b) To identify areas where the system as planned for the near tét@itperigd 2@2vould not meet
applicable reliability standards

c) To develop and recommend preliminary facility expansion plans, including cost estimates and required i
service dates, to ensure all areas meet applicable reliability criteria.

d) To identify areas where the system as planned for the longer tefthpeuigidl 282hat would not
meet applicable reliability criteria, and where appropriate, develgpamspditssee plans include
required in service dates of the facilities needed to bring those areas into compliance. This longer term
planning is in consideration of larger scope projects that may require long lead time to implement.

e) To establish whall b included as baseline expansion costs for the allocation of the costs of expansion
for those projects includ&tkim Services Qusue

The scope of this assessment included analysis for th2Oplertad)R2G30 ensure the system would meet

al applicable reliability planning criteria. These assessments include baseline thermal, baseline voltage, therme
voltage Load Deliverability, generation deliverability, and baseline stability analysis. The baseline thermal and
voltage analysis enpasses an exhaustive analysis of all BES facilities for compliance witiyNERIC PO

0014) events. In addition, consistent with NERC starifd, BRiumber of extreme events as defined in

Table 1 of TRIO14 were evaluated for risk and amrsasp to the system. Results of this study are not

documented in this report due to their sensitive nature, and can be RQiExtiartteeEAent Report.

The PJM Load Deliverability testing methods are described in Manual 14B, sectinse iz testsen

of the transmission system that is experiencing higher than normal load levels (90/10) with higher than normal
internal generation unavailability has the transmission capability to import energy to meet the transmission syst
reliabilit criteria. The generation deliverability testing ensures sufficient transmission capability so that generatic
can be ramped to full output so that excess energy can be exported to an area that is experiencing a capacity
deficiency. PJM also performstabaity analysis consistent with NERC and local transmission owner criteria to
ensure the system is stable for critical system conditions including fault conditions-fitnetsie¢hudes rmindti

faults with delayed clearing and light load sondition

Analytical testing is performed annually on a range of study years and system conditions to satisfy NERC stand
Every year analysis is performed on the 5 year out case, while the other nearer term cases (years 0 through 4)
retooled to be stutifer specific projects as changes to system conditions warrant. Additional analysis is also
performed for the longer term to identify marginal conditions that may require long lead time solutions. Currentl
part of the RTEP a year 7 or year 8 sagkad in detail as part of the annual RTEP. Dul@ogTer2@

year8 (2038 study year) was studied.

PJM Generator Deliverability testing, which simulates higher than normal generation availability in an area, is
performed at 50/50 load letAds1 Load Deliverability testing, which is performed on 27 Locational Deliverability
Areas (LDAG6s) within PJM6s footprint, simulates a
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higher than expected forced outage conditions}dxtinghdbe area at 90/10 load levels. Single and multiple
contingency analyses were also performed on a shoulder peak case as described in subsequent sections of thi
document.

The combination of these tests includes simulation of various systeoveoadinge of forecast system
demands and generation availability scenarios that simulate planned and forced outage conditions. This analys
performed for both the near term and longer term.

The continued need for the system reinforcavients\pidentified in prior RTEP Baseline Assessment Reports

and theueue A througlE2Systenimpact Studi@essociated with projects that have executed an Interconnection
Service Agreemerdre evaluated. Any previously identified reinforcearernts tbager required were

documented and removed from the list of RTEP Reinforcements. PJM adijsstsicecated imased on

updated forecasts that can affect the modeling of the system conditions. In the event that changing system
conditiondelay the need for a baseline upgrade beyond the 5 year planning horizevalBaM tiié reeed

for that upgrade. When evaluating the continued need for previous reinforcements, analysis is performed to tes
system performarassociated witlli applicable reliability criteria including that gpdeifialil event categories

listed in Table 1 of TRIE4.
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Analysis methodology

PJM completed a robust series of analysis over a broad spectrum of system conditions encompassing a range
studyyears and forecast demand levels. The following sections detail the assumptions of the modeling and ana
The analysis sabctions are grouped by the analysis type. The modeling assumptidnasestaan@02

analysis are discussed in détad.modeling assumptions for the retool cases are not discussed in detail but
followed the same procedure as thea&@? which can be found in PIJM Manual 14B, Attachment H The

modeling assumptions of all of the cases follow the procedure inl2ByIAttachaient B. All study year

cases model all normal (NERC TPL PO0) operating proceduredhhMiaweali 3rransmission Operations

contains all PIM operating procedures thatcael@applPJM planning studies.

NERC Contingeyc | Applicable Monitored | Contingencieg
Analysis Type Category from Table Limits Elements Cons?dere d 1
of TPL Standard [ Monitored
normal system (no All System
. PO ;
contingency) Operating
i i Limits,
smgle contlr?gency P1, P2 including the Normal system
multiple contingency P3, P4, P5, P6, P7 most limiting All BES & selel All BES & sele
Load Deliverability P1, P2 thermal lower voltage| lower voltage
) o PO, P1, P2, P3, P4, P| voltage limit| facilities, all tig facilities. i1
Light Load Reliability anal P6, P7 (maggnitude to neighborind  considers all
and deviation systems possible
N--1 analysis P3 P6 vdtage regardless of| combinations ¢
’ collapse voltage single
generation deliverability P1, P2 thermal, contingencies
common modetage voltage
procedure P3, P4, P5, P6, P7 collapse

Modeling Assumptions & Critical System Conditions

PJM selected a range of forecast demand levels for the year 202

Table 3Analysis Type Summary

1 20590/10 Summer Peak
1 202550/50 Summer Peak
1 20%Light Load Reliabilitylysia (50% of 50/50 Summer Peak)
1 205 Winter Reliability Analysis

In addition to the analysis of tlesg282m, as part of this assessment, PJM also performed analysis of multiple
critical system conditions in the near term and longer term ptarminthe@ssessments of the critical system
conditions within these study years will be discussed in subsequent sections of this document.

The load forecast from th& RORI Load Forecast Report was used and can be found on the PJM website at the
followng address:
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https://www.pjm.cémédia/library/reperttices/loaibrecast/2020adreport.ashx?la=en

The 202summer peak analysis used tles@fner model from thé2eties MMWG (Multiregional Model

Working Group) case. The model wasl gudateling to the procedures in PJM Manual 14B, Attachment H. The
case build is a collaborative process that involves PIM, PJM transmission owners, and neighboring entities. Tt
case was reviewed with all PJM transmission owners to ensurenthandllpéexdisted facilities were modeled.

All future transmission upgrades with a regemadéardate up to and including Juné we?P@2nodeled as in

service. The list of future upgrades along with a schedule for implementation ipeoditaifed in Ap

All existing generation was modeled in the base case. Future generation that hadranrexectitad

Service Agreement (ISA) was modeled along with any upgrades required to maintain the reliability of the PIM s
including the futgeneration. Future merchant transmission facilities that had keegecoeztion Service
Agreement (FSA) were modeled along with any upgrades required to maintain the reliability of the PJM system
including the future merchant transmissimatibricmegarding all of these projects can be found on the PIM

website at the address below.

https://www.pjm.com/planning/saeieeEsts/interconnectjopues. g

Adequate Reactive Power resources were included in the base model to ensure system voltage performance.
of the reactive power resources modeled are existegvazelequipment while some are planned with a future
implementation date.stoli the planned reactive upgrades along with a schedule for implementation is contained
in Appendix A. Table 4 below is a summary of the reactive power resources inbloaeel (ndtestBo2e

are in addition to the reactive power associgtecdyeitbration noted above).
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2025

Area Name | Static | Dynamic| Total
AE 1158 450 1608
AEP 14502 650 15152
AP 5153 1760 6913
BGE 6306 0 6306
CE 8477 1800| 10277
DAY 1346 0 1346
DEO&K 838 0 838
DLCO 292 0 292
DP&L 1473 375 1848
DVP 9633 1750 11383
EKPC 1358 0 1358
FE 6609 1614 8223
JCPL 4733 55 4788
METED 1177 500 1677
PECO 4691 700 5391
PENELEC 2281 674 2955
PEPCO 1287 0 1287
PJM* 0 0 0
PPL 3596 0 3596
PSEG 9235 0 9235
RECO 0 0 0
UGl 66 0 66

Grand Total | 84212 10328 94539

Table 4Reactive Powdresources in base case Static MVAR: Capacitor Banks, Switched Shunts; Dynamic
MVAR: SVCs, Synchronous Condensers, and Dynamic Switched Shunts.
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The interchange targets in Table 5 below represents the net sum of all existing and plerrmethyearly long
transmission service commitments between PJM and neighboring systéssonéngeiad. A

205, 20D Series, MMWG case was used as a starting point for the modeling, all PIM firm transactions were
included in the RTEP base case modelibgs& tispatch is set as defined in PJM Manual 14B, Attachment

B.

205 RTEP Interchange

Source| Sink Total (MW)
PIM NYISO 817
PJM LGEE -475.5
PIM DEI -156
PJM WEC 90
PJM | LAGN -100
PIM CPLE 30
PIM DUK -100
PJM TVA 400
PJIM EEI 0
PJIM AMIL -1805
PM OMUA 0
PJM MEC 454
PJIM SMT -285
Total -11305

Table 5. Net Yearly Long Term Firm Interchange

In all cases, where the physical design of connections or breaker arrangements resulted in the outage of more 1
the faulted facility when the fault was ¢theseettiitional facilities were also outaged in the load flow. That is, the
breaker arrangements and system topology are used to develop and maintain the contingency files. For examy
a transformer is tapped off a line without a breaker, éathdtehsformer were outaged as a single

contingency event.

In addition, approved operating procedures were utilized as applicable. These operating procedures include th
of control devices such as Phase Angle Regulators (PARS) to mattageykiam oriso, the expected

operation of Remedial Action Schemes (RAS) were modeled and additionally tested where applicable. A comp
listing of applicable remedial action schemes and operating procedures can be found in the Transmission Oper
Manual (M3) at the following link:

https://www.pjm.com/library/manuals.aspx
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Contingencies Considered

The thermal and voltage analysis used a set of contingencies as required by NERC TPLsthriMdérds r at i ¢
was to define and select a comprehensive set that includes every possible BES contingency. Every possible si
and multiple contingency loss of PJM BES elements is as described on Table 1 of NERC TPL standards was d
in contingew files and included in the assessment. No single or multiple BES contingencies were excluded fron
this assessment. The contingency set also included an inclusive set of single conBife etesariteon

that are modeled in the base caseofAraétiple facility contingencies involvBigShéacilities was included in

the contingency set. A complete set of multiple facility contingenciesHE®feicititiesnwas not included in

the contingency set given that issuesBBdeciies are not expected to propagate to the BES system.

Contingency analysis takes into account the removal of all elements that the protection system and other auton
controls are expected to disconnect without operator intervention. Tihysrigafideserators and
transmission elements when protection equipment may exceed its performance capabilities.

I n addition to the contingencies studied within P
out side ofPJPM Mbsr Keod twirtimti.t s nei gystbnoaontimggncidsBr@d s ar
could affect PJMG6s system. Al conmMPiIMden RITESP adahmh

1 Over 2,000 Single contingencies were defoleding contingencies involving the loss of facilities in
neighboring systems.

1 Over 5,000 MultipkeacilitfContingencies were defined, including contingencies involving the loss of
facilities in neighboring systems.

1 The NI-1 analysis considers epessible combination of single contingencies, a total of over
376000,000 combinations.

P J M&8anatysis focused on contingencies as define@ATRIble 1 Steady State & Stability
Performance Planning Events.

Planned Outages in the Transmis$ttanning Horizon

Although there are situations in which outages are planned and scheduled more than 12 months in advance, m
often outages are submitted no more than one year in advance of the planned outage. Most maintenance plan
developed, atiterefore the associated outages are planned with less lead time. In cases where outages are
scheduled less than one year out, the lead time makes it impractical for inclusion in planning studies under the |
timeframe. Outages planned with a leaidi¢sseghan one year are evaluated by PJM Operations.

PJM performed additional analysis of planned maintenance outages in the planning horizon by studying certain
combinations of schedul ed mai nt enancieationsoftvage s as

used by PJM operations. To increase the conservatism of the simulation, planned outages of BES equipment w
studied on a Summer Peak case, which reflects a higher load than the historical maintenance outage season, &
therefore a morenservative test. PJM Planning notified PJM operations of the results of this analysis. The result
of this analysis are documented in the PJM Maintenance Outage Analysis report, which is published annually. T
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report also includes the analysis of duages of generation or Transmission Facilities with duration of at least
six months.

Planned outages are typically not scheduled at peak demand levels. In addition to the targeted maintenance ol
analysis described above, the delityetedidi @ performed at pedmand levels, which produce more severe
results and impacts than studies performed at off peak demand levels.

Monitored Facilities

All cases used for this assessment model all PJM Bulk Electric System facilities. Elsenspaitifiedeoititi

each analysis is described in detail in subsequent sections of this document. PJM also monitored every tie line
neighboring systems regardless of voltage. Over 20,000 individually modeled BES facilities are monitored in th
analysighiat supports this assessment. In addition to all BES elements, PJM monitors IcBESyoltage, non
facilities that are monitored by PJM operations. As p&0RBMBEE,2BIJM expanded its monitored facility list to
include BES facilities in the Mgariiit. PJM also completed several joint studies of neighboring systems as
described in the scope contained in the Executive Summary above.

Analysis of Nearerm

As part of the ngarm assessment, PJM evaluated a range of critical systemTdenditngesof system

conditions included thermal and voltage analysis@#/a®@8dmmer peak scenario, thermal and voltage

analysis of a 2020/50 summer peak scenario, and thermal and voltage analysis of a light load scenario. The
thermal analysigluded applicable thermal limit checking. The voltage limit analysis included checking applicabl
voltage magnitude and voltage drop limits. PV analysis is an important part of the RTEP analysis and is perfort
for selected scenarios. The methofdoleghecting the PV scenarios is discussed in a subsequent section of this
document.

Analysis is performed for planning events listed in Tab@®lhfol&isure that all performance requirements
are met, or upgrades to the system are implenagithexss required performance issues.

The forecast demand level, analysis type, and mapping to TPL standards are summarized in tables in this secti
addition, a summary of the analysis type, contingencies considered, monitored elemenimitdrenonitore
summarized in the Analysis Methodology Section. Stability tests are detailed in a subsequent section of this
document.

Normal System (All Facilities in Service) Analysis

The 20290/10 summer peak, 50/50 summer peak, light load anéakcalsies pere evaluated for system
performance under normal conditions. These models use data consistent with informaticA3&andied in MOD
MODBO033standards. The normal system analysis as defined in PO on Table 1-@0 MERESTRAt include

a contingency event. Rather, all facilities are assumeertacke Bvery BES facility and select lower voltage
facilities in PJM were monitored for thermal limits, voltage limits, and voltage stability. Reinforcements were
developed for area®mthe system exceeded applicable thermal limits, voltage limits, or became unstable. The
reinforcements, along with a schedule for implementation, are contained in the results section of this document
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Single Contingency Analysis

The 20250/50 summeegk, 90/10 summer peak and light load cases were evaluated for system performance
following the loss of a single element. The single elements included all of the P1 and P2 events defined on Tak
of NERC TRI0}4. Every BES facility and select litagievfacilities were monitored for thermal limits, voltage
limits, and voltage collapse. Additionally selgcsaffe m conti ngenci es which may
included in the single contingency analysis. Reinforcements were developeteftneasyatem exceeded

applicable thermal limits, voltage limits, or became unstable. The reinforcements, along with a schedule for
implementation, are contained in the results section of this document.

Common Mode Contingency Analysis

The 20250/5Gummer peak and light load cases were evaluated for system performance following the loss of tw
or more (multiple) elements. The multiple elements included all common mode events defined in Table 1 of NE
TPLOOX4. Every BES facility and selecw/atege facilities were monitored for thermal limits, voltage limits,

and voltage stability. Additionally setegtoft e m conti ngenci es which may aff
the Common Mode contingency analysis. Reinforcements wererdeeelopdtfe the system exceeded

applicable thermal limits, voltage limits, or became unstable. The reinforcements, along with a schedule for
implementation, are contained in the results section of this document.

N-1-1 Analysis

The purpose of thd-lNanalysis is to determine if all monitored facilities can be operated within normal thermal an
voltage limits after an acttdatdhtingency and within the applicable emergency thermal and voltage limits after an
additional simulated contingency. B&OZ2summer peak was evaluated for system performance following a
single contingency, followed by manual system adjustments, followed by another single cdritingency. The N
analysis monitored all BES facilities. The set of single contingaaaiesditatcompile the contingency pairs
included all single contingencies in PJM regardless of voltage, all PIM tie lines regardless of voltage, and selec
contingencies in neighboring systems. The contingency pairs that were considergmbssthided every
combination of single contingencies, a tots3 4@3@000 combinations. TFhé Hnalysis also analyzed the
contingency pairs in both possible orders to assess every combination and order of event. Reinforcements wer
developed for ageahere the system failed to meet the applicable normal rating after the first contingency or the
applicable emergency rating after the second contingency.

The NL-1 analysis also assessed applicable voltage magnitude and voltage drop lieniteagRitudeltagl

voltage drop testing, PIJM screened for potential voltage violations. Voltage violations include exceeding the no
low voltage limit after the first contingency, emergency low limit after the second contingency, or exceeding the
emergencvoltage drop limit after the second contingency. Reinforcements were developed for areas where vol
violations were identified.
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Deliverability Analysis

The202base case was al so used to anal yngall PINBESc apabi l
elements. To maintain reliability in a competitive capacity market, a resource must be deliverable to the overall
network. PJM has developed the Load Deliverability and Generator Deliverability test methods for evaluating tt
adequacyfmetwork capability for each of these deliverability requirements. Common mode outage analysis use
procedure similar to Generator Deliverability to assess the impact of P3, P4, P5, P6 and P7 contingencies, as d
in PJM Manual 14B, Addendum 2.

Abroad range of critical system conditions are established and analyzed through the deliverability test methods
Generator Deliverability test establishes a critical stressed generation dispatch for every flowgate (monitored el
and contingencyrp#nat could potentially be overloaded by the test. For every monitored facility, a critical stresst
dispatch is created for all normal (all facilities in service) and single contingency conditions that could potentially
overload the facility. Thibodetesults in the analysis of a large number of critical system conditions.

The load deliverability test procedure evaluates multiple critical system conditions though the evaluation of 27
individual stressed Locational Deliverability Areas, oapdlmrenabltage case, for each of the defined
Locational Deliverability Areas (LDAG6s) resulting
defined in Manual I48&tachment C. The load deliverability cases model stressech@0fiEakuoads in the

LDA under study in each of the cases. A Capacity Emergency Transfer Objective (CETO) is identified. The CE
the amount of energy an LDA will need to be able to import so that the area is not expected to have a loss of lo:
evenmore frequently than one event in 25 years. A Capacity Emergency Transfer Limit (CETL) is calculated fo
each LDA (i.e. 54 cases) to determine the energy that can be imported into the area under test. In each case, tt
CETL (dAt he | ihetargebOapacitg Emergemqgy aransfer Ohjeativet (CETO). Through this method, a
large number of critical system conditions are also developed as part of the Load Deliverability Analysis. The s
is planned to ensure that each of the LDAs meet Hia@idi®um. System reinforcements were developed

for any condition where the calculated import capability into any LDA would not meet the CETO.

Generator Deliverability Analysis

The PJM Generation Deliverability procedure was used to deterimitnansthes$idn system, including all

PJM BES elements, was adequate to deliver all PIJM capacity resources to the network. Generator Deliverabili
analysis is performed to ensure that capacity resources within a given electrical area wilhbieagdregate, b
exported to other areas of PJM that are experiencing a capacity emergency. PJM utilizes the Generator
Deliverability procedure to study the normal system and single contingencies under a stressed generation dispe
Every BES facility aast lower voltage facilities were monitored for thermal limits and voltage stability. The
stressed generation dispatch is unique to each monitored element and contingency pair under study. The Gen
Deliverability procedure is defined in PIMIMRmAtgchment C.

PJIM performed the Generator Deliverability test 6@80282nmer peak model. The Generator
Deliverability test examined system performance under normal and single contingency conditions. The conting
set included a comp#steof single contingencies as defined by P em@gbie 1 of TPD14.
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The 202generator deliverability analysis tested a large number of critical system conditions. Every facility was
monitored for applicable thermal limits for both thestemmatd following the loss of every possible

contingency. This process considers every orgQffhedssible single contingencies for each monitored

facility. As described in PJM Manual 14B, Attachment C a stressed dispatch was alapgl@atoped and

each potentially overloaded flowgate to determine if an overload could be simulated. Through the method of af
a stressed dispatch to every possible single flowgate, the Generator Deliverability test identifies a large number
criticabystem conditions.

Reinforcements were developed for areas where the system failed to meet thermal limits or demonstrated a vol
collapse. The reinforcements, along with a schedule for implementation, are contained in the results section of
documet.

Common Mode Outage Analysis

Common mode outage analysis procedures are similar to the generation deliverability analysis procedure; howe
this analysis focuses specifically on the loss of multiple elements. The common mode outagk analysis studies |
events listed as P4, P5 and P7 under a stressed generation disp00. nNMgplé contingency events were
analyzed. Every BES facility and select lower voltage facilities were monitored for thermal limits and voltage st:
The stressed mgeration dispatch is unique to each monitored element and contingency pair under study. The
common mode outage procedure is defined in Addendum 2 of PJIM Manual 14B.

Reinforcements were developed for areas where the system failed to meet thaymahitsitey \iecame
unstable. The reinforcements, along with a schedule for implementation, are contained in the results section of
document.

Load Deliverability Analysis

The Load Deliverability test procedures were used to determiroityf EreeCggacy Transfer Limit (CETL) for
each of the various electrical areas of PJM is gr
Objective (CETO).

There are currently 27 Locational Deliverability areas defined in PIMI arbaselethiic each of the 27
Locational Deliverability areadesmcribed in table 6 and Map 2
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LDA Description
EMAAC Global areaPJM 500, JCPL, PECO, PSEG, AE, DPL, RECO
SWMAAC Global areeBGE and PEPCO
MAAC Global areaPJM 500, Penelec, édetICPL, PPL, PECO, PSEG, BGE, Pepco, AE, DP
RECO
PPL PPL & UGI
PIM WEST APS, AEP, Dayton, DUQ, ComEd, ATSI, DEO&K, EKPC, Cleveland, OVE(
WMAAC PJM 500, Penelec, Meted, PPL, UGI
PENELEC Pennsylvania Electric
METED Metropolitan Edison
JCPL Jesey Central Power and Light
PECO PECO
PSEG Public Service Electric and Gas
BGE Baltimore Gas and Electric
PEPCO Potomac Electric Power Company
AE Atlantic City Electric
DPL Delmarva Power and Light
DPLSOUTH Southern Portion of DPL
PSNORTH NortherRortion of PSEG
VAP Dominion Virginia Power
APS Allegheny Power
AEP American Electric Power
DAYTON Dayton Power and Light
DLCO Duquesne Light Company
ComEd Commonwealth Edison
ATSI American Transmission Systems, Incorporated
DEO&K DukeEnergy Ohio and Kentucky
EKPC Eastern Kentucky Power Cooperative
Cleveland Cleveland Area
Table 6. PJM Locational Deliverability Areas (LDA)
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PENELEC

Dominion

Map 2. PJM Load Deliverability Ase

The 202Load Deliverability test used tles@fner peak base case as a starting point. From that starting

point, 27 individual thermal Load Deliverability cases were built following the Load Deliverability thermal proced
defined in PIM Mari#B Attachment C. In addition, 27 individual voltage Load Deliverability cases were built
following the Load Deliverability voltage procedure defined in PJIM Manual 14B, Attachment C. This process
developed one thermal and one voltage study caseffitrec2ich ocational Deliverability Areas (LDA) resulting

in 54 cases. These studies cover critical system conditions with load levels in the cases set to a 90/10 summer
for the respective LDA under study and a 50/50 summer load levaléasallMtiaeiing of specific system

conditions such as load, reactive resources, and phase angle regulator settings were modeled as specified in P
Manual 14B, Attachment G for the Load Deliverability tests. Manual 14B, Attachment C atshuspézifies a proc
dispatch generation in both the area assumed to be under a capacity emergency and the areas assumed not to
under a capacity emergency.

Capacity emergency transfer objectives (CETO6s) f
intechange for the LDA under study in each of the thermal and voltage cases.

A thermal Load Deliverability study was then performed on each of the 27 thermal Load Deliverability cases. T
thermal Load Deliverability study of each LDA monitored théDéspeckdr study and tested system

performance of the normal system and all single contingencies. Reinforcements were developed for areas whe
system failed to meet thermal limits. The reinforcements, along with a schedule for impletaieethiion, are co

the results section of this document.
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A voltage Load Deliverability study was then performed on each of the 27 voltage Load Deliverability cases. TF
voltage Load Deliverability study of each LDA monitored the respective LDA untist systignand tes

performance of the normal system and all single contingencies. Critical system conditions were analyzed and
reinforcements were developed for areas where the system failed to meet voltage magnitude limits, voltage dro
limits, or demonstratewltage collapse. The reinforcements, along with a schedule for implementation, are
contained in the results section of this document.

Light Load Reliability Analysis

PJM also performed a yeds|1#f)f load reliability analysis. The 50% of 50/5(@esaidenand level was

chosen as being representative of a stressed light load condition. The system generating capability modeling
assumption for this analysis is that the generation modeled reflects generation by fuel class that historically ope
duing the light load demand level. In addition to the generation dispatch, the Light Load Reliability Analysis
procedure also requires that PJM set interchanges within PJM and neighboring regions to their historical values

The starting point power fldve isame power flow case set up for the baseline analysis, with adjustment to the
model for the light load demand level, interchange, and accompanying generation dispatch. The flowgates ultirr
used in the light load reliability analysis were détgmnnmeag all contingencies maintained by PJM planning

and monitoring all PIJM market monitored facilities and all BES facilities. The contingencies used for light load
reliability analysis included single and multiple contingencies, with thinexXdeptiorenf. Normal system

conditions (P0) were also studied. All BES facilities @3teiSafbodities in the PIMtial congestion

management control facility list were monitored.

Winter Reliability Analysis

PJM also performed a yeds &d2er reliability analysis. This analysis included Generator Deliverability Studies, as
well as Load Deliverability studies usirgR EG2case with winter loadings and winter transmission line ratings.
PJM focused these studies on Locational Digliveess which had a Winter Loss of Load Expectation greater

than 50%.

Voltage Stability

PV analysis was used to study a set of contingencies fipnoddeR®erability voltage studies that were very
severe or naonvergent. A set of singléingemicies was selected for further study in the PV analysis. The
methodology used to select the contingencies was to choose 500 kV or above contingencies that did not conve
a Load Deliverability voltage test. Also, contingencies that cneatettagsesp or severe low magnitude

violation on the BES were selected.

A PV analysis was then run on each of the selected contingencies. The analysis monitored all PIM facilities wt
simulating a transfer from all PJM generation outside tka @EAIYaneration inside the CETO area where

the contingency was identified. Typical to a PV analysis, the transfer was backed off until each contingency sol
and was then incrementally increased until a voltage collapse was simulated.
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Retool Analyis of the Neaferm 200205

Retool analysis is analysis that is performed during the current assessment to verify analysis that was performe
previous assessment. The retool analysis oftdtenneas performed to verify the RTEP for-tierdear

to forecasted changes in system conditions. Due to the recent overall net decrease in the projected load forece
the PJM system, the retool work performed by PJM was a significan2 @RI BPth&tad retool analysis of

the neaterm inaded Generator Deliverability, Load Deliverability, common mode dttaayealgsid.NThe
methodologies for each of these analyses was performed as described in Hraetbiad e 20®tions in

previous sections of this document. Thiagprttach, an extensive set of critical system conditions were
analyzed. The conditions studies are summarized below.

Cases and contingency files for each year under study were updated in coordination with the Transmission Owi
to reflect the mostent planned and existing facilities. The u@ddal 26ad forecast was used to determine

the load in the individual cases. The modeling updates included a review of the modeling of existing and plannt
facilities.

The retool analysis performedrasf the 20RTEP included the following groups of analysis. This analysis was

in addition to the work performed as part of the near term and long term assessments required by the TPL stan
As a result of the significant generation deauntitiét@ions received through®QtRRIM performed a

significant reliability review of yeithgfugh 2G2 As part of the2Z2IRTEP, PJM performed system wide
assessment of normal system, single contingency, multiple cehingeneyatdieliverability and load

deliverability testing for yezdth@ough 2@5ummer peak models as needed for the widespread generation
deactivations. PJM completed studies and developed system reinforcements related to generation deactivatior
requests fomeh year in the néarm in addition to the specific retool efforts outlined below. System
enhancements, including an implementation schedule, were developed for every system performance issue the
identified as a result of the generation deaativifitations. The system enhancements required as a result of

the generation deactivations are described in more detailtsgbetion of this report. In addition to

deactivation related retool studies PJM continually validates thidieptdiedusigtem enhancements are still
necessary.

2021 Retool
1 B2753.9 Summer Study (AEP)
1 B1570.4 scope change (AEP)
1 B2697.1 and B2697.2 scope change (AEP)
1 B2279 scope change (AEP)

9 Jackson 230/115 kV transformer retirement (ME)
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2022 Retool

1 B3099 Summstudy (AEP)

1 B3100 Winter study (AEP)

1 B3116 Summer study (AEP)

1 B3040.6 Summer study (AEP)
2023 Retool

1 B3036 Winter study (AEP)

1 B3087 Winter Study (AEP)
2024 Retool

KincaitRASremoval (ComEd)

Customer X(400 MW load interconnection) (Nipsco)

Menges Ditabad connection to East Elkhart (AEP) station (Nipsco)
B3157 Winter study (AEP)

B3160 Summer study (AEP)

1

1

1

1

1

1 B3156 Summer study (AEP)
1 B3158 Winer study (AEP)
1 B315%ummer study (AEP)
1 B313MWiner study (AEP)

9 B3085 status review (AEP)
1

B2594 Cancelation (AEP)
2025Retool

B3161 Scope change (Dom)

Recent deactivations and newly signed ISA (DEOK)

1

1

1 S1533 Cancelation (RMU/ComEd)

1 Multiple cap bank size reductions (AEP)
1

Jackson 230/115 kV transformer retirement (ME)
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91 Dickerson Deactivation (PepCo)

1 Chalk Point DeactivatitepCo)

9 Dresden Deactivation (ComEd)

15 Year Planning and Analysis of the Lehigan System

The purpose of the long term review is to simulate system trends to identify problems which may require longer
time solutions. This enables PIM to taleiajgoastion when system issues may require initiation of a
reinforcement project in anticipation of potential violations in the longer term. System issues uncovered that are
amenable to shorter lead time remedies will be addressed as theyredgeinidtirezon. The detailed

description of the 15 year planning process is described in PJIM Manual 14B.

The 200RTEP also included a review of the fifteen year planning horizob.tirbegmal3es conducted

as part of the review includedad system, single, and multiple (tower) contingency analy&is@bthe 202

Summer Peak case as summarized in Table 7. Following the 15 year procedure, the calculated loading on eve
flowgate was then scaled by a factor consistent with e fmadastwth to determine a facility loading in

years 20@through 2@3years 6 through 15). Both the Generator Deliverability and Load Deliverability procedures
were used to establish the critical system conditions under which the system was evaluated

Monitored| Contingenciey Years

Analysis Type
y yp Flowgates| Considered | Considered

Any BES | normal systen]
Load Deliverability element single, doublég|
loaded at | circuit tower lin

2506 or 205 through
. 205
Generation greater in normal system
Deliverabijit the 202 single
analysis

Table 7. 15 Year Planning Analysis

Load forecasts for the yearsth@@ugh 2@3rom the ZDPJM Load Forecast Report were used to generate
load growth scaling factors for each of the highest loaded flowgates in each yeaag. fadterD@emthen
used to calculate a loading for each flowgate for eadtlyearg?02@3

Analysis of the Longdrerm System

PJM evaluated a 8Qg=aB) 50/50 Summer Peak case. One purpose of this evaluation was to identify any
thermal or tage reliability criteria violations in y8&nétG2ould require a longer term lead time to resolve. The
evaluation of the 8@ mmer Peak case did not identify any reliability criteria violations that would require a longe
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lead time solution. dididon, this targeted analysis 88@0#ner conditions was benchmarked for consistency
to the 2@results from the 15 year analysis procedure.

Verification of Planned Reinforcements

Analysis was performed to verify that all planned reinforcemenidahtified as part of tA@RUEP and all

previously identified reinforcements acceptably resolved all criteria violations throughout the planning horizon.
Analysis was also performed to verify that no new potential criteria violatiorss \aeesuoleated

implementing the required system reinforcements.

New ServieQueue Analysis

Analysis for customer requests in the New Services Queue was performed for several different types of New Se
Requests: Generator interconnection, Iditgtéransmission service, ARR requests, and Merchant transmission
requests. The reliability of the requests is determined through two separate technical studies, the feasibility stuc
systenimpact study.

The feasibility study is the first sttudypeaformed and is an initial look at the effect of the New Service Request
on the transmission system. This study includes generator deliverability analysis that is performed on a summe
peak load case to anatiizenormal system and all singleudinglercontingencies (Excludiinb)N

Additionally Sh@itcuit analysis is performed.

If a developer elects to move forward and exggstidrapact Study Agreement PJM performs a more
detailed study of the impact of the proposed reguaesniim@act study includes thermal analysis (AC
Generator Deliverability) of the normal system and all single and multiple contingentit} 4& xehlidiasg N
short circuit and stability assessments. Additionally, and as required basédegudse nyaeep load
deliverability analysis may also be performed.

As part of theystenimpact study process, steady state voltage studies are performed for all interconnection
projects. The steady state voltage studies included a check of theleudicaddmitude limits under normal

and contingency conditions. The voltage of every BES facility was monitored. The contingencies included in th
steady state voltage analysis included all multiple contingenclescexteymadcies.

Specific mallts of intercagution studies can be found at:

https://www.pjm.com/planning/semieeEsts/interconnectjoaues.aspx

Short Circuit Assessment

PJM conductsahcircuit analysis annually to determine whether circuit breakers have interrupting capability for
Faults that they will be expected to interrupt using the system short circuit model with any planned generation a
transmission facilities in servick edutd impact the study area. Short circuit analysis is performed consistent
with the following industry standards:

1) ANSI/IEEE5210 06 " | EEE Rec omme n d e dCiréuit Guodnts io edustralandCa | c u |
Commercial Power Systems
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a) This statard is used to provide short circuit current information for breakers and power system equipmel
used to sense and interrupt fault currents.

2) ANSI/IEEEC37-0D 99 '| EEE St andar d-Véttage Cinouif Br&akersuct ur e f or
a) This standard is usedstablish the rating structure for circuit breakers and equipment associated with
breakers.
3) ANSI/IEEEC37.a1® 99 '| EEE App!l i vVdtage ©irouit Beakeds®atddomra AC Hi gh

Symmetrical Current Basis
a) This standard is used to calcutatauth current on breakers that are rated on a Symmetrical Current
Basis taking into consideration reclosing duration, X/R ratio differences, temperature conditions, etc.
4) ANSI/IEEEC3759 79 '|I EEE Gui de for Cal coflAGHigWotageof Faul t
Circuit Breakers Rated on a Total Current Basis
a) This standard is used to calculate the fault current on breakers that are rated on a Total Current Basis.

Each of these standards is used jointly with transmission owners' rasthdabizgiesalculate fault currents

on all BES breakd®g.using these standards, single phase to ground and three phase fault currents are calculate
and compared to the breaker interrupting capability, provided by the transmission ovbreat@reach BE

within the PJM footprint. All breakers whose calculated fault currents exceed breaker interrupting capabilities ar
considered overdutied and reported to transmission owners for confirmation. All breakers are used in specific s
circuit caseshich help to identify the cause and year breakers are likely to become overdutied.

Short circuit cases are built consistent with a 2 year planning representation and a 5 year planning representati
The 2 year planning case consists of the curranh ddéion to all facilities planned-sebgda within the

next year. The 5 year planning case uses the 2 year planning case as its base model and it is updated to incluc
system upgrades, generation projects, and merchant transmggpianmedjéztesarvice within 5 years.

The 5 year planning case is similar to the 5 year PJIM RTEP load flow basecase.

Once an overdutied breaker is confirmed breaker replacement and reinforcements along with cost estimates ar
determined. Breaketae@ments and reinforcements, along with a schedule for implementation, were presented &
monthly TEAC stakeholder meetings and are contained in the results section of this document.

Stability Assessment

PJM performs multiple tiers of analysis tohensyseem will remain stable and have satisfactory dynamic
performance for disturbances that are consistent with Table 1 of tHBOMERENTRLDs. Collectively, the

studies performed assess system dynamic performance over a wide rang&\tiidoatdesgistem dynamic
performance does not meet criteria, appropriate reinforcements are incorporated in the system plans and desig
These measures include the installation of PSS (Power System Stabilizer), Excitation system refinements, dyneé
or satic reactive supports for wind generation plants, relaying and breaker configuration modifications.

Stability Studies 2019 RTEP

Annual baseline stabilit
analysis of 1/3 of existir] 100
stations
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New Services Questability

) 123
analysis

Total 223

Table 8. Number of Generation Stations Studied for Stability as Part of the 2019 RTEP
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0 2018 Baseline Stability
Phase 3

Map 3. ThreeYear Baseline Stability Cycle

Good engineering practices as related to ensuring adequate system dynamic performance for the Bulk Electric
System starts witbpar base case models. PIJM uses full ERAG MMWG models as a starting point for the dynan
stability analysis. All known transmission system as well as generation model changes available from approved
system plans are incorporated. Step response siaralatoducted to detect and correct any modeling errors.
Case initialization results are carefully analyzed to make sure that all the initial conditions are satisfactory. A 2C
second no fault simulation is performed to ensure proper parameiteth@araadsd.

As part of the 22DRTEP, several tiers of system stability analysis were performed. The first tier of this analysis
includes PJM6és annual comprehensive transient sta
annual analis is performed for one third of the PJM footprint each year.

The annual baseline analysis includes an evaluation of the system under light load conditions as well as peak I
conditions. PJM6s r at i on alleddystem conditions aré fougd taabe the g h t
most challenging and severe from a transient stability perspective. The analysis also includes an evaluation of
system under summer peak loading (50/50) conditions.

PJM incorporates dynamic load modask Ingu stability study to consider the behaviors of dynamic loads
including induction motor loads. Various contingencies near load centers and generation stations are studied to
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ensure PJM system meets dynamic voltage recovery criteria as weditabititsresiel damping criteria. In
addition PJM evaluates the impact of dynamic load models on the system performance under a stressed power
transfer condition across PJM eastern interface.

All PIM stability studies start by testing the systerarfraasmagsion line switching operation. This examines

the system under system normal conditions, as specii@d4n Td_system response is verified by

monitoring generating unit angle curves over a 20 second time frame. This teseaidorpnatimtesalverify

that all dynamic parameters are correctly initiating and responding properly. The stability test procedure include
simulation of all applicable disturbances on all outlets of generating plants for multipl@pntingency (P3
corditions. Additionally, all existing Remedial Action Schemes and their controlling actions are evaluated to ensi
their effectiveness. A visual depiction of the coverage of the three latestyatelye\stbdsilis shown in

Map Jabove.

Map 4. Locatons of proposed generation studied for stability20 20

A second tier of PJMés stability assessment inclu
exceed 20 MWs. New generator interconnections represent a sigraficartbortfoelgigstem that could affect
stability. In 20as part of the generation interconnection process, PJM completed transient stability analysis for
172 proposed generator interconnections within the PJM footprint. The locations ofe¢hessstgnoposed g
shown in Map 4. In this analysis PO, P1, P2, P3, P4, P5, P6 and P7 conditions were analyzed for disturbances
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